<1 - R¢5U6¥F€NATHE,__§EN1CCNDUCTCR SUBSTRATE AND
PROCESS FOR P BACKGROUND OF THE | ION 5
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Many studi es have been nmade on sSi ator (SO) structure
for silicon type - SeMpgHRGd For PHOPRETION ITRiER@ogt ed circuits,
because . the SO has |ow parasite capacitance and facilitates
el enent separation for speed increase, power saving, hi gh
I ntegration degree, and cost reduction of 20 transi stors. In
1970s, | mai prgregedotine ProTaEs INVENTLBRS (fully isolation by
porous silicon) (K Tmai, Solid State Electronics 24 (1981), p.159).
In this psocesgield of thet tneensliends are fornmed on a p-type substrate,
and 25 the p-type region including the area bel ow the -n-type

The present invention relates to a semiconductor

substrate, and a process for producing the
semiconductor substrate. Particularly the present
invenfion relates to a semiconductor substrate which is

10 applicable to an SOI substrate and is useful as the
base of an integrated circuit employing MOSFET,.a
bipolar transistor, and the like.

' Related Background Art
Many studies have been made on silicon-on-

15 insulator (SO0I) structure for silicon type
semiconductér devideshénd integrated circuits, because
the SOI has low parasite capacitance and facilitates
element separation for speed increase, power saving,
high integration degree, and cost reduction of

20 transistors.

In 1970s, Imai proposed the process .for FIPOS
(fully isolation by porous silicon) (K. Imai, Solid
State Electronics 24 (1981), p.159). In this process,
n-type islands are formed on a p-type substrate, and

25 the p-type region including the area below the n-type
islands is made porous selé;tive;y, leaving the n-type

regions nonporous. The porous silicon, which was




I slands is nade porous selectively, |leaving the n-type regi ons
nonpor ous. The porous silicon, which was

- 2- di scovered by Unlir et al. on,1964 (A Uhlir, Bell Syst .
Tech. J., 35 (1956), p.333), has pores of Several nanoneters to
several tens of nanoneters in the interior of silicon crystal like a
sponge, havi ng 5 extrenely large surface area for a unit vol une of
several hundreds nferr]/cnierr] or nore. In thermal oxidation in an .
oxygen-cont ai ”'gﬂsé&fQEQ&eﬁf1Uﬁffrpé’£9é'§.Sbﬁ'f%éu (A uhBipXighzed not only
at the surface but also 1nthe interiror by the oxygen having
penetrated thergf@e. #8ch. Jhersdoreosé he gm@w, Shas CHOrésYSf S&vebsl
sel ectively oxi di zed. Since the thickness of the oxide filmis
control |l ed by thaféH€EersOotol 88vELaDUSehEYSE hahdétét@nin the the tine of
the oxidation, the .silicon oxide filmcan be formed on the porous
silicon in a thinkeesesrodf 4blicoseorysatal ehike n@sspongeydnavimgindred ti nes
that forned . by bul k silicon oxidation. Thus the porous regi on can
be conpl et8ly osktremdlyl| bavgagsuhtagetgpeasforcanunit volumenef not
oxidized at all. By this process,, silicon i slands are formed on
oxi di zed por ousSeverabnhupdreds miyGHyi 8 mppes. Inj fhermal osvidatien
silicon increases when oxidizgd, t he gorous silicon has grfferably a
in an oxygen-containing atmosphere, the porous silicon

is oxidized not only at the surface but also in the
interior by the oxygen having penetréted thereto.

10 Therefore, the porous.silicon iayer can be selectively
oxidized. Since thé thickness of the oxide film is
controlled by thickness of the porous layer rather than
the time of the oxidation, the silicon oxide film can
be formed on the porous silicon in a thickness of

15 several ten times to several hundred times that formed

- by bulk silicon oxidation. Thus the porous region can
be completeiy oxidized, ieaving the n-type silicon
islandé not oxidized at all. By this process, silicon
islands are formed on oxidized pdfous silicon to

20 provide FIPOS. Since the volume of silicon increases
when oxidized, the porbus silicon has preferably a
porosity, (pore volume)/(sum of remaining silicon
volume and pore volume), of about 56% in order to
prevenf warpage of the wafer and formation of defects

25 by the volume increase.

o Later, an_improvement of this process was

disclosed, in which porous silicon layer is formed on -



porosity, (pore volune)/(sumof remaining silicon vol une and pore

vol une), of about 56% in order to prevent warpage of the wafer and
formati on of defects 25 by the vol une increase. Later, an
I mprovenent of this process was drsél Gsed, in which porous silicon
| ayer is formed on - 3- t he
entire surface of nonocrystalline silicon, nonpor ous nonocrystalline
silicon is epitaxially grown on the porous silicon, a part of the

epitaxial silicgg ntlrelsaﬁﬁ?f i 6?’]1?8/ S zedfi é‘esPPié&’r? silicon, and

the 5 por ous SiTicon is se ective to formSQO’

structure (H  Takeh nondd ténﬁk@c‘éipm&n Dk £41 B St 1983)
p. 973). mﬁ&% %e dlce'}l\;/bel oprent of FlI POSlsase"glhe appl%:ggl on

field of porousosithe Pordhe $ELiwsh Ofa Gt oHfthd GepitdidDr £ilicon
nonocrystal line silicon layer is developed taking the application to

FI POS i nto consigpsnti®nremoved to bard.thégsmmdus edikdcon gpaid et:h@pl t axi al
growt h on porous silicon (T. Unagam, and M Seki,

El ectrochein SosorodSsilBad) - s mmqt:m@l:mm:yldﬂ&d tdlfqatmySQ)Il or to the
report on FIPCS process. In Unagam ' s process, a porous |ayer is
formed on the structuxefdie Taked p-ander Sjftah) e fBFeQHToRLE st i vi ty of

Materials 12 (1983), p.973).
With the deyelopmenf of FIPOS as the application
field of porous silicon, the method of growth of
10 nonpofous monocrystalline silicon layer is developed
taking the application to FIPOS into'consideretion.
T. ﬁn;gami, et al. reported epitaxial growth on
porous silicon (T. Unagami, and M. Seki,
J. Electrochem. Soc., 125 (19785’p11340), probably
.15 firstly prior to the report on FIPOS process. In
Unagaﬁi's pfocess, a porous layer is formed on the
surface of a p-type Si(111) wafer of resistivity of
0.004 to 0.15 Qcm, and an epitaxial silicon layer is
grown in a hydrogen atmosphere at 1170°C by employing
20 SiCl, as the source gas at a growth rate of 0.4 um/min.
In the grown layer, no lamination defect was reported
to be observed after Si rtle etching. However, such a
high-temperature treatment causes considerable
coarsening of porous structure, which is not suitable
25. for production of the FIPOS structure. Accordingly,
after fhe disclosure of the FIPOS, investigations on

the epitaxial layer formation have been concentrated to



0.004 to 0.15 [err]cm and an epitaxial silicon layer is grown in a
hydr ogen at nosphere at 1170[err] C by enploying 20 SiC[err] as the
source gas at a growth rate of 0.4 [err]nm njn. In the grown | ayer

no | am nati on defect was reported to be observed after. Si rtle
etching. However, such a hi gh-tenperature treatnent causes

consi der abl e coarseni ng of porous structure, which is not suitable
25- for production of the FIPOS structure. Accordingly, after the

di scl osure of the LR or @fe§EgQ%E59@$cﬂQnge of thBepBRbLEXE3h 1kLAKe"

formati on have DBeen concentr at

-4- PaRde R %ﬁm%ﬁt%hbhﬁkuB%c%%%&ﬁeonth@ec99§€3§ aéEéEQQ in
and to simultaneous decrease of the crystal defects in he epitaxia

| ayer. the Eplidiaxdfalallayerevented the structure change of the 5
porous silicon by form ng a nonocrystalline silicon | ayer at

750[ err] C by pl asma @dRadnaitowilng peMeartell gheasgrawthre changeabE thel(2
to 132 nmimn (H Takai, and T. Itoh, J. Electronic Materials, 12
(1983) p.933; Hporaus siddgon by formihgol, monopppstabPhipe 8316E086)
p.223). Takai et al. 10 reported that, in formation of epitaxial
silicon layer layer e% [f9056sbyi plesmab@Vpl empdoging ShY, pak e3 grfowth
porous | ayer conmes to be bl ocked with the increase of t he epitaxi al
silicon |ayer, &A¥ec®fi A2edt A82 nm/min (H. Takai, and T. Itoh,

J. Electronic Materials, 12 (1983) p.973; H. Takai, and
T. Itoh, J. Appl. Phys. 60 (1986) p.223). Takai et al.

10 reported that, in formation of epitéxial silicon layer
on porous silicon by plasma CVD, the pores of the
porous iayer comes to be blocked with the increase of
the epitaxial siiicon layer, and estimated the
transition layer having remaining pores to be about

15 150 nm. |

Vescan et al. employed LPVPE (low pressure vapor

phase epitaxy) (L. Veséan, G. Bomchil, A. Halimaoui, A.
Perio, and R. Herino, Material Letters 7 (1988) p.94).
In their method, porous silicon was formed at a

20 porosity of 56% on a p-type Si substrate of resistivity
of 0.0i Qcm, and the pore walls were thinly oxidized at
300°C for one hour by dry oxidation (preokidation).
This oxidation was conducted for the-purpose of
preventing coarsening of the structure of the porbus

25 Tayer in the later high-temperature'treatment of
epitaxial grbwfh and oiidation. Subsequently, the-

oxidation film only was removed by dipping in HF. The



transition |layer having remaining pores to be about 15 150 nm

Vescan et al. enployed LPVPE (| ow pressure vapor phase epitaxy) (L.
Vescan, G Bonthil, A Halinmoui, A _ ¢ Perio, and R Herino, Material
Letters 7 (1988) p.94). In their rretshod, porous silicon was forned

at a 20 porosity of 56% on a p-type Si substrate of resistivity
of 0.01 [err]cm and the pore walls were thinly oxidized at

300[err] C for one hour by dry oxidation (preoxidation). Thi s

oxi dation was coapietstef Rast PEaBEAPPRCa Ofrowth chBHEY¥ENARY wL&8M58R:GY Of
the structure of the porous 5 | ayer Tn the later high-tenperature
treatnent of at anepltfxhdghOvastiimass SX10Mt hBAr SHAGEHHEPELM, at he
oxidation filmonly was renoved by dipping in HF. The :

-5- - sndispondes vasnpéagstial hinke gs: DI dos hbager , wad depta HBKETy

at an ul trahi gh vacuum of 5x10[err] nbar, and thereon a nonpor ous

monocr yst al | i negséwncoy inpreduation ofix$iljOL, at a tempemabyrenofodoatti on
of SiH err]C[err] at a tenperature of not 5 hi gher than ng[err]C. A
transition’ net tgh@BHuFhansIRATGrr A transiyien fnpfdfirakewt t H /ianer f ace
by observation of the sectional face by transm ssion el ectron '

m cr oscopy. was faund;areynd otRe niPteRtass thkidrseryarion ref aFke f ound.

' ' d, LPVP
¢ CUIes et al.sgg Eggéfdfgégog§d@%égghfggion efgctron microscopy.

Defects traversing the epitaxial layer were also found.
C. Oules et al. conducted preoxidation and LPVPE
10 by ﬁsing SiH, as the source gas in a similar manner as
Vescan did (C. OQOules, A. Haliméoui, J. L. Regolini,
R. Herino, A. Pério, D. Benshahel, and G. Bomchil,
Mater. Sci. Eng., B4 (1989) p.435; and C. Oules,
A. Halimaoui, J. L. Regolini, A. Perio, and G. Bomchil,.
15 J. Electrochem. Soc. 139 (1992) p.3595). They
conducted epitaxial growth at 830°C and 2 Torr by using
H, as the carrier gas and SiH, as the source gas: at a
growth rate of 0.5 pm/min. Tﬁe crystal defect density
in the epifaxial layer on the porous silicon formed on
20 p-type Si substrate of 0.01 Qcm depended greatly on the
porosity of the porous layer. It is shown that at the
porosity of 50% or lower the defect density observed by
plane TEM was at nearly the same level as thét of an
epitaxial layer grown under the same éonditions on a
25 bulk (noppbrous) silicon wafer, but the absolute value
thereof 'is not shown. Usually in plane TEM.

observation, the size of measurement region for one



10 by using SiHerr] as the source gas in a simlar manner as

Vescan did (C. Qules, A Halinmaoui, J. L. Regolini, R Herino, A
Perio, D. Benshahel, and G Bonthil, - gMter. Sci. Eng., B4 (1989)

p. 435; and C. Qules, - A. Halimaoui, J. L. Regolini, A Perio, and G
Boncthil,. 15 J. Electrochem Soc. 139 (1992) p.3595). They

conducted epitaxial growh at 830[err]C and 2 Torr by using H2 as
the carrier gas and SiH4 as the source gas, at a growth rate of 0.5

[err]m nmin. Thesampieaisdabeaut dO0Siiy square. | Thekerepkt dkkalbelareionan the
porous silicon forned on 20 p-type Si substrate of 0.01 Qcm depended

greatly on the limit fpe' ¢he! defecthdepeiays ikayehsiliered tbove tbautat the

porosity of 50% or |ower the defect density observed by pl ane TEM
was at nearly tnhe*seme loaveln amrehatarmsffudn observatdpint o dle hapelegrsown
under the sanme conditions on a 25 bul k (nonporous) silicon wafer, but

the absol ute valthen 10°/cmi.he/Thef Hemaigtinghd@fectsudls priesumiesndorbe
observation, the size of neasurenent region for one

- 6- 5 sSﬁHFédl?YaEBEFlféGSpﬁP§§G§rPY FH@r§¢6P6t9H8 8ét &Bfi on

limt for the defect density is conside d

10[err]/cn[err]aPBPrP USsr e TRRFEEQESoh S aeﬂélﬁgtsp8§%d be t han
10[err]/cnferr] renaini.ng defects is esuned to _be caused by
paLtlc}esnLauseéu ﬁgﬁﬁe SEPPIREDr 81 tﬁ&ea o¥ en¥658P5F8§alTherefore t he

defect density EQRH ;4i08s.
The studies on the-FIPOS process were actively

10 conducted from 1970s to the first half of 1980s, but
has come to decline with development of new process for
SOI structures becéuge thé formation of the surface
silicon layer is limited to be in island shapes in the
FIPOS process, which is not suitable for general

15 purposes.

As described above, the epitaxial growth on porous
silicon for the FIPOS process was required to be
conducted at a process temperature of not higher than
900°C in order to prevent coarsening of the porous

20 structure and not to retard the séiective oxidation of
the porous layer in the Iafer step. Therefore, the
epitaxial growth method has been limited to MBE and
LPVPE which have not widely been used for semiconductor

. silicon production. Thus few investigations have been

25 made on the epitagial growth by a widely used CVD

system in which the epitaxial growth is practiced in a

hydrogen atmosphefe at a pressure of about 10 to



further exam ned under cl eaner environnental condi ti ons.

The studies on the FIPCS process were actively 10 conducted from 1970s
to the first half of 1980s, but: has_conme to decline with devel opnment
of new process for SO structures” bécause the formation of the
surface silicon layer is limted to be in island shapes in the

FI POS process, which is not suitable for general 15 pur poses.

As descri bed above, the epitaxial growth on porous silicon for the

FI POS process was megyi rb%dsf%%[dg?lﬂ 8 isﬁuﬁ%pd at a process tenperature

of not higher than 0 prevent coarsening of the

porous 20 StrUCHICRANG BReicRd SOX GdrLrie keintend daldvmef
e

the porous layer in the |ater step. Therefore, epi t axi al grbmﬂh

net hod has beersiMoX (@dpara@Borly implantdd/Rixpgen)) ke waderwi del y been
used for sem conduct or silicon production. Thus few investigations

have been 25 pontHIRy Wedhid .t aXikd SIMOR Hspropuséd byuJeminGViD £
systemin which the epitaxial gromh is practiced in a hydr ogen
at nospher & at alippess Ted egfragibo @ndl Telephone Corporation on 1978, in
-7- 760 Torr by feeding a source gas. Recently noticed
SO form ng tecthiclusstyigest ugms are implanted into a silicon
substrate, and the substrate is heat-treated at a
temperature of higher than 1300°C to obtain buried
silicon oxide film (K. Izumi, M. Doken, and
10 H. Ariyoshi, Electron. Lett, 14 (1578) p.593). 1In this
method the surface silicon layer thickness and the
buried silicon oxide iayer.thickness are limited by
control of the defect density and the quality of the
oxide film, and the commercial products have a limited
15 surface silicon thickness of 200 nm + 60 nm, and a
. limited buried oxide thickness of 390 nm. The
uniformity of.the film thickness is affected by
variatibn of implanting energy for ion iﬁplantation.
Therefore, sacrificial oxidation, epitaxial growth, or
20 a like treatment ié required to obtain a desired
thickness of the film. In particular, in thin film
formation, the filﬁ thickness uniformity tends to be
lower. Further, inithe buried oxide film, which is
formed by coalescence of oxygen ions, pinholes are
25 formed in the portion where the oxygen coalescence is

insufficient. The pin holes would cause leakage, or

poor dielectric strength.



SI MOX (separation by inplanted oxygen), and wafer bondi ng techni que.
The SIMOX is proposed by lzum of 5 Ni ppon Tel egraph and Tel ephone
Corporation on 1978, in whi ch oxygengi ons are inplanted into a
silicon substrate, and the substrate is heat-treated at a :
tenperature of higher than 1300[err]C to obtain buried silicon oxide
film(K lzum, M Doken, and 10 H Ariyoshi, Electron. Lett. 14 (1978)
p.593). In this : nmet hod the surface silicon |layer thickness and the

buried silicon oxi deghayge bRhekNBSAAAr @atisusedebods areCaDEcDbsed t he
defect density and the quality of the oxide film and the comerci al

products have afbinwhgdr bbndingr tachnslbgygotot bbtéiwsano$0R0Stnactebenm
and a limted buried oxide thickness of 390 nm The

uniformty of thechuke offii chntrselilabalitytefl bpicknessegapfadi snrbdace

i mpl anting energy for ion inplantation. Therefore, sacrificial

oxi dation, epitaxiLicoyr davpr and éoburladl$kbl@©@aﬁﬁéﬂe 1§Y¢§qu¢ﬁ€d to
obtain a desired t hi ckness of the film artlcular in thin film
f or mati on, 5t he FFQH]FﬁYéEﬁééénBﬁYf@anP? Fﬁﬁﬁéc?osb icon lay@Bwer. Furt her,

in the burled oxide film med by coalésgence of oxygen
i ons, pinhol es Npkamyra etfEineﬁlﬁﬁlPﬁﬁdpGrP?Bﬁlﬂﬂevﬁt?ﬂ 12y yaich

gggLeZFEngtL?Cw§fg€ﬁgPﬁe ongeg %ogeI rp%gtnou an aéﬁes13861£§akage

another interlayer (Japanése Patent Publication No. 39-
17869). This method was not further investigated until
10 Lasky;~et al. reported on 1985 a method of thinning one
of the.bonded wafer, and the characteristics 6f MOS
transistor .formed thereon (J. B. Lasky, S. R. Stiffler,
F. R. White, and J. R. Abernathey, Technical Digest of
the International Electron Devi&eS'Meeting (IEEE, New'
15 York, 1985), p.684).. In the Laskyfs method, an n-type
epitaxial silicon layer is formed on a first wafer
containing a high concentration of boron. This first
wafer and a second wafer having oxide film on the
surface, after they are cleaned optionally, are brought
20 . into close contact, whereby the two wafers are bonded
by Van der Waals force. BY heat treatment, covalent
bonds are formed between ?he two wafers to give a
bonding strength sufficient for device production.
Theh the first wafer is etched from the non-bonded face
25 by a mixture of hydrofluoric acid, nitric acid, ahd
acetic acid to remove selectively‘the é* silicon wafer

to leave only the epitaxial silicon layer unetched on



On the other hand, various nethods are disclosed for wafer bonding
technology to obtain an SO structure because of controllability of
t hi cknesses of a surface silicon Layer and a buried silicon oxide

| ayer, and 5 high crystallinity of the surface silicon |ayer.

Nakamura et al. disclosed a bonding nethod in which waf ers are bonded
toget her wi thout an adhesive | ayer or anot her -interlayer ([Japanese
Pat ent Publication No. 39- 17869). This nethod was not further

investigated undd sddbnd #afdw. 6in ahid qREKPG aiethih, adretdiod of
t hi nni ng one of the bonded wafer, and the characteristics of MOS

transi stor for rgekfairontd dledre Liftsk)epitailalStdiflficmn layer im &R \Wite,
and J. R Abernathey, Technical D gest of the International Electron
Devi ces Meeti nour{ilfidrfm tielckridss oforthe E85re fa@8®l)of the twafdmsikincee

met hod, an n-type epitaxial silicon layer is forned on a first wafer
cont ai ni ng a hitgte coatientofatthm effichiqniorateiof M'r silicon tonghat gfd a
second wafer having oxide filmon the = surface, after they are

cl eaned offt i ondihe epitamiatgR™ oFon) SiALEOR dSeasohPHcAS RR¥PEBY the two
waf ers are bonded by Van der Waals force. By heat treatnent,

coval ent t9hds are formed between the two wafers to give a

varer s et ched frorlq TR HAREFTRaR i ctifiing ds qppigried |
Tyt o Al O gl e o s B M b D Blfurery
‘silicon I ayer LEE%&&E%E&%&on as a first substrate, were laminated a p"
10 Si layer and a la&er of low impurity concentration.
This substrate is laminated on a second substrate
similar to the aforementioned one. The first substrate
is thinned at the-nén-laminated face by polishing,
grinding, or a like mechanical method. Then the
15 remaining first substfate is selectively etched Wi#h an
etching solution to bare the entire face of the p** Si
layer having been buriéd in the first substrate. For
the etching, an alkaline etching solution is employed
such as ethylenediamine pyrocatechol, and KOH, whereby
20 the selective etching occurs owing to the difference in
the impﬁrity concentration. Then the bared p'* Si layer
is selectively removed by selective etching with a
mixture of hydrofluoric.acid, nitric.acid, and acetic
acid in the same manner as ;n the above Lasky's method
25 to obtain the second substrate having thereon only a
monocrystalline silicon layer of low impurity -

concentration. In such a method, selective etching is



-9- the second wafer. In this Lasky's nmethod, it is

difficult to leave the epitaxial silicon layer in a uni form t hi ckness
on the entire face of the wafer since _ jgtbhe ratio of the etching rate
of p[err] silicon to that of 5 the epitaxial (p or n) silicon is as

| ow as several tens. To solve this problemthe etching is
conduct ed twce. Onto a face of a silicon wafer of low inpurity
concentration as a first substrate, were lamnated a p[err] 10 Si Iayer
and a | ayer of kapeafpdrtivp oonmemer atimeB. to improvéi sheubséralk i s

| am nat ed on a second substrate simlar to the aforenenti oned one.
The first substselectivity asdt tonAamgravet tbenehy| thenahdfofattybgf

pol i shi ng, grinding, or a |like mechanical nethod. Then the 15

remai ni ng firsttbabgvrﬁaéei§iséB¥§FiVbi?kee§ﬁe§nmﬁﬂh an et chi ng
solution to bare the _entire face of the p ;err Si | ayer havi ng been
buried in the first S0QWSVeER: einfFshe thln ithe éPEﬁPﬁgonahYaFﬂbFFﬁéV@tchlng
solution i rocat echol, and KOH,

wher eby 2% enp%ﬁéﬁgaﬂe8¥lvElgﬁéﬁPﬂg EﬁgﬁgaggbggﬂgéﬂgraF+?ﬁrence in
b coptisiane e LB Lo g o
hydroflqoric aCgghs@k&%écagchgntgggeacSLB%e, the' selectivity of the
etching is affected greatly by the profile of the
impurity concentration in depth direction, as readily
10 anticipated. That is, -in heat tréatment at a high
temperature to strengthen the bonding of the wafers
- after lamination, the distribution of the impurity of
the buried layer broadens to lower the etching
selectivity and to deteriorate the uniformity of the
15 layer thickness. Therefore, the heat treatment after
the lamination must be conducted at the témperature not
higher than 800°C, and further the repeated etcﬁing is
expected to be not satisfactoiily controlled in mass
production owing to low selectivity ratio in respective
20 etching steps.

In the above methods, the selectivity of the
etching is achieved by difference in impurity
concentrations or in impurity compositions. Yonehara,
one of the inventors of the present invention,

25 disclosed a novel process therefor Japanese Patent
- Laid-Open Application No. 5-21338 (EP Publication No.

0469630-A). The process of Yonehara for preparing a



acid in the sane manner as in the above Lasky's nethod 25 to obtain the

second substrate having thereon only a nmonocrystalline silicon |ayer
of low inpurity concentration. In suych a nethod, selective etching
s ' - 10 - repeated two or
nore tines to inprove the overall selectivity and to inprove thereby
the uniformty of the surface Si |ayer thickness on SO.

However, in the thin filmformation by selective 5 etching by utilizing
the inpurity coseriddmduc®tor membexli ¢dmprices othé hetepsposi foxminyy fd er ence
of the substrate as nentioned above, the selectivity of the

etching is af f enersteyyriaving by ndmperods | mondcryetalline $¢mim¢m®uctor
concentration in depth direction, as readily 10 anti ci That is,

in heat treatnen%gﬁmnaDM|@wpor0us noRe@EYtalbine %@m%#eﬂéhﬁlqme bondi ng of
t he wafers after. lamnation, the distribution of the inpurity of

the buried Iaye?e%%del?%“‘ibngom ?‘H‘éf%‘t’%h?f‘\ga member (f i t¥hand to
deteriorate the uniformty of- yer thickness. Therefore t he.
heat treatPent 3Y¥fqce is c°?$ﬁ4?%ﬁﬁﬁa?fdﬂ“nh%?“ tE%%dﬂ%?%&P%ﬁet%%

t t t t han 800[ err] C th ted
etching is theemm% R the rieneatour HRRSTTYSHRH TR | ca | mase

production ow ng.{ ool i SE5E LY, ranaoréaoéfége&évgorgus et ching
monocrystalline seﬁiconductor region by etching. This
process utilizes the etdhing selectivity between a

10 porous monocrystalline semiconductor region and a
nonporous monocrystalline semiconductor region, and is
suitable for produéing an SOI substrate, for example
with an active silicon layer having a uniform layer
thickness. By this method, a selective etching can be

15 realized with a selectivity factor of as high as 100
thousands 6wing ﬁo the difference in structure of the
porous silicon having a large surface area per unit
volume of, for example, 200 m?/cm® from that of
nonporous silicon.

20 In this process, the selectifity is so high that
_the uniformity of the epitexially grown monocrystalline
silicon is reflected in the thickness uniformity of the
resulting SOI layer without any adverse effect of
etching against the uniformity. Therefore, use of a

25 commercial CVD epitaxial growth apparatus realizes the
uniformity of the wafer thickness, for example, in the

range of from 14%; or *2% or less, in an S0I-Si layer



In the above nethods, .the selectivity of the etching is achieved by
difference in inpurity concentrations or in inpurity conpositions.
Yonehar a, one of the inventors of t present invention, 25

di scl osed a novel process therefor Japane Pat ent , Lai d- Open
Application No. 5-21338 (EP Publication No. 0469630-A). The process
of Yonehara for preparing a sem conduct or nenber conpri ses
the steps of formng a menber havi ng a nonporous nonocrystalline

sem conduct or  g31go. I €Hh OPhHE FrolESs!S fﬁ@%ﬂ&i@@iﬁfc&emmﬁwﬁ or
regi on, bonding the surface of a menmber of which the surface is

constituted.of afpidped aihNSe FedEive Gk ©ion 1n.ﬂ'-‘fl&)§uié agsedlad hene
nonpor ous nonocrystalline sem conductor region, and renoving the

por ous NOSOCHEE t b tePa B LM TEChiEd 08, e otystE higignothi s

process utilizes the etching selectivity between a 10 por ous

nonocr yst al | i nel seirtedntocdloout e5HpdDN tand @ lower prrpsi oy ofroalsoutys2@R | i ne
sem conductor region, and is suitable for producing an SO substrate,
for exanpl® is pathennsattablesi |$inge | e rpdeous sl igon cksnnelyer
thickness. By this nethod, a selective etching can be 15 realized with a
selectivity f actplededsimi e ofingb constityfing arrkenigdhg thet he

difference in structure of {he
influences of warpage or distortion is mitigated, and

the structure change of porous silicon and coarsening
of the pores are acceptable provided that the etching
10 selectivity is not impaired. Therefore, the
temperaturg for the epitaxial growth is not limifed to
900°C or lower. The process for preparing SOI
structure disclosed in the aforementioned Japanese
Patent Laid-Open Application No. 5-21338 is named
15 ELTRAN by Yonehara (T. Yonehara, K. Sakaguchi, and
. N. Sato, Appl. Phys. Lett. 64 (1994) p.2108). In this
process, the epitaxial growth of nonporous
monocryétalline silicon on porous silicon is a very
important step, and reportedly under certain growth
20 conditions a lamination defect density in the epitaxial
silicon layer on the porous silicon can be 10° to
10*/cm?. In the ELTRAN process, the defects in the
formed SOI wafer are mainly the 1amiﬁation defects.
Sato, et al., the inventors of the present |
25 invention, conducted epitaxial growth on the porous
layer for ELTRAN by CVD (chemical vapor deposition) in-

a hydrogen atmosphere by using SiH,Cl, as the source gas



porous silicon having a | arge surface area per unit vol unme of, for
exanple, 200 nferr]/cnferr] fromthat of nonporous silicon. 20

In this process, the selectivity is so higfpthat the uniformty of
the epitaxially grown nonocrystalline silicon is reflected in the

t hi ckness uniformty of the resulting SO |ayer w thout any adverse
ef fect of etching against the uniformty. Therefore, use of a 25
comercial CVD epitaxial growth apparatus realizes the uniformty of

the wafer thickpesssat8! RXasBk&guéhi! he. Yamagafangﬁ.ofujipamé@baﬁa 2% or
l ess, in an SO -Si Iayer 12

al so. In this procesaehahe, pprods of | tisensebesthi Bnt. Sympenqﬁ'xOSEﬂld:dm

sel ective oxidation in FIPOS i's used as the etched materi al .
Therefore, the patesit§cis and Tech., $emicemdectabodilicéfn but a | ower
porosity of about 20% 5 Is rather suitable. Since the porous silicon
i s not |heeuueugtnnth@h¢|ﬁh¢ctcmsm¢mut$mg nbnes i al994 hep.443).

i nfluences of warpage or distortion is mtigate and the structure
change of PorouBhsjPrebaking teoBPeEatwEe was 10%@ @hea%%rE%ea9€Y§E@éptable

provi ded that the etchi selectivit not aired. Therefore,
t he terrp%F‘é‘t’EPet?'gPefﬂE“E‘Bl‘t’%ﬁi 290 g?%v@ﬁlol% n gl ¢hyesg Righer

00[err]Cor 1 opel, {h8sR 05°8Snt e POSRE H¥08Y However, the

coarsening of the porous silicon layer structure was
nearly completelﬁ prevented by preoxidation (400°C, one
10 hour,'in 0,). They showed that the.defects caused in
the epitaxial layer were mainly lamination defects and,
for decreasé of the lamination defects, effective are
hydrogen prebaking prior to the growth in the epitaxial
growth furnace to decrease the ﬁumber of pores on the
15 surface of the porous silicon by four digits (from
10**/cm? down to 107/cm? or less), and HF dipping
immediately before the introduction of the substrate
into the epitaxial growth furnace to decrease of the
oxygen concentration in the vicinity of surface of the
20 porous layer. By lengthening the time of HF dipping,
the lamination defect density was lowered in the
epitaxial silicon layer on the porous silicon to the
level of 10°-10%/cm?, with a éertain lower limit. On
the other hand, it was suggested that the remaining
25 pores on the surface of the porous silicon after the
| hydrogen prebaking becomes the seeds of the lamination

defects. The growth rate was generally higher than



structure disclosed in the aforenenti oned Japanese Pat ent Lai d- Open
Application No. 5-21338 is naned 15 ELTRAN by Yonehara (T. Yonehara, K
Sakaguchi, and N. Sato, Appl. Phy§.l&e1t. 64 (1994) p.2108). In this
process, the epitaxial growh of nonporous nonocrystalline silicon
on porous silicon is a very | nportant step, and reportedly under
certain growth 20 conditions a |am nation defect density in the

epi t axi al silicon layer on the porous silicon can be 10[err] to

10[err]/cn{err]10¢nnﬁy§1§LTF@ehgfggg§s thae18R{ 85t Soh "déPEcts are forned
SO wafer are nmainly the [am nation defects. Sato, et al., the

inventors of thgoRse§erea €6 cauSéVgaésQBlyC@Qﬂ@ﬁi@ﬂaeﬂbﬁadfa| growt h on
t he porous | ayer for ELTRAN by CVD (chem cal vapor deposition) in

a hydrogen at nodpakeetbycustngnSthi efr the| exifle abayde. solinee gas

- 13 - (N. Sato,. K Sakaguchi, K. Yamagata, Y. Fujiyama, and

T. Yonehara, ProearvéngémesStvanoundntheSiapinahion|defects increases. Sci.
and Tech., Sem conductor Silicon (Penni ngton, The El ectrochem Soc.
Inc., 1994 p.4kegkagescurrent ppeBaRi HYnetipnr ke detertonate| the) B fand
the crystal grow h tenperature was 900 to 950%err C mhlgh wer e

hi gher tﬁbﬂetﬂgsgh?nméﬁﬂ€éﬁ¥lSﬁ5F1?¥FKE?1?Bmk $idere

coarseni ng of the s siljcon | ayer ructure . . .
9 geng affy to Le causég on y when mg@al impurity exists

in the rearrangement portion. Although many reports
have been disclosed on the epitaxial growth on the

10 aforementioned pérous layer, no report is found which
shows the crystal defects of less than 10°/cm’ even by
more sensitive.detection by defect-revealing etching
and optical microécope observation. Although the
probability of appearing the lamination defects of ;03—

15 10*/cm? in a gate region of 1 pm’ is as low as about
0.0001 to 0.0000;, the defect density is high yet in
comparison with a buikisilicon wafer, which can affects
generally the yield of integrated circuits.
Accordingly, the lamination defect density is desired

20 to be further decreased for practical use af the SOI
wafer 6btained by the above process.

For the crystal growth, epitaxial growth method by

CVD is desired which employs a sourcé material diluted
with hydrogen and is capable of achieving thickness

25 uniformity of the epitaxial silicon layer within +4%,
or more preferably within +2%. By use of a usual

commercial CVD epitaxial growth apparatus, the



nearly conpletely prevented by preoxidation (400[err]C, one 10 hour, in
Jerr]). They showed that the defects caused in . the epitaxial |ayer
were mainly | am nation defects and, _ pkor decrease of the |amnation
defects, effective are hydr ogen pre%aki ng prior to the growth in the
epi t axi al grow h furnace to decrease the nunber of pores on the 15
surface of the porous silicon by four digits (from 10[err]/cnferr]
down to 10[err]/cnferr] or less), and HF dipping i medi ately before

the introducti opgefiphmBatSybest@nt can beNllewklRedeBhiaxhal appawaitulsur nace
to decrease of the oxygen concentration in the vicinity of surface

of the 20 PAEYel opfkdt cBst el heniredudea.t i MaeolisEFodi pRDNY,

the | am nation defect density was |owered in the epitaxial silicon

| ayer on the poepitaxilailc@rowdh BPparatus lieveonvenieher slinte[ dtr caeni err],
with a certain lower Iimt. On the other hand, it was suggested that
t he remai ning 2eadilpoeedasget tohes waffage sifzet {6 pocbes <ol Bcdncheser t he
hydr ogen prebaki ng becones the seeds of the |am nation defects. The
growt h rat & wasagéné&eallRy imciesr) -t han '

- 14 - 100 nmmn. Cenerally, the | am nation defects are :
considered to cause PPs$hS PthereMendat iidn wes shown thpg lepgitheningngt h of

t he oxi de | ayer. enent _ar d_the l,.am nation defects

Th .
increases 5 Ofed g@iﬂﬁﬁféﬁ?ﬁ{ﬁp Fﬂ“PUﬁHFigﬁeF8r&ef8FF8 EF%lPWeHﬂ e

the growth furnace is effective for decrease of the
crystal defect density. However, in the HF dipping,

10 the'HF solution may'penetrate locally into the deep
interior of the porous silicon to remove the thin oxide
film formed by preoxidation on the pore walls. This
causes local coarsening of porous silicon, which
retards removal of porous silicon by selective etching .

15 to leave the porous silicon unremoved in an'isiand
state. Therefore, a method has been desired which
decreases.crystal defects in the epitaxial silicon
layer on the porous silicon ih the CVD method by which
a film can be formed with satisfactory layer thickness

20 distribution by feeding a source gas diluted with
hydrogen.

In the aforementioned method in which an epitaxial
silicon layer is laminated on a porous silicon and the
porous layer is removed by etching, any pinhole in the

25 thin epitaxial silicon layer méy cause penetration of
the etching solution into the lamination interface.

This may cause etching of the buried silicon oxide to



time of the mnority carrier, which is considered generally to be
caused only when netal inpurity exists I n the rearrangenent portion
Al t hough many reports have been Qj§ﬁ§Q§ed on the epitaxial growh on
the 10 af orenenti oned porous |layer, no report is found which

shows the crystal defects of less than 10[err]/cnferr] even by nor e
sensitive detection by defect-revealing etching and opti cal

m croscope observation. Although the probability of appearing the

| ami nati on def egdsm Ofoildd €7 rin tHS resdlifid |veid epsdtidh A wtadse rmegi on of 1
[err]nferr] is.as | ow as about 0.0001 to 0.00001, the defect density
is high yet in puried GRI@ErfSIm V6 tpresdnt k may i cawsevaf &l urdiach &an

af fects generally the yield of integrated circuits.

Accordi ngly, thdeviee nbiken A0S ctraleskstor iowiksgi tedin@@bility bef f urt her
decreased for practical use of the SO waf er obtai ned by the above
process. the underlyimg cityeermfacgowt h, epitaxial growth nmet hod by

CVD is desired which enploys a source material diluted wi t h hydrogen
and is capabl e of achieving thickness 25 uniformty of the epitaxial

silicon layer within 498 ] ‘or nore preferably within 2% By use of a
usual c OPYABMARY, | ORNEHE JINVENTION  owt h apparat us, the
e SAU! R34 8¢ °5E "ERE $ROsS5: | ANGLSE1 0% 4 "o RSV A%

process for producing a semiconductor substrate having
a porous silicon layer aﬁd an epitaxial silicon layer
10 having less crystal defects formed thereon.

Another object of the present invention is to
provide a process fo; producing a semiconductor
substrate in which an epitaxial silicon layer is grown
on a porous silicon layer in an appropriate growth rate

15 with less crystal defects.

A furfher object’ of the present invention is to
provide a process for producing a semiconductor
substrate in which an epitaxial silicon layer is grown
on a porous silicon layer in a uniform layer thickness

20 with less crystal growth. |

A still further objec£ of the present invention is
to provide a semiconductor substrate applicable to an
SOI substrate which has an epitaxial silicon layer
having a uniform thickness and less defect density and

25 a buried oxide film having excellent characteristics.

According to a first embodiment of the present

invention, there is provided a process for producing a



devel opment cost can be reduced. The use of CVD epi taxi al growth

apparatus i s convenient since it can

(6 inches to 8

hand, it was shown that |engthening
before introduction into

readily enlarge the wafer size
i nches, 5 and to 12 Lpgggs). On the ot her

f The tine of HF dipping just
the gromh furnace is effective for decrease

of the crystal defect density. However, in the HF dipping, 10 t he
HF sol ution may penetrate locally into the deep interior of the
porous silicon dani&smusctdie dubdtitédhaving 4 IpdRrdud Hshdorpeeoxidation
on the pore walls. This causes | ocal coarsening of porous silicon,

whi ch -1 et Tcdie MM End M Ao dd i dBo &S SEd I MinetEiiitgbn 15 to
| eave the porous silicon unrenoved in an island state. Therefore, a
met hod has beenlaksst rgaxcbwrni thereon, whiessirastdse aidmgiadowtef ects in the

epi taxial silicon | ayer on the porous silicon in the CVD nethod by
whi ch a nonogrysitakl ing raid igarh Janesfis tgraown @tera tlow lgmssth 20
distribution by feeding a source gas diluted with hydr ogen.

In the af ot emer&a e ePHeEtNoked B
| am nat ed on a porous silicon and the

cthath ¥e tdensidlty of remdinigwn | ayer is
orous layer is renoved by

por
etching, any pikffR® 9% the crestal growhh tfageisinqk deredamay cause
t he ehchingpsolution into the lam nation interface.

penetration of
This may cause

10

15

20

25

Rty 8F the BiPPcHheP| thEnNERPEEONS monocrystalline

silicon layer has grown to a thickness corresponding to
the diameter of the pores of the porous monocrystalline
silicon layer.

.According to a second embodiment of the present
invention, there is provided a process for producing a
semiconductor substrate having a porous monocrystalline
silicon layer and a nonporous monocrystalline silicon
layer grown thereon, wherein the nonporous
monocrystalline silicon layer is grown firstly at a low
growth rate controlled such that the density of
remainihg pores on the crystal growth face is not more
than 1000/cm? at the time when the nonporous
monocrystalline silicon layer has grown to a thickness
corresponding to the diameter of the pores of the
porous monocrystalline silicon layer, and thereafter
the nonporous monocrystalline silicon layer is grown at
an increased grthh rate.

According to a third embodiment of the present
invention, there is provided a process fér producing é

semiconductor substrate comprising providing a first



- 16 - formvoids. In the resulting void portion, where no

buried oxide filmis present, may cause failure of a device like a
MOS transistor owing to instability of the underlying interface. 5
SUMVARY OF THE | NVENTI ON An obj &8t “of the present invention is
to provide a process for producing a sem conductor substrate having
a porous silicon layer and an epitaxial silicon |layer 10 havi ng | ess
crystal defects forned thereon. Anot her object of the present

vention 1S {Omomner pALOKEIS BOREALCRBALALBLAA4GL00 31388 JAUE! O

. m .
substrate in which an epi I al rcon lay 0 por ous

i I ' ' 58 3 ndD a1 c I
siilcon layer '%nﬁnaa%BngkbﬂEemShBWEQs%%%gln% si146bR he tfoﬁ¥?hﬁto

def ect s. t her- object” o e present 1 nve S

provi de a procegnek@bn)’ 9dHEhAG1AgS eRLCABABGLBUS silicohlURabEat B¢l Rnwhi ch
an epitaxial silicon |ayer is grown on a porous silicCon layer in a

uni form | ayer tHiekfemembeé? ongbt B keedndr wehndergwdwhhinterposition B£still.
further object of the present invention is to provide a
sem conducBor sabstingudaapphi tapeer prostded on aSOleashsbnet daminaltibas. an
epitaxial silicon |ayer having a uni formthickness and | ess defect
density and 25facegolfuthedfdxisgempimberhandnghex secbudt membeact endsti cs.
According to a first enbodi ment of the present
removing the porous monocrystalline silicon layer by
etching, wherein the nonporous monocrystalline silicon
layer is grown at a low growth rate controlled such

10 that fhe density of remaining pores on the crystal
growth face is not more than 1000/cm2 at the time when
the nonporous silicon layer has grown to a thickness
corresponding to the diameter of the pores of the
porous monocrystalline silicon iayer.

15 According to a fourth embodiment of the present
invention, there is provided a process for producing.a
semiconductor substrate comprising providing a first

'member having a porous monocrystalline silicon layer
and a nonporous monocrystalline silicon layer grown

20 thereon, laminating the nonporous monocrystalline
silicon layer of the firsf'member onto a second member
with interposition of an insulation layer provided on
at least one lamination face of the first member and
the second member, and removing the porous

25 monocrystalline silicon layer by etching, wherein the

nonporous monocrystalline silicon layer is grown at a

low growfh rate controlled such that the density of



I nvention, there is provided a process for producing a

- 17 - sem conduct or substrate having a porous nonocrystalline
silicon | ayer and a nonporous nonocrystal3%$e silicon | ayer grown
t hereon, wherein the nonporous nmonoctystal line silicon layer is
grown at a |l ow growth 5 rate controlled such that the density of
remai ni ng pores on the crystal growh face is not nore than

1000/ cn2 at the tine when the nonporous nonocrystalline silicon

| ayer has of OWdda il GhFSS SRTERSHORAEM [ rowth addierdliAsElferal the

pores of the porous non silTcon | ayer.

According to a eR&PNMOEHROR TN tHY tifR RMR¥ERHhe nonporoméention, there is
provi ded a process for producing a sem conductor substrate having a

porous nonocrysh@hddPPstalline SéiliObn | Bypér Ak gIrOAPOEOUS tIckngssal | i ne
silicon 15 | ayer grown thereon, wherein the nonporous
nonocr yst al | i necertrespondiygrto stige odbamhetst | gf athe paves of thgrowth rate
controlled such that the density of remai ni ng pores on the crystal
growt h fac® is perowprmonocrystahbing (sl tedrrigyen, tanrd t theredtber he
nonporous 20 monocrystal line silicon |ayer has grown to a thickness
correspondi ng tthe HeorpereusrmenrocHesEalbingfsikicon layepoiggrown at
nonocrystalline silicon |ayer, and thereafter
an increased growth rate.
The present invention further relates to a
semiconductor substrate producgd by the process for
10 producing a semiconductor substrate.
According to a fifth embodiment of the present
invention, there is provided a semiconductor substrate
having a porous monocrystalline silicon layer and a
nonporous monocrystalline silicon layer formed thereon,
15 the nonporous monocryétalline silicon layer having
crystal defects in a crystal defect density of less
than 1000/cm?.
According to a sixth embodiment of the present
invention, there is provided a semiconductor substrate
20 having an insulation layer and a nonporous .
monocrystalline silicon layer formed thereon, the
nonporous monocrystalline silicon layer having crystal
defects in a crystal defect density of less than
1000/cm? and layer thickness uniformity within +4%.
25 : The present invention enables reduction of defect

density in the nonporous monocrystalline silicon

crystal to about 1000/cm?® by controlling the growth rate



t he nonporous nonocrystalline silicon |ayer is grown at an increased
gromh rate. 25 According to a third enbodi nent of the present

i nvention, there is provided a process ﬂpgwp[pducing a sem conduct or
substrate conprising providing a first ’

- 18 - menber having a porous nonocrystalline silicon |ayer

and a nonporous nonocrystalline silicon | ayer grown t her eon,

| am nating the nonporous silicon |ayer of the first nenber onto a

second nember Wi hnbRHEFERS| £1PIcd®h layer tdbéd NEdth ald©Ntd ayglis@r ovi ded on
at |l east one | am nation face of the first nenber and the second

menber, and nuclé&R0¥bhgatbenpor ous nonocrystalline silicon |ayer by

et ching, wherein the nonporous nonocrystalline silicon | ayer is
grown at a | ow gr owt hutehércint thé | preserctt idventidmi the geoswthyisf
remai ni ng pores on the crystal grow h face is not nore than

1000/ cnferr] atcoherdlledwhenbe at a lde r@tporotstsicacss hagkeupas gr own
to a thickness corresponding to the diameter of the pores of the
por ous nondcrysfarhahioni incan {ajtial period of e FEPWEr: @29 fourth

enbodi nent of the present i nvention, there is provided a process for
produci ng a ther@éﬁ?%ﬁnﬂh%t%F°§EBS%$a?%1%%m$rF%i?Eﬁ%ﬁ%ﬁiﬂ?n@ a first

menber havi ng a porous. nonpcrystalline siJicon | ayer
) g conventional manner, Qhereby the g#bwth proceeds at a

usual rate, and yet the crystal defects are reduced.
The reduction of the crystal defects, decrease of the

10 boron concentration, ard prevention of coarsening of
the porous structure are simultaneously achieved by the
initial growth of nonporous monocrystalline siiicon afﬁ
a low rate not to cause nucleus formation and
subsequent growth for layer thickness at a low

15 temperature.

Further in the present invention, the surface
roughness'of the epitaxial silicon layer on the'porous
silicon layer is reduced, thefeby bonding strength of
the laminate being increased and occurrence of local

20 defective bonding being decreased significantly.
Furthermore, in the growth at a low rate to avoid
nucleus formation, the introduced atoms diffuse on the
surface more rapidly than the growth, whereby
occurrence of pinholes caused by fine foreign materials

25 is prevented.

| By 'the brocess for producing a semiconductor

substrate of the present invention, an SOI substrate



and a nonporous nonocrystalline silicon |layer gromm 20 thereon,

| am nating the nonporous nonocrystalline silicon layer of the first
menber onto a second nenber with inferposition of an insulation

| ayer provided on at |l east one |am™Tation face of the first nenber
and t he second nenber, and renoving the porous 25 nonocrystal |l i ne
silicon | ayer by etching, wherein the nonpor ous nonocrystalline
silicon layer is grown at a | ow growth rate controll ed such that the

density of can be prepared which has an SOI strd®ure having Ie€naining
pores on the crystal growh face is not nore than 1000/ cnferr] at the

tinme when the nenpotdlisdefect dEMOLEtY SHRllese Ghan CIT00 LoifT wiah Fetwn to a
t hi ckness corresponding to the dianmeter of the pores of the 5

por ous nonocrystalds neassed don piayleslesiralt t tiee eiterface of Wdwadiranpor ous
nonocrystalline silicon |ayer is grown at an increased growh rate.
The present i nveithout fpinkekes elmthe thunied oxideefibwnduct or substrate
produced by the process for 10 produci ng a sem conduct or substrate.
According Yo a fiftHTheiRRE eubstfatacrprduced by the prpeess @of there is
provi ded a sem conductor substrate havi ng a_porous nonocrystalline

! ! por |
silicon |ayer oRfPEent inveninp RAg ol rdefest i drnstty anf |uREfoF®r ned

thereon, layer thickness, and has no pinholes in the buried

oxide layer advantageously, which is different from
SIMOX. This is because the heat oxidation film formed
10 on the second member can be employed as a buried

insulation layer in the SOI structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows dependency of the lamination defect

15 density on the growth rate.

Fig. 2 illustrates schematically a sectional view
of a porous silicon having been heat-treated in
hydrogen, and distribution of the adsorption site
density at the surface.

20 Figs. 3A to 3E illustrate stebs of an epitaxial
silicon layer formation on a porous silicon in a
conventional method.

Figs. 4A to 4E illustrate steps of an epitaxial
silicon layer formation on a porous silicon according

25 to the present invention.

Fig. 5 shows the time for reaching the prescribed

vacuum of monocrystalline silicon layer grown to a



15 t he nonporous nmonocrystalline silicon |ayer having crystal
defects in a crystal defect density of |ess than 1000/cnferr].
According to a sixth enbodi ment of the p{gﬁgnt i nvention, there is
provi ded a sem conductor substrate 20 ving an insulation |layer and a
nonpor ous. nmonocrystalline silicon |ayer forned thereon, the

nonpor ous nonocrystalline silicon |ayer having crystal defects in a
crystal defect density of |less than 1000/ cnierr] and | ayer thickness

uni formty withif; dfhesScorrespondfBgPtE8Sent L8¥§8&L0PoLaal! Sfetadussi on
of def ect density 1 n the nonporous nonocrystalline silicon

crystal to abouj #QRQt£8hebE] gBYwERNEABELI NG the growth rate
- 20 - of nonporous Silicon |layer to be | ow not to cause

nucl ear formation. Fig. 6 showSUth&etemnaihlbrgppesendensieptasna the growth
IS controlled to be at a low rate not to cause nucleus 5

formati on i n anfunctiah @€rtbe gfowhb gateth, and thereafter the
growh is allowed to proceed in a conventi onal manner, whereby the
growt h proBeeds at aFigs. 73stal 7Eaidlughdayet schematjcahly dexaspiesre
reduced. The reduction of the crystal defects, decrease of the 10
boron concent r af otihe apEOERES cPF oRT BAUEIRE s ERengepiconductor

substrate of the present invention.

Figs. 8A to 8G illustrate schematically another

examples of the process for producing the semiconductor
10 substrate of the presént invention.

.Figs. 9A to 9G illustrate schematically still
another examples of the process for producing the
semiconductor substrate of the present invention.

Figs. 10A and 10B illustrate schematically

15 examples of the anodation apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Thé process for producing a semiconductor
substrate of the present invention is constituted as
20 described above. The process of the present invention
is characterized in that the nonporous monocrystalline
silicon layer is grown initially at an extremely low
growth rate on a porous monocrystalline silicon layer.
The process for producing a semiconductor substrate of
25 the present invention is applicable to production of an
SOI substrate. Since the SOI substrate sf high qualify

is demanded widely and earnestly, the present invention



the porous structure are simultaneously achieved by the initial

grow h of nonporous nonocrystalline silicon at alowrate not to
cause nucl eus formation and subsequent growth for |ayer thickness at
alow 15 tenperature. Furt 7in the present invention, the
surface roughness of the epitaxial silicon |ayer on the porous
silicon layer is reduced, thereby bonding strength of the I am nate
bei ng i ncreased and occurrence of local 20 def ecti ve bondi ng bei ng

decreased si gniifﬁ' %{Sﬁllfé’ined below Y @{Mﬁgﬁé%é %egwtdle’g add Wy ate to

avoi d nuc ormation, the intro at ons fuse on the

surface nmore 1 aidl jhditbdd) & O he E)ré@%ﬁfte%vention Qi WHeence of pinhol es
caused by fine foreign materials 2 I's prevent ed. By the

process for prghsdutiton 8% G EOE Hubstrate.substrate of the present

I nvention, an SO substrate - 21 -
can be prepared whi dhégraressOfodt miiducdi niga\am$GOI substratst atulbfeatt
density of less than 1000/cnierr] with few voi ds caused by pinhol es
at the interfady dhehdindientors of the pngsentnligiventiion lconprisas oxi de
film 5 The SO substrate produced by the process of the

present invent ixsWahHy £Yeps Rf amkingh fanpush@ merasmyistalline

silicon substrate, growing epitaxially a
monocrystalline silicon on the porous silicon layer,
laminating the substrate having thereon an epitaxial

10 monocfystalline silicon £film onto another substrate,
and removing thelporous silicon layer. An exaﬁple of
the process- for producing such an SOI substrate is
described by reference to Figs. 7A to 7E and Figs. 10A
and 10B. |

15 A monocrystalline silicon substrate 100 is
anodized to form a porous silicon 101 (Fig. 7A). The
thickness of the porous silicon layer may be several to
tens of angstroms on one face of the substrate.
Otherwise, the entire silicon substrate 100 may be

20 anodized.

The process for forming porous silicon is
described by reference to figs. 10A and 10B. A P-type
monocrystalline silicon subsfrate 600 is employed as
the substrate. If an N-type one is used, it is limited

25 to the one having a low resistance, or to be used under
light irradiation to accelerate the holé formation.

The substrate 600 is set on the apparatus shown in



| ayer thickness, and has no pinholes in the buried oxi de | ayer

advant ageously, which is different from SIMOX. This is because the
heat oxidation filmformed 10 on the segond nenber can be enployed as a
buri ed i nsulation layer in the SO “structure. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows dependency of the

| am nation defect 15 density on the gromh rate. - Fig. 2
illustrates schematically a sectional view of a porous silicon
having been heaizd I ep£tsidh that ol HRUEHE aiHk duiidtdiued ok ofn t he
adsorption site density at the surface. 20 Figs. 3A to 3E

il lustrate stepsowfad® PtH axXimyydrofluorist ldciah typeersdlortgdn aim ovhischpor ous
siliconin a conventi onal rmet hod. Figs. 4A to 4E
illustrate steps wégativpi ébedctitode 606 iss [pmwnidesl eand crhmmtothrenfaceor ous
silicon according 25 to the present invention. Fig. 5 shows

the time for reathiimg swiesprateribheh contactiouibh ¢ pRSIVEYstRgtahe
silicon layer grown to a - 22 -
t hi ckness Torr ee}rmiErede « o QrheTwisRstthrROSh b legtrode 605t \BRY | on of
growth rate. be electrically connected through a solution 604' with
the substrate as shown in Fig. 10B. -In any way,
porosity formation is caused on the face in céntact
with a hydrofluoric acid type solution at the negative
10 electrode side. ‘fhe hydrofluoric acid type solution
604 is usually a concentrated hydrofluoric acid
solution (49% ﬁF). Dilution of the concentrated
hydrofluoric acid'with pure water is not preferred
since etching will occur at a concentration lower thgn
15 a certain level depen&ing on the applied electric
current. Bubbles which are formed on the surface of
the substrate 600 duriﬁg the anodization can be removed
effectively by addition of an alcohol as a surfactant.
The alcohol includes methanol, ethanol, propanol, and
20 isopropanol. Instead of adding the surfactant, the
solutidn may be stirred by a stirrer during the
anodization. The negative electrode 606 is made of a
material resistant to the hydrofluoric acid solution
such as gold (Au) and platinum (Pt). The positive
25 electrode 605, which may be made of a generally used

metallic material, is preferably coated on the surface

with a metal filim resistant to the hydrofluoric acid



Fig. 6 shows the remaining pore density as a function of the growth

rate. 5 Figs. 7Ato 7E illustrate schematically exanpl es of
t he process for producing the sem conductor substrate of the present
i nvention. Figs. 8Ato 8G illust?ate schemati cal | y anot her
exanpl es of the process for producing the sem conductor 10 substrate of
the present invention. Figs. 9Ato 9Gillustrate schematically
still anot her exanpl es of the process for producing the

sem conduct or SUb%%%:f$%g$¥éﬁgigﬁg§fgtaé?aegﬁ*g?%on 604 reach&s 9he 10A and

10B illustrate ¢ exanples o e anodat1 on appar at us.

DESCRI PTI ON CFng%%%g%%?gg%ﬁi%f%ﬁéﬁ%g%“E§ the enﬁire JPetﬂé9§@§§tf9%e.

produci ng a se trate of the present invention is

constituted as 8§ nadesGhéPed BEONRoaiZE8. PrPRESE1EELENE QuLBERE | nvention
I's characterized in that the nonporous nonocrystalline silicon | ayer

is grown initialh¥eAsity £+ €HB! §ndb@ization igrAvthmore etban as@oenad

nonocrystalline silicon |ayer. The process for producing a

sem conducgor shusdrademdfcm?25 butt hiss praasethamasxad.on The ayiresdbl e t o

production of an SO substrate. Since the SO substrate of high

qual ity istdnshtvedswsebegteddwithinsshoh ahvapgesthati Bhenti on

e epitaxial growth will occur satisfactorily on the
external face of the formed porous silicon layer.
Generally, at the higher inténsity of the current, the

10 anodization proceeds at the higher rate and the formed
porous silicon layer has a lower density with a larger
pore volume. Thereby the epitaxial growth conditions
are varied. On the porous layer 101 formed as above, a
nonporous monocrystalline silicon layer 102 is allowed .

15 to grow epitaxially (Fig. 7B).

The method for forming the nonporous
monocrystélline silicon layer is the important éoint of
the present invention, and is.described later in
detail.

20 Then the surfade of the epitaxial layer 102 is
oxidized to form an SiO, layer 103 (Fig. 7C). (The
oxidation process includes thermal oxidation.) If the
epitaxial layer is laminated directly to the supporting
substrate in the subsequent step, impurities are liable

25 to segregate at the lamination interface, and dangling

bonds of the'atoms at the interface tends to increase

to render unstable the properties of the resulting thin



I s expl ai ned bel ow on the basis of the studi es nmade by the inventors
of the present invention on the production of an SO substrate.

The process for producing an SO substrate,studied 5 by the inventors
of 't he present invention conprises t ughly steps of maki ng porous a
nmonocrystalline silicon substrate, growing epitaxially a
nonocrystalline silicon on the porous silicon |ayer, | am nating the
substrate having thereon an epitaxial 10 nonocrystalline silicon film

onto anot her SU?§iﬁa&év1ce. ThéﬂéféfanvtﬂﬂstQGrPQ&QUéx§a££E8H bayer. An
exanpl e of : t he process for prodicing such an substrate is

described by reten@ii€feiothi 88£sét tRe7EbEGE Eigédvéﬁeages. TRl 10B. 15
A nmonocrystalline silicon substrate 100 is anodi zed to form a porous

silicon 101 (Figxidd&rionhstep is nbbi akspefsabléecan@rpay Bél bfiovtéayer may
be several to tens of angstrons on one face of the substrate.
Qtherw se, the bptempleyingoa dabsteatenibfbuotyohein@hichnndi zeduble

The process for form ng porous silicon is descri bed by reference to
Figs. 10A and 108 caufedybg the abowenpbepemehsi neThel$10n layest rlAAE 600 is
enpl oyed as the substratée. If an N-type one is used, it is limted
25 to the ongeR¥SFn@SaNohrruipsianctayer o6 bee  SQH swpstrate. | i ght

irradi ation to accelerate the hoIe f or mat i_on. The substrate 600 is
set on the appaT ?u§n§“bﬂﬁl?ﬂ layer should be formed on at least one

face of the substrates to be laminated together. The
insulation film can be formed in various ways. The

10 oxidation film, when it is formed, is controlled to
have a thickness sufficient to prevent contamination of
the lamination intérface from the external air.

Separately from the above substrate 100 having the
oxidized epitaxial face, a supporting substrate 110 is

15 provided which has an SiO, layer 104 on the surface
thereof. fhe supporting substrate 110 is exemplified
by a silicon substrate which has been oxidized at the
surface (including thermally oxidized one), quartz
glass, crystallized glass, any substrate onto which SiQ,

20 has been deposited. A silicon suﬂstrate may be used
which does not have the Si(S2 layer 104. .

The above two substrates, after cleaning, are
laminated together (Fig. 7D). The cleaning is
conducted similarly as in usual cleaning of a

25 semiconductor substrate (for example, cleaning prior to
the oxidation).

Pressurization on the entire face of the substrate



- 24 - Fig. 10A such that one face of the substrate is in _
contact with a hydrofluoric acid type solution in which a negative
el ectrode 606 is provided and the other face of the substrate is in
contact with a positive metal 5 electtde.- Otherwise, the positive .
el ectrode 605 may be el ectrically connected through a solution 604
W th the substrate as shown in Fig. 10B. In any way, porosity
formation is caused on the face in contact with a hydrofluoric acid

L Pe SOl it on Metér Rgadthadln 1€ SIS AS: SAEIMLRLIGOIE 201 ¢

type sol ution IS usua a concentra

sol ution (49% HRdmikd+idh Bodidde concentrated . hydrofluorlc aci d
wWith pure water is not preferre since etching will occur at a

concentration | ower th@manfnate %ﬁ%ﬁ@@hﬁﬁ&%té@%%é@t%éé‘@a@wued
electric current. Bubbles which are formed on the surface of

the substrate Gflgier i tgnpdiatnssi ratprafaarededemeheat treffdaeti vely
by addition of an al cohol as a surfactant. The al cohol includes

net hanol , ®t haridweysopaawl|exceabivily highrempsrdturd nsdreashude addi ng t he
surfactant, the solution may be stirred by a stirrer during the
anodi zati on. Thetrugturalk change oife 866 porousidayerm 101, or rhiffusion

resistant to the_ hydrofluoric acid solution
of an impurity from the substrate to the epitaxial

layer. Therefore, the temperature and the heating time
are selected such that the above disadvantages are not
10 caused. Specifically; the treatment temperature is
preferably in the range of from about 600°C to 1100°C.
Some substrates are not capable of enduring heat
treatment at a high temperature. For example, a quartz
glass as the substrate 110 is required to be treated at:
15 a temperature lower than about 200°C because of the
- difference of the thermal expansion coefficient of
quartz from that of silicon. Above that temperature,
the 1aminated substrates may come to be separated or
cracked by stress. The substrates after the heat
20 treatment are required only to be resistant to the
stresses in polishing or etching of the bulk silicon
100 in the subsequent step. Therefore, the process can
be conducted by optimizing the surface treatment
conditions for the activation even at a temperature of
25 200°C or iower.
Subsequently, the silicon substrate portion 100

and the porous layer portion 101 are selectively



such as gold (Au) and platinum (Pt). The positive 25 el ectrode 605,

whi ch may be made of a generally used netallic material, is
preferably coated on the surface Widh a netal filmresistant to the
hydr of | uori c acid - 25 -

since the hydrofluoric acid solution 604 reaches the positive

el ectrode 605 if the entire of the substrate 600 has cone to be
anodi zed. The electric current intensity for the anodi zation is not
nore t han severeémoved, hledk it NtMe et tdxidutgrawtiorlagdani@2ro. The
current intensity is selected within such a range that the

epi taxi al gr owdnyehdved c{Figat7Bf acttrs yanrS@hesubstratxihasdledmce of
the formed porous silicon |ayer. Cenerally, at the higher intensity.
of the current,pxepardd. anodization proceeds at the higher rate and the
formed porous silicon |ayer has a |ower_density with a |arger

pore vol une. Ther eby® RAGHFIQX &P @%m@%‘rﬂﬁﬁqﬂﬂg‘i stepsy thBaried. On

t he porous_layer 101 foynmed aszéyove rous nonocrystalline

silicon |ayer 1¥%°PS RFIOHALY 1 rthey 3?%\/6:%‘&‘?‘%? 11y (Fig. 7B).
o the. i mpor t ant L poPREesFEor SELgEr pome TR et et oufld idticecr i bod.
later in (ggégﬁldation):
In the porous silicon layer, the walls between the
adjacent pores afe extremely thin in a thickness range
10 of from several nanometers to tens of nanometers. The
extremely thin pore walls may coalesce to form thick
walls and block fhe pores in high temperature treatment
of the porous layer such as in epitaxial silicon layer
formation, and heating after substrate lamination, thus
15 lowering the etching rate. The thiekening of the pore
walls and coarsening of the pores can be retarded by
forming a thin oxide film on the pore walls subsequent
to the porous layer formation. However, the oxidation
should be limited to be at the surface of the inner
20 walls of the pores to keep the monocrystallinity in the
interior of the pore walls because the nonporous
monocrystalline silicon layer is to be grown
epitaxially thereon. The‘thickness of the formed oxide
film ranges preferably from several angstroms to tens
25 of angstroms. Such thickness of the oxide film is
formed by heat treatment in an oxygen étmosphere at a

témperature ranging preferably from 200°C to 700°C,



20 Then the surface of the epitaxial l[ayer 102 is oxidized to
forman Sigerr] layer 103 (Fig. 7C. (The oxi dation process

i ncludes thernmal oxidation.) If the - 2&pitaxial layer is |am nated
directly to the supporting substrate in the subsequent step,
inmpurities are liable 25 to segregate at the lamnation interface, and
dangl i ng bonds of the atons at the interface tends to increase

to render unstable the properties of the resulting thin _ _

- 26 - moifé | préeat-&1y ThB0 ef ot®, sodt . surface oxidation is _
conducted to offset the above di sadvantages. This oxi dation step is
not di spensabl e(2 ardydmeygére bakingd by enpl oyi ng a device
construction in which no trouble 5 i s caused by the above phenonena.
The Siderr] |ayer 108 was showrrh¥sthe imvemtemsitdoHrthenypresgnt he SO
substrate. The insulation |a er shoul d be fornmed on at |east one
face of the sub%%Y%RE%P%oi%éE?a§$ 2R 1 TRt hkkne Thrregularitysef st ion film

be f d in, various he oxidation film when it is
ngPrreg, ?gg‘gonﬁ’o]r’r‘é%f‘t%“l\l\?gce c%v‘ée ar?'PFP‘é‘l‘(‘?ne%% hea¥ |1'c‘|'%§f‘im?’bt pFRvRnt

' t terf th t | air.
Separatety Po%x%EO%%%V%@rgm%?ﬁ%e*%B@i‘ﬂaﬁéma‘%rmff SacStt 4 e

epitaxial face, o @ sHppOr Ll SUASHAG! 1&%yérogen a Bl S ePeV@ACh has an

Si2 |ayer 104 O the surface _
applicable also in the present invention. For example,

the hydrogen baking can be conducted after porous
10 silicon layer fofmation and before epitaxial silicon
layer formation. Otherwise, the hydrogen baking may be
conducted for SOI substrate obtained by removal of the
porous silicon layer by etching. In the hydrogen
baking conducted prior to the epitaxial silicon laygr
15 formation, the silicon atoms constituting the surface
of the porous silicon migrate to block the outermost
portion of the pores. ‘With the pores blocked at the
outermost portion, the epitaxial silicon layer will be
formed with less crystal defects. On the other hand,
20 in hydrogen baking after the etching removal of the
porous.silicon layer, the epitaxial silicon surface
roughened somewhat by etching is smoothened, and boron
incorporated unavoidably in the bonding operation from
the clean room into the lamination interface is driven
25 off.
The cause is not elucidated of occurrence of

crystal defects in the epitaxial silicon layer on the



t hereof . The supporting substrate 110 is exenplified by a silicon
substrate which has been oxidi zed at the surface (including
thermal |y oxidi zed one), quartz al agg,_crystallized glass, any
substrate onto which SiJerr] 20 has been deposited. A silicon
Substrate may be used whi ch does not have the SiJerr] |ayer 104.
The above two substrates, after cleaning, are | am nat ed t oget her
(Fig. 7D). The cleaning is conducted simlarly as in usual cleaning

of a 25 SenaRenPhEh S s$VDEbH agLowh Oby ERDOE, tigd ERIk&InePthed. t O

the oxidation). Pressurization on the entire face of the
substrate However, the primary factor for intrdduetion of theafter the
| am nation is effective for strengthening the | am nati on "bondi ng.
The | am nat e oflahinatbenrhaperidefieatstisatensidered to e gtiee ¢reopthat ure
Is preferred for the heat treatnent. 5 However, an excessively high

t enper at ure carPRatRe porous kaye¥:usincenhsweR itreduebieonsofatee 101, or

di ffusion of an inpurity fromthe substrate to the epitaxial
| ayer. The?ef orer¥$Halidaperttuie anh oheervad i iy an ppitaxially (gxeVRact ed

h that th di sad are not 0 caused, ., Specifically, the
f?gatneﬁt teﬁpe %%%?eé$2av 3i€g§%f%¥e?%§?§ %?Ft?ﬁp?ékﬁﬂéiﬁl ?%n1a£5uf¥

600[err1C to 11§é%§%£é§;that after hydrogen prebaking and prior to the
epitaxial growth, the pores are still existing although
blocking of pores is observed. Therefore, the
10 reméining pores on the ‘surface of fhe porous layer are
presumed to be concerned with the introduction of the
lamination layer defects.
Homoepitaxial growth of silicon on bulk silicpn by
CVD with introduction of a hydrogen-diluted source gas
15 is widely conducted as the essential technique in the
silicon semiconductor process. By this technique, the .
layer thickness can be controlled within the raﬁge of
*4%, or preferably 2% on the entire face of the wafer.
In the research on epitaxial growth by CVD, the effort
20 for the development is focused on formation of
epitaxial layer in several microns py lowering the
growth temperature to prevent autodoping of an
impurity, or increasing the growth rate. Therefore,
few reports are presented on-the growth at a rate of 50
25 nm/min or less which is conducted in epitaxial growth
on poroué silicon.

It was found by the inventors of the present



Some substrates are not capable of enduring heat treatment at a high
tenperature. For exanple, a quartz glass as the substrate 110 is
required to be treated at 15 a tenperatyre | ower than about 200[err]C
because of the di fference of the th&rmal expansion coefficient of
quartz fromthat of silicon. Above that tenperature, the | am nat ed
substrates may cone to be separated or cracked by stress. The
substrates after the heat 20 treatment are required only to be

resistant to th@nventionSt G¥%&eS copRehkhBile Qkpairdhiends0f thi® Rulek
silicon 100 in the subsequent step. Therefore, the process can

be conduct ed by g@iokithi Ziate bhd thel dempeiragzuienat the ind@Adilt seagefl o t he
activation even at a tenperature of 25 200[ err] C or | ower.
Subsequent |y, t lvhesiepitaxisadbgiroatth paet impot@@nt factoasdinhe porous | ayer
portion 101 are selectively - 28 -
renoved, | eavi ndecreagpingathel dgfeats.| afég.102shows ther expeecdmehitgl 7E).
Thus an SO_ substrate has been pr epar ed. In addition to.
the above- @escr FE8¥13Fep?, ephEaxial growlh BE| shLAgnf @Rt POFops conduct ed.

f .nner pore walls _.in porous | ayer reoxi dati on
(1) Qxidation o lnc%n %y means of a gommer01a epltaxlal(growt ):

furnace with SiH,Cl, diluted with H,: dependence of
lamination layer defects on the growth rate at the
initial stage of epitaxial growth. In the experiments,
10 the growth was allowed to proceed at a temperature of
1150°C under an atmospheric pressure. The lamination
layer defect densify_became lower rapidly with decrease
of the growth rate from 20 nm/min. The lamination
layer defects were decreased by a factor of 1/3, or by
15 two digits under certain conditions in comparison with
that of conventional high growth rate systems. This is
probably due to the fact that, at a growth rate lower
than a certain value, the surface diffusion of Si atoms
adsorbed on the surface of the porous silicon is more
20 remarkable than increase of the lé&er thickness, and
the ratio of atoms increasés which are incorporated
into the lattice at the remaining pore portion. In the
hydrogen prebaking prior to the epitaxial silicon
growth, pore blocking proceeds on the surface of the
25 porous layer by diffusion of atoms constituting the
surface. As the results, most of the pores disappeared

which had existed in a diameter of several nanometers



In the porous silicon |layer, the walls between the adj acent pores
are extrenely thin in a thickness range 10 of from several nanoneters
to tens of nanoneters. The extrel @/thln pore wal | s nmay coal esce
to formthick wal | s and bl ock the pores in high tenperature

t reat ment of the porous |ayer such as in epitaxial silicon |ayer
formation, and heating after substrate |lam nation, thus 15 | owering the
etching rate. The thickening of the pore wal I s and- coar seni ng of

the pores can bg r&ddAe0 ¥dhs of narddiidtd¥s at M Hend gy, fdd mgyut he pore
wal I s subsequent to the porous layer formation. However, the

oxidation . 108)heif GriEE Wdrd Rtdctdil edlbdfivres WHeAtddlogehe | nner 20

wal I s of the pores to keep the nonocrystallinity in the i nterior of
the pore wall s dhsmalcing 8y Mogiossolution searmitystclddtmrsilicon | ayer
IS to be grown epitaxially thereon. The thickness of the forned

oxi de f ihivresgrpy pr éfter alBtedtion sewital thexgforowas @hans 25

of angstrons. Such thlckness of the oxide filmis formed by heat
treatnent 3n ant@XEgén &mbﬁ@@%lﬁ, the blogiked RRIR PPEHLPRY Were
preferably fron1200[er Cto 700[err]C

- 29 - QA &%r%ﬁpm[%‘ﬂ@{ RAHHT |Fteps (2)

Hydr ogen baki ng: t he |nventors of the present

i nvention in EFNYARHULISH.E 'lfc? fe qa&‘;&‘&#%‘?oﬁ trpcture became

observable. To confirm the existence of remaining
pores, the substrate immediately after the hydrogen

10 prebaking was taken out from the furnace, and set in a
Roadlock type vacuum chamber, and was subjected to
ultrahigh vacuum. The pressure decrease rate was
significantly low in comparison with a bulk silicon
wafer having no porous layer. Similarly, porous

15 silicon not having been subjected tco hydrogen
prebaking, and a substrate having a 2-pm epitaxial
layer on a porous layer were subjected to the same
test. The time for reaching the vacuum attained with
the bulk silicon wafer was in the order shown below:

20 Porous silicon (prebaked) > Porous silicon (not
prebaked) >> Porous silicon with epitaxial layer (2um)
= Bulk silicon

Therefore, pores are considered to be still

remaining on the porous silicon after the hydrogen

25 prebaking. Figs. 3A to 3E illustrate schematically the
process of blocking of the pores on the éurface by .

hydrogen prebaking. On the site from which the pores



5 silicon surface can be renoved by heat treatnent in a hydr ogen
at nosphere to give extrenely snooth silicon surface. This baking in
a hydrogen at nosphere is applicabl%jalso in the present invention.
For exanpl e, t he hydrogen baki ng can be conducted after porous 10
silicon layer formation and before epitaxial silicon | ayer
formation. Otherw se, the hydrogen baki ng may be conducted for SO
substrat e obtai ned by renoval of the porous silicon |ayer by
etching. In thehdwdrPodbpeared, PEkd $1eeif Wt eshedrduaffdae tpiociid Xl
silicon layer 15 formation, the silicon atons constituting the surface
of the porous siydfsgen gHeing t€o ek 4tuminitstepssicharactemistiontef the
pores. Wth the pores bl ocked-at the out ernost portion, the

epitaxi al silic@xlpysurfadce seructure. f Figed Wishowsestistyidistiaefetts. On
t he ot her hand, 20 i n hydrogen baking after the etching renoval of the
porous silicon dmtytdﬂé the tadserpeion wites rguale as steps anfhdninks

somewhat b etchln i s snoot hened, and boron i ncor por at ed
unavoi dabl¥ i n emethR rRiFERRer dhesiteensity i exiranelndiahito t he
| am nation interface is driven 25 of f The cause i s not

el uci dated of okRERYkhcareynd the remainingiporas: i Thifk iHidukit® 8% con

| ayer on the . ) .- 30
) many faces appearing continuously in accordance with

the curvature of the bared silicon surface at the
remaining pore portions.

10 In the growth by introduction of the atoms
constituting the growing layer onto the surfaée, when
the amount of the introduced atoms is large, the
introduced atoms collide with each other on the terrace
to form dimers before reaching fhe_steps. The dimers

15 on the surface are far less mobile than the monomers to
form nuclei for adsorption site for the introduced
atoms. Thereby, density of the effective steps (or
adsorption sites) increases, and consequently most of
the introduced atoms come to be incorporated into the

20 lattice without surface diffusion. Therefore, the
distribution of the probability of incorporation of the
introduced atoms into the crystal lattice is small
within the plane, so that at-the remaining pore
portions, layer thickness increases at the remaining

25 pore portion before disappearance of the pores, thereby

| the crystal lattice tending to betome incommensurate

and to cause defects. Figs. 3A to 3E illustrate



anor phous silicon grown by CVD or the |Iike nethod. However, the
primary factor for introduction of the | am nation | ayer defects is
considered to be the growh on thegporous |ayer, since such

I ntroduction of the 5 crystal defects is not observed in an epitaxially
gr own | ayer on a bul k wafer under the same conditions. It is
reported that after hydrogen prebaking and prior to the epi t axi al
grow h, the pores are still existing although bl ocki ng of pores is
observed. Ther gkpemnattiball¥0ther apbiai pgopeses obnt Regsulfaca ehet he porous
| ayer are presuned to be concerned with the introduction of the

| am nati on | aygroaeheectte range in whikbnbbei Laminbtjoowiefe€tsilicon on
bul k silicon by CVvD with introduction of a hydrogen-diluted source
gas 15 i s dedslifycésdgonstant independentdy e€chhpqgrovsht Kate,

silicon seniconductor process. By this technique, the | ayer

t hi ckness can bBecomewsh egogrefrnthreughngbeopbove mechgpign. préPerany 2%
on the entire face of the

| h
by CVD, tRe ef 8Pt ca5@ WheFSrtbﬁe“&@%@?oﬁﬁﬁn?gFéga %ggdggﬂeBB%ﬁéb?ongg?MK
epi taxi al layeds#%&%eﬁgégfggg%%ﬁg%g?ygho%ﬁrIngmghglngtgoregdgwggt

tenperature to |ncre¥sing t he

growth rate. f eports are presented on the growth at a
rate of 50 25 %nﬁé%ﬁre tPe g}mﬁkéh i's conducted in epitaxial growh

on porous silicon. gn the other! haW@$ {AEAItHY LRBuhRVEE! @hE Of the present

introduced atoms is less, the growth is considered to
10 proceed through tﬁo-dimensional growth only from the
step sites. Assuming that the distance of the surface
diffusion of tﬁe introduced Si atoms is sufficiently
larger than the average breadth of the terrace between
the steps in the portions other than the remaining pore
15 portions, the introduced Si atoms. reach the terrace to
be incorporated into the steps. When the Si atoms are
introduced onto the surface having distribution of the
adsorption site density as shown in Fig. 2, the
introduced Si atoms will diffuse on the surface to be
20 incorporated into many adsorption site (steps) around -
the reméining pores with a remarkably high probability.
In other words, the remaining pore portions will
function as sinks for the atoms diffﬁsing on the
surface, whereby most of the introduced atoms are
25 consumed for blocking of the remaining pores without
increase of the layer thickness, pores finally

disappearing without formation of defects. As



- 31 - I nvention, after conprehensive experinents, that the
growth rate and the tenperature at the initial stage of t he
epitaxial gromh are inportant factors in 5 - decreasi ng the defects.
Fig. 1 shows the experinental 5 resul%s on epitaxial growth of silicon
on por ous silicon by neans of a comercial epitaxial growth
furnace with SiHerr]dJ[err] diluted with H2: dependence of .

| am nation | ayer defects on the growh rate at the initial stage of
epi taxi al gr owm Bestpibbe Qbﬁeéi,WEHéSreméQnin%t perasovhh BaSHabtrMEd to
proceed at a tenperature of 1150[ err] C under an at nospheric
pressure. The |afthautoformation| 6fededates] UaNShéyebelpnsrhiguessrepkdly
wi th decrease of the growth rate from20 nm mn. The [amnation

| ayer defects wepétdrtatagedwbl prbaess; by inBroducbyg dbch atgmallgits
under certain conditions in conparison with t hat of conventi onal

hi gh growt h rat@meystensf. thai £ilm-constitptihghayorlseor oat beufaetgabat, at
a growth rate | ower than a certain value, the surface diffusion of
Si atons 2 thakorBelesn fapEmatipacésonotheapseduansthecpareysnBie 20

remar kabl e than i ncrease of the ] ayer thickness, and the ratio of -
at ors increasessﬂﬁgﬁﬁeareAfﬁ%BrBB?éteﬁhe crystak; greweh | GeRike at the

i ni ' hyd baki ' to th
cpi tani o 5111 chhectPBea fo B sqmemdlieR Ry Hhovunl wRott of bl of
the 25 pOroug; § AYEH Qytﬂbﬁéufiﬂft8£18£°8¥ f&&&t6£“é£§9t£H§ material

to the surface. Figs. 4A to 4E illustrate

10 schématically the process of the growth. In Fig. 1,
the rapid decrease of the lamination defects with
decrease of the growth rate is caused by blocking of
the remaining pores by this mechanism. The prebaking
before the growth is not necessarily essential,

15 provided that no natural oxide film is present 6n the
porous silicon surface. The natural oxidation film may
be removed by baking in ultrahigh vacuum or etching
with hydrochloric acid or the'like. That is, the oxide
film on the surface has only to be removed in any way,

20 even when the remaining pore density is not reduced by
hydrogen prebéking.

After starting the feed of atoms for the growing
film, the hydrogen gas is effective for prevention of
reoxidation of the surface. ‘An oxygen atom deposited

25 on the growing surface serves as the nucleus of the
film growth to reduce the surface diffusion distance.

For prevention of the reoxidation and increase of



surface. As the results, nost of the pores di sappeared whi ch had
existed in a dianeter of several nanoneters

- 32 - to several tens of nanonetggs at a density of about
10[err]/cnferr] and were detectabl e before the hydrogen pr ebaki ng by
hi gh resol uti on scanning el ectron m croscopy. The detection linit
therefor was about 5 10[err]/cnferr]. Simultaneously, the blocked pore
portions were flattened by hydrogen baki ng, and atom steps
characteristic bar@acexdiffusianedikitaatu,ccfgeatibve is elabaeiyabbg. To
confirmthe exi.stence of renaining pores, the substrate immediately
after the hydroghe gibwth pempekatgreas Whkanhgdrofenmishesédr aaceheand set
in a Roadl ock type vacuum chanber, and was subjected to

ul trahi gh vacuudil@bstpoéstheesdurceasetexielwathe growthi gemperaturg | ow
in conparison with a bulk silicon waf er having no porous |ayer.

Similarly, poro#&s prgferablyi now A@WeﬁaWhﬁg B@@ﬁCsuEPEGtEﬁeférﬁ9EYo§§ﬁ
prebaki ng, _and a substrate haV|n% [err] thaxial | ayer on a
porous | ayer meﬂ€W§EbFBéPe8°Poct §P§&ﬁén9 on t ?eEFeS$H§etinﬁhﬁoﬁbpﬁﬁching
t he vacuum att ai er was in the order

o pa e S5 28dah ks et paaRLElent. alou EhRL, LeBPRFRBHE Bror
prebaked) >> Porous the! $80eWtblsCBie 2KbabrL3¥&E (400 tion

investigated the dépendency of the remaining pore
density on the growth réte as shown in Fig. 5. On

10 porous silicon, monocrystalline silicon layers were
grown epitaxially at various growth rate to a thickness
of the largest poré diameter of the pores of the porous
silicon. The porous silicon sample was placed in a
ultrahigh vacuum chamber, and the time for obtaining a

15 prescribed vacuum was measured for each porous silicon
sample. In this experiment, the largest pore diameter
was assumed to be the sum of the average pore diameter
and 3 times the standard deviation of the pore diameter
determined by a gas adsorption method. However, the

20 largest diameter may be determined-by practical
measurement. The method of measurement of the pore
diameter by gas adsorption is described bf R. Herino
(R. Herino, G. Bomchil, K. Barla, C. Bertrand,'and
J. L. Ginoux, J. Electrochem. Soc. 134 (1987) p.1994).

25 With the decreasé of the growth rate from 20 nm/min,
the time for pressure decrease becomes shorter rapidly.

By comparing Fig. 5 with Figs. 4A to 4E, it is clear



[err] Bulk silicon : Therefore, pores are considered to be stil

remai ni ng on the porous silicon after the hydrogen 25 pr ebaki ng. Figs.
BAto 3E illustrate schematically the _. 37 -process of blocking of the
pores on the surface by hydr ogen prebaking. On the site from which

t he pores - 33 - have

di sappeared, flattening of the surface proceeds by hydr ogen baking to
formatom c steps characteristic to (2xl') surface structure. Fig. 2

shows distri butthat et a lowegtegsiwfhofatke wWdtbppti ancreasingutheas steps
and kinks 5 on the surface, The site density is extrenely high

| ocal | y around file thickness.pshesrempising ggeesohave come tpgke f aces
appearing continuously in accordance with the curvature of the bared

silicon surfac®leckedeafter thenhyArrgepoPEpakinrgns3ndio ~ Inthe
Nt o the surf aG@TERRRNLnaLY, ROSaRBNAERYr PRt EPBALEEd SBUGRE 15 | af ge.
the i ntrodycged .a ons col Lide with each pther na%Ee tefrace to
form di mePs bePBrEFEA hlﬁgefhéss??ﬁgeafﬁ ‘d|ﬁé?§ cig todn thg surface are
o Lo, L P SRR grcer she YRRk Bagtzor ot Lon =it
(or formation depends largely on the growth rate.
The pore density of the porous silicon can be
measured by ultrahigh resolution scanning electron
10 microscopy, or gas adsorption. However, these method
are not always satisfactory in measurement accuracy for
pores of fine diameter and low pore density. In the
present invention, the remaining pore density was
measured as described below for the sample after
15 ultrathin epitaxial layer formation to measure the
density of pores which are not readily detected by
ultrahigh resolution scanning microscopy:
(1) A sample is immersed in a mixture of ammonia and
aqueous hydrogen peroxide solution, or a mixture of
20 hydrogen chloride and aqueous hydrogen peroxide
solution at a temperature ranging from about 50°C to
about 100°C to make the surface hydrophilic. Any
chemical may be used which is capable of making the
surface hydrophilic.
25 (2) The sample is immersed in pure water. The pure

water penetrates from the pore remaining on the surface

into the interior of the porous layer by capillarity.



adsorption sites) increases, and consequently nost of t he introduced

atons cone to be incorporated into the 20 |l attice wthout surface

di ffusion. Therefore, the di stributg on of the probability of

i ncorporation of the i ntroduced atons into the crystal lattice is
smal | wi thin the plane, so that at the remaining pore

portions, |ayer thickness increases at the remaining 25 pore portion
bef ore di sappearance of the pores, thereby the crystal lattice.

gEn_d: lng t o becoff g ARG WHY Gorous siANGD GasRs gﬁa‘@c&ﬂy Figs. 3Ato
illustrate - - -

schemati cal | y trertalvaia ywrimes thd sudfiacel buth d13 lateraldnow h rate range
in which the | am nation def ect density is constant independently of
t he grow h rat esomplicatddie ,grand the peyedsratingigiatdre mbos/e nechanism In
5 the case where the nuclei are fornmed, the |am nation def ect
density dependsvertidal emiidilareraldtiendihe water mgydre [adf graem he

gr owt h. On the ot her hand, when the anount of the

i ntroduced at orfienReTre + hutymrgferablsphaat@dd tthe ime qf oceed

t hrough two-di nensi onal growt h onl 3{) fromthe step sites. Assuni ng
that the di stard®&RSk 1§ MTREerably ong Mifytsh off kMNIemt MFfeed Si

atons is suffici

ator 195U Shetildonny 5, bR g R B e 200

thereto.
(3) The sample is taken out from the pure water, and

10 is oxidized by thermal oxidation at a temperature of
preferably not lower than 400°C, more preferaﬁly not
lower than 800°C. The oxide film of a thickness of 10
nm is sufficient. An unnecessarily large thickness
thereof in comparison with the épitaxial layer may

15 cause warpage of warpage of the sample to obstruct the
subsequent observation.

In the oxidation treatment, the water having
penetrated into the sample vaporizes out of the
remaining pores with elevation of' the temperature of

20 the sample. Although the process of vaporization may
compete with the process of oxidation of the porous
layer, the oxidation can bg made predominant by
selection of the temperature.in the above range.
Consequently, the porous silicon is preferentially

25 oxidized at the portions where water has penetrated.
These portions are found to be reddily observable by

surface morphology or contrast by light interference by



15 portions, the introduced Si atons reach the terrace to be

I ncorporated into the steps. Wien the Si atons are I ntroduced onto

t he surface having distribution of the adsorption site density as
shown in Fig. 2, the i ntroduced Si a?ons will diffuse on the surface
to be 20 incorporated_into many adsorption site (steps) around

the renmaining pores with a remarkably high probability. ~In other

wor ds, the renaining pore portions wll function as sinks for the
atons diffusi ngoptith® microscepyface, whereby nost of the introduced atons
are 25 consuned for blocking of the remaining pores wthout

i ncrease of the | ayeThuki theeiew fgensitli o8l klie remalndngapaﬁéélmﬁ ﬁhbhOUt
formati on of defects. As

descri bed abovePOFﬁBSréﬁﬁ#ﬁpnglgomessuaabbe b¥otkedabove meﬁhbhoutFlg
formation of defects, in the early stage of the epi taxi al growth
process, by |ntPoﬁHEWﬁthEcﬁeHe§ﬁﬁPPY of theprenaindhgtperei densdhyt ohuting

atons or a_source nucl ear formation is not caused on the
porous Si ° th@u?FﬁUEh ﬁFF%rofhEPe PﬁEréFQSPa?PgFéﬁ}ﬁlc%hlbgon
practiced in thigsane nman usual ?romﬁh on bul silicon

without |imtat %eﬁff?ﬁegﬁﬁfsg?ﬁi?lﬂﬁ wRteRi tpe epltax%éltﬁblsg@ﬂace
108 (A L0 4E LRt E8! Grodf vo 3CBRIBKASEL' YoHISPIREESS 8 Hhe oromh

| largest pore diameter of the porous silicon.‘ The
remaining pore density decreases rapidly with decrease

10 of the growth rafe from about 20 nm/min as shown in
Fig. 6. It is understood from comparison of Fig. 1
with Fig. 6 thét the remaining pore density correlates
with the lamination layer defects in the ultrathin film
region. At the remaining pore density of less than

15 1000/cm?, the laminétion layer defect density is found
to be less than 1000/cm?. In other experiments algo,
the crystal defects in the epitaxial layer was less
than 1000/cm? in the sample having a remaining pore
density of less than 1000/cm?, when the epitaxial

20 silicon layer is grown to a thickness corresponding to
the lafgest pore diameter of the porous silicon
although the growth temperature, growth gas, and other
growth conditions were different. In the experiments
also, the largest pore diameter was assumed to be the

25 sum of the average pore diaﬁeter and 3 times the
standard deviation of the pore diameter determined.by a
gas adsorption method. The remaining pore density

decreased rapidly with decrease of the growth rate from



the rapid decrease of the |am nation defects with decrease of the,
gromh rate is caused by bl ocki ng of the remai ning pores by this
mechani sm The prebaki ng before thegqgrowth is not necessarily
essential, 15 provided that no natural oxide filmis present on the
porous silicon surface. The natural oxidation film may be renoved by
baki ng in ultrahi gh vacuum or etching wi th hydrochloric acid or the
li ke. That is, the oxide filmon the surface has only to be renoved
in any way, 20aboetveROwhmpmihe renmi ning pore density is not reduced by
hydr ogen prebaki ng. After starting the feed of atonms for the

gr owi ng fil mFrom andtbgenstasdpeintf ethe vprésenpriweentbon of

reoxi dati on of the surface. An oxygen atom deposited 25 on the grow ng
surface serves Esovﬁéeﬁuéneﬁﬂiﬁﬁxiﬁg layer having exvetel cdefe@te t he

surface diffusion distance, For grev;ntion of the reoxidation and
i ncrease of density of less than 1000/cm® by contpplling the surface

di ff i i st , ffecti i | ti f th wh .
Cemerntur 8 SUBRERRLEEChE S ERapbitlondafle vetyeen, thdiSphtatial co
terial, th owh te ature i s ef er.abl not | r than
800[ err]C, mor LBYSF cPBH) ShR POTous layer: (oG NP Af NN ¢ he

e @0Exial fyELLELLUO5 Gl LAY RS LA e
within the range of +4% by employing epitaxial growth
by CVD using a source material diluted by hydrogen.

10 " When pores remains on the porﬁus silicon, the
ultrathin oxide film remaining in the inside of the
pores vaporizes by etching with hydrogen, which.raises
the oxygen concentration locally in the vicinity of the
surface. The oxygen may recombine onto the surface of

15 the porous silicon. However, the small amount 6f film-
constituting atoms or fed atom gas can effectively
eliminate the oxide tb prevent the occurrence of
defects caused by the oxide.

Further, according to the present invention,

20 nucleus formation by collision of the introduced atoms
is prevented, and surface diffusion'is predominant,
resulting in high coverage, which covers any foreign
matter on the surface without formation of a pinhole
there.

25 Furthermore according to the present invention,
the surféce roughness is reduced in comparison with

that of conventional high-rate growth, lamination



I nvestigated the dependency of the renmaining pore density on the
growh rate as shown in Fig. 5. On 10 porous silicon, nonocrystalline
silicon |layers were grown epitaxialhy at various growh rate to a
t hi ckness of the largest pore dianeter of the pores of the porous
silicon. The porous silicon sanple was placed in a ul trahi gh vacuum
chanber, and the tine for obtaining a 15 prescribed vacuum was neasured
for each porous silicon sanple. In this experinment, the | argest pore
di anet er bondingsstirefgth be fhprousdoint hamdmetige ber ELT| aRBNer
and 3 tines the standard deviation of the pore dianeter determ ned
by a gas adsor pti anlikehndthédweithoutheauging weakgbendingnerenonay be
determ ned by practical measur enent. The method of neasurenment of the
por e di akendiny gas adsorption is described by R Herino (R
Herino, G Bonthil, K Barla, C_Bertrand, and L. G noux, J.
El ectrochem Soc. 138 @593?}9poiQQHPllcéslonVPfhtPﬁeSG@éFQQQHCGPrthe growt h
rate from20 n ime for pressure decreage becones shorter.
rapidly. 2 389566ﬁ§§rPﬁgthﬁgprgsﬁPFhlgVﬁgtlﬁﬂ t8 BE° PFtFanpza
- 37 - | Quwer. r wi { hout _i ncreasing
f||n1th|cknessSoghguhgﬁﬁﬁﬁﬁnbspg?g m%?@ gsger?oggereferengglggkg 9rter
the hydrogen p%ﬁb%ﬁ'BQa aBQher embodiments are described below in
which the constitution of the laminated member is
different therefrom.

10 Embodiment 2

An embodiment of the present invention is

explained below by ieference to Figs. 8A to 8G. 1In
Figs. 8A to 8G, the same reference numbers are used as
in Figs. 7A to 7E for the same members. In the

15 embodiment shown in Figs. 7A to 7E, the two substrates
are laminated by bonding the SiO, layer 103 of one
substrate with the Si0O, layer 104 of another substrate.
However, only at least one of the surfaces to be bonded
is required to be constituted of SiO,. In one example

20  of this embodiment (shown in Figs. 8A to 8D), an
epitaxial silicon layer 1102 in Fig. 8B formed on a
porous silicon layer is bonded with an oxide layer 1104
in Fig. 8C formed on a silicon substrate 1110._ In
another example of embodiment (shown in Figs. 8A and 8E

25 to 8G), the surface of an epitaxial silicon layer 1102
in Fig. 8E is thermally oxidized, and the resulting

oxide film 1103 is bonded with the surface of



correspondingly the crystal defect density in the 5 epitaxial |ayer is
decreased. Thus clearly, the remai ni ng pore density after the
ultrathin film formation depends_liaggly on the growth rate.

The pore density of the porous silicon canbe measur ed by ul trahigh
resol ution scanning électron 10 m croscopy, or gas adsorption.

However, these nethod are not always satisfactory in neasurenent
accur-acy for pores of fine dianmeter and | ow pore density. In the
present i nvent izdhor-d&idFRIA g1 IRDre Atiratadd10 as show@sunedias
descri bed below for the sanple after 15 ultrathin epitaxial |ayer
formati on to nm@asUr An his Emboddarsit,y tife prhex \d@teps are wonducdsid y
detected by ul trahi gh resol uti on scanni ng m croscopy: (1) A
sanpl e i s i mersedthen same mammerofasarimortibe @mbodiment sippemudohFdigsgen
peroxi de solution, or a mxture of 20 - hydrogen chloride and aqueous
hydrogen peroxi7®e to 7E. solution at a tenperature rangi ng from about
50[err]Cto about 100[err] C to nmake the surface hydrophilic. Any
cheni cal rPay b&EMRESImGRL3 | s capabl e of naking the | sur f ace

hydrophilic. 25 2) _The sanple is imersed in pure water. The pure
wat er penetrates fr ﬁ‘ﬂ?%“@r‘gl% ey REeSaR %V%ﬁ’&i'on 1S jinto the

nterior of the porgus | e .GaRd 1@ ks, 9a to 96. In Figs. 9

to 9G, the same reference numbers are used as in Figs.
7A to 7E for the same members. This embodiment is
10 characterized by a glass material 1210 (Figs. 9C and
9F) such as quartz glass and blue plate glass employed
as the second substrate to be laminated onto the first
substfate (Figs. 9B and 9E) having an epitaxial silicon
film formed thereon. In one example of fhis embodiment-
15 (shown in Figs. 9A to 9D), an epitaxial silicon layer
1102 in Fig. 9B is bonded to a glass substrate 1210 in
Fig. 9C. In another example of this embodiment (shown
in Figs; 9A and 9E to 9G, an oxide film 1103, which has~
been formed by thermal oxidation of the surface of an
20 epitaxial silicon layer 1102 in Fig. 9E, is bonded to a
glass substrate .1210 as shown in Fig. 9F. 1In this
embodiment, the other steps are conducted in the same
manner as in the embodiment shown in Figs. 7A to 7E.
In the present invention, important is the process
25 for epitaxial growth of a monocrystalline silicon 1ayef
on a pofous silicon layer. . -

The porous silicon was discovered by Uhlir in



The pores of the porous silicon extend not only vertically fromthe
surface but also laterally conplicatedly, and the penetrating water
runs vertically and laterally. Thesyater may be at room 5 '
tenperature, but preferably heated. The tine of I mersion is
preferably one mnute or |onger, nore preferably 5 m nutes or

| onger, but is not limted thereto. (3) The sanple is taken-
out fromthe pure water, and 10 is oxidized by thermal oxidation at a

tenperature of 1964, anBl 4h8r dbkEshebaltauetorhappd96h et bhCronpreopr gher ably
not | ower than 800[err]C The oxide filmof a thickness of 10

nmis sufficieap708n uphetelaminkgcekatgewtbi £6unadsin 1990 bhelatbri by
conparison with the epitaxial-layer nmay 15 - cause warpage of warpage of.
the sanple to @h€anbetm,t k& al. andsUbSogedei ebselvat and. since then, |n
the oxidation treatnent, the water having penetrated into the sanple
vapori zes out &het perous siliepni hesgbgenestufiiadefevaepphicptipe to
tenperature of = 20 t he sanple. Al though the process of vaporization may
conpet e wPt h t Adghtoemdstdngodrydcrsn ofnt fEugdesLSn the lightr (he
oxi dation can be made predqmi nant b eIectLgn of the tenperature in
|

the above r ang§Mitting é&ﬁ%&&ue_ﬁtT ,rt?fé'sﬂ'&ﬁ'ﬁeé‘ SUPSESAYES & erential ly
20 XL 2o B e BB oIS BloS RoBELERon f ROAT0G, o
contrast by lig%&uh%hﬁ%ggr9P9Qopyb’-substrates are preferred owing to
the stability of structure and high crystallinity of
10 the ebitaxial silicon layer, rather than n™- or p™-
substrates. The porous silicon which is the 6bject of
the present. invention is the same as‘the porous silicon
which has been studied generally, and prepared by
processes such as anodization, ﬂot being limited in the
15 impurities, the plane orientation, and the preparation
method. |
in anodization for formation of porous silicon,
the anodization solufiqn is an aqueous solution
containing HF as the main'active component. Generally,
20 the anodization solution contains additionally ethanol
or a like alcohol for incréasing the contact angle on
the silicon surface to promote separation of bubbles
from the silicon surface and.to uniformize the
énodization. Naturally the porous layer can be formed
25 without the alcohol. The porosity of the porous
| silicon according to the present invention is -

preferably about 56% for FIPOS, and lower than that



- 39 - optical m croscopy. Thus the | ow density of
the remai ning pores in the porous silicon is nmeasurable by the above
nmet hod. Fig. 6 shows the dependency £f t he remai ning pore density on
5 the growth rate of the ultrathin epit%.ié] silicon | ayer for

t he sanple on which the epitaxial silicon llayer is grown to a

t hi ckness corresponding to the | ar gest pore dianeter of the porous
silicon. The remai ni ng pore density decreases rapidly with decrease

10 of the gropbhefabaniyOMealotharOapsuel S0£s ﬁ&p&fgofaf bly Fégs 6. It
I's under st ood fp%nscgnpgr?son of F?g.al wth Fig. %r?ha thes

remai ni ng pore gRAAI 8H3§0E6L| B6€Sfor ELTRAN! hohibeid anbbalimpreéayer defects
in the ultrathin film region. At the remai ning pore density of |ess

than 15 1006hepkenr], the lanmination |ayer defect density is found

to bé less than 1000/ cnferr]. In other experinents al so, the crystal
defects in the epita¥hel shafecewaf thssporous sihbeonl@@vingebeénin the
sanpl e having a renai ni ng pore density of less than 1000/cnfierr],
when the epitaxfarmedoby etchingnasageeve shas ofiine oroughheisein the
corresponding to ) the | argest pore diameter of the porous silicon

al t hough t he grBRFRiPBAPEEREHr Ehagr B hPeERsS ., awieh hes observablepy

conditions were _different. In the experi nts al so, the | argest pore
di amet er was asgg ﬁ ?Biﬁgi?ﬂetype sgannggb electron microscopy g P

(FESEM).
As already mentioned, the internal walls of the

10 pores may be subiécted to preoxidation in the present:
invention. The silicon oxide film formed by
preoxidation méy be removed from the porous layer
surface and the vicinity thereof by dipping into a low
concentration of aqueous HF solution (HF dipping).

-15 This is shown by the schematic sectional view in Fig.
4A. Sato, et al. reported that longer time of HF
dipping reducéd the laﬁination defects to the level of
about 10%/cm? (N. Sato, K. Sakaguchi, K. Yamagéta,

Y. Fujiyama, and T. Yonehara, Proc. of the Seventh Int.

20 Symp. on Silicon_Mater. Sci. and Tech., Semiconductor -
Siliéoh (Pennington, The Eledtrochem. Soc. Inc., 1994)
p.443). However, the inventors of thé present
invention found by further experimenfs that longer time
of HF dipping sometimes coarsens the porous laYer

25 structure depending on the annealing temperature after
lamination to leave unetched portions (etching

residues) in etching of the porous silicon. Ih the



25 sum of the average pore dianeter and 3 tines the standard

deviation of the pore dianeter determ ned by a gas adsorption

nmet hod. The remai ning pore density - gecreased rapidly with decrease
of the growth rate from - 40 -

about 20 nm m n. From anot her standpoint, the present invention
provi des an epitaxial |ayer having crystal defect density of |ess

than 1000/ cnferr] by controlling the 5 t hickness of a transition |ayer
bet ween the epipmeseht inventiayperhowehvéhe tioe B dayeing THe Adw ckness of

t he epitaxial silicon |ayer can readily be made uniform '
wi t hi n t he rangendisgénssgbbapsincegcepstaki deferdvddnsity cabybe CVD using a
source material diluted by hydrogen. 10 When pores remains on the
porous silicon, redeced by fgedindiS$i oxtoes finhna remalhiampumt thet i tsi de of

t he pores vaporizes by etching with hydrogen, which raises t he
oxygen concent rEe¥Bveted [9nte the ROXows t§ibicemesurfacesurthee. The
oxygen may_reconbj ne, onto_the surface of 15 the porous silicon.

However, the srdMSSHRRE HF rdipRing prevented (£RFMALiAR RE Btehkngit om gas
can effectively . eIinifa%glthe oxi de to prevent the occurrence of -
def ects caused E@s%?ﬁfcﬁﬁTﬁhe ely. Further, according to the present

invention, 20  nuchgus,d QL RLLOD Ry &LLdST 0D ndds,d ity Phuced atons
silicon layer is epitaxially grown on a porous silicon
layer formed on a substrate in an epitaxial growth
10 appératus, for example, the steps.below:
(1) Removal of natural oxide film:
The natural oxide film is removed by heat
treatment in hydrogen atmosphere (non-oxidative
' atmosphe;e), or heat treatment in ultrahigh vacuum at
15 about 800°C. The heat treatment'temperature is:
preferably not lower than 600°C, more preferably not
lower than 1000°C. The pressure is preferably ﬁgt
highe: than the atmospheric pfessure, but is not
specially limited.
20 The natural oxide film is removed into the air by
the reaction:
Si0, + Si - 2siOf
The natural oxide may be removed by use of HF. This
heat treatment step for the natural oxide removél may
25 be omitted if the substrate after HF dipping is
.transferred into a Roadlock chamber under a nitrogen

atmosphere and then placed.in a growth furnace without



I's prevented, and surface diffusion is predom nant, resulting in
hi gh coverage, which covers any foreign matter on the surface

w t hout formation of a pinhole therge - 25 Furthernore
according to the present invention, the surface roughness is reduced
I n conparison with that of conventional high-rate growth, |am nation
- 41 - bondi ng strength is inproved in |lam nation by ELT, RAN

or a like nethod w thout causing weak bondi ng or non- ~ bondi ng.

An exanpl e of aegbosateobooantbrygenicontiathing Stmosphdsérate of the
present inventi-on to production of an SO substrate is described

bef ore by referehteBlockingg.of pores7A to 7E. Ot her enbodinents are

descri bed bel ow in whi ch the constitution of the |am nated nenber is
di fferent therefromInigontimaabieone@f the heat treatmgnerdpdinent of the

present invention_is expl ai ned bel ow by reference to Figs. 8A to 8G
I n Fi gs. hedregen@tnegphere 2&rerchie aferpmentiened saptural in

Fi . TAto 7E for . the sane, nenber In the 15 enbodi nent shown in
Figs. 7A 1D 7E OFHES (TERQYRL FERRS(1), the AEORS M othe SHF HRFRI O The

Siderr] layer 3&%%&@ égfﬁéon migrate to flatten fine roughness of the
.surface and to lower'the surface energy, and most of
.the pores disappeaf from the surface. Howeve:, not all
the pores afe blocked oﬂ the surface of the porous

10 silicon, sincé Si atoms are deficient for the unif
surface area depending qn.the porosity. Fig. 4B shows
this state schematically. Further, in high-
temperature treatment above 1000°C in a hydrdgen
atmosphere, silicon is etched by hydrogen, which'.

15 increases the deficiency of silicon atoms. Although
the subseqﬁent step may conducted with the pores
incompletely blocked, sufficiently long time of the
above heat treathent in hydrogen atmosphere is more
preferable for decreasing the pore density on the

20 porous silicon surface and for uncbvering the step
structure to decrease the édsorption site density on
the surface. Si(100) has steps and terraces of (2x1)
structure. |

This process need not necessarily be conducted in

25 a reductive atmosphere like hydrogen or nitrogeh, but

may be conducted in an inert gas such as argon and

helium, provided that the oxidative atmosphere such as



substrate with the SiJerr] layer 104 of another substrate. However,

only at |east one of the surfaces to be bonded Is required to be
constituted of SiJerr]. In one exanple _ of this enbodi ment (shown.in
Figs. 8Ato 8D), an epi taxial siliconlayer 1102 in Fig. 8B forned
on a porous silicon layer is bonded with an oxide |ayer 1104

in Fig. 8C fornmed on a silicon substrate 1110. In . ~anot her exanpl e of

enbodi ment (shown in Figs. 8A and 8E 25 to 8G, the surface of an

epitaxial silicpisi@y8l mdfdture andidkydgéh £ derffeidmtly fepevaed, and -
the resulting oxide film 1103 is bonded with the surface of

- 42 - : a NoPh&Xré&mdedl Sof | €19 mabstd Rlexydd) HiELM havd tie Fi .

8F. In this Enbodi nent, the other steps are conducted in the sane
manner as in theleskodyneft théopdres drgnot alwaysh prodded 5 Enbodi nent
3 An enbodi nent of the present invention is expl ai ned by
reference to Figsccégsiveds butFcgs.poceed simwlGeowsly o proceedce
nunbers are used as in Figs. 7A to 7E for the same nenbers. This
embodi nent5is wbth ihaplenerdistrijubion on the csubkstuate syrfEceoC and
9F) such as quartz gl ass and bl ue plate gl ass enpl.oyed as the second
substrate to beTherefared bheoP¥oeess ef oxygen film removal and the

pore blocking are'not always distinguished clearly.
(3) Feed of small amount of source material:
Atoms or the source gas is fed by diluting with H,
10 onto the surface of the porous silicon in such a small
feeding rate that the fed atoms.do not form nuclei.
The fed atoms or the source gas diffuses on the surface
of the porous layer; and is incorporated into
adsorption site such as steps at the remaining pore'
15 portion to block the remaining pores. Fig. 4C
illustrates this state schematically.
Specifically, pore diameter distributidn is
measured with porous silicon formed preliminarily under
.the same conditions, and therefrom the largest pore
20 diameter is derived. The feed rate of the atoms or the
source gas is reduced to lower the growth ratelso that
the remaining pore density may become less than 1000/cm?
at the time when the layer has grown in a thickness
equal to the lérgest pore diameter. The largest pore
25 diameter may be derived by direct measurement of pore
.diameter distribution by gas adsorption 6r a like

method, or as the sum of the‘average pore diameter and



substrate (Figs. 9B and 9E) having an epitaxial silicon filmfornmed
thereon. In one exanple of this enbodi nent 15 (shown in Figs. 9A to
9D), an epitaxial silicon layer 1102gin Fig. 9B is bonded to a gl ass
substrate 1210 in Fig. 9C. In another exanple of this enbodi nent
(shown in Figs. 9A and 9E to 9G an oxide film 1103, which has

been fornmed by thernmal oxidation of the surface of an 20 epi t axi al
silicon layer 1102 in Fig. 9E, is bonded to a gl ass substrate 1210

as shown in FigthPbe timk8i €he stand&P§O08EGEALiochNEHLLNREG SHEPERE! Sore
conducted in the sane manner as in the enbodi mnent shown in Figs. 7A

to 7E diaméfeth@igtesbationvesasatemenportant is the process 25
for epitaxial growth of a nonocrystalline silicon |ayer on a porous
silicon |ayer. In the CVE goowtls smplopinges silicoersdubge Upasr in

- 43 - 1964, and was investigated for application to FIPOS in .

1970s. Phot ol unduebceac8illgsl.f ¢dhghlareogsddanve )l abdH, bisilane), SiBPham et
al. and U. Cosel e and since t the porous silicon has

been st udi 8d foﬁfagtﬁhi{?'aéf%a%)f5Si0{]4e in(&ﬁtréﬁlxltqnﬂfldér}%s.anq SiaHudi es
on e TTONt (agas Hlhb ) R SHb e b SE L, Ba kLA £fbk 00 2UBSt Tt es
St e "Lk FRoRhE bR BT SPLRSrAFy PRt 55 BHAR% o man, {1
more preferably not more than 10 nm/min, still more
preferably hot more than 2 nm/min. The temperature of
10 the sﬁbstrate is preferably higher to raise the surface
mobility of the atoms introduced onto the surface,
preferably not lower than 800°C, more preferably not
lower thah 900°C, still more p:eferably not lower than
11000°C, but is not limited theréto, prbvided that the
15 surface mobility is sufficient for the atom feed rate.
The upper limit of the substrate temperature depends on
the degree of the coarseness of the porous silicon |
stfucture. The promoted-shrface diffusion of the atoms
on the growth surface reduces'the surface roughness.
20 The fed source material is not limited to silicon
or silicon type gas, but may be a heteroepitaxy
material of Group 1V such as SiGe, and SiC, or a
compound semiconductor such és GaAs.
(4) Growth:
25 After completion of the blocking of the pores by

the small amount feéding of the source material, the

rate of the succeeding growth is not specially limited,



10 the epitaxial silicon layer, rather than n[err]- or p -

substrates. The porous silicon which is the object of t he present
invention is the sanme as the porous silicon whi ch has been studied
general ly, and prepared by processe% stuch as anodi zati on, not being
limted in the 15 i mpurities, the plane orientation, and t he :
preparation nmet hod. I n anodi zati on Tor formation of
porous silicon, t he anodi zation solution is an aqueous sol ution

contai ni ng HF ag, hhﬁagghga?ﬁélagﬂgogpoﬂgﬁgl 8§£ﬁ|$x’bufg sili?gﬁé al cohol

anodi zati on sol ution I ona

for increasing shg 58EaGk1AGIEoRn ma alwﬁealifacgfoégééace to promote

separation of bu omt | Tcon sur to uniform ze the

anodi zati on. Na&Hﬁ@LhMthEyPQn‘:Wﬁe' é%ﬁé faeebssfeﬁéregmaf-ﬁ amottht a& the
al cohol. The porosity of the porous silicon according to

present inventi geedisng growth| eberabty abﬁﬂéréﬁﬁﬁRﬂﬁdF$f(§hsandThémer t han
t hat - - 44 - (preferably

I ess than about af@%potinagapnstethél yegeizement oft bhe BHégehdr use for
ELTRAN, but is not limted t hereto. : The surface of the
porous silicon havengipaen The growthnmay blhe cinbénguptedbavethastinee

roughness in the
g of completion of the small-amount-gas feeding growth,

and the required source material may be newly fed,
although the processes are not separated. In any way,
10 the monocrystalline layer is grown to a desired layer
thickness. Fig. 4D shows schematically a sectional
view of this sfate.
The growth.témperature_of this process can be
controlled independently of the above process (3).
‘15 Lowering of the treatﬁent tempefature in this prdqess
prevents coarsening of the porous silicon structure,
and autodoping or SOlld diffusion of impurlty such as
boron and phosphorus from the porous silicon.
The material of the grown~monocrYstalline layer is
20 not iimited.to silicon or silicon type gas, but may be’
a hetefoepitaxy material of Group IV such as SiGe, and
SiC, or a.compound semiconductor.such_as GaAs, and may
be different from the material for tﬁe small amount
maferial feeding procesé.
25 " The process of the present invention is applicable
to formation of SOI structure through partial removgl

of epitaxial growth layer by FIPOS and selective



portions other than the pores, which is observabl e by field em ssion
type scanning el ectron m croscopy ( FESEM . As al ready
mentioned, the internal walls of the 10 pores may be subjected to
preoxidation in the present i nverit P& The silicon oxide film forned
by preoxi dation may be renoved fromthe porous |ayer surface
and the vicinity thereof by dipping into a | ow concentration of
aqueous HF solution (HF di pping). 15 This is shown by the schenmatic

sectional vi ewd e‘%’ r?é’ﬁ S %alth_coqlt nd raq_ggrtaﬁ%]]l hI,1(_._pq§gar time of

HF dlpplng r am nation defects to eve

about 10[err]/ Q{H-%)lﬁdeiélhkajﬁaélogxlﬁwéﬁkwgﬂ edita\{ﬁ'mg@ﬂ;con layer

Fujiyama, and T ara, Proc. of the Seventh Int. Synp.” on

Silicon Mater. fRpinedth -Eﬂﬁ.kbus %mﬁﬂﬂfill@y@r, of a c%hdpcﬁﬁﬂi (Penni ngt on,

The El ectrochem Soc. Inc. 43) . Fbmever the inventors of

the present semi AN éwmchéma‘ngt laﬂr Gy Ve Riype haicH anger ti e
of HF di pping sonetimes coarsens the porous |ayer 25 structure

dependi ng n tsignrasal iSigGd enperature after | ami nation to | eave

unet ched portions (etching resi dues) in etdhing of the porous
silicon. In the The present invention is described bef®w in more

present invention, however, the HF di pping is not
. detail by reference to xamples.

Example 1
This Example shows reduction pf crystal defects in
10 " an épitaxial silicon layer formed on a porous silicon
according to the present invention.
(1) Five 5-inch silicon(100) wafers were ptepared
which contained boron as a p-type impurity, and had a
resistivity of O.Ql to 0.02 Qcm. .
15 (2) In a mixed solution composed of 49% HF'and'ethyl
alcohol (mixing ratio 2:1), the above silicon wafer was
- placed as‘the anode, and a platinum plate of 5 inch
diameter was placed as the caéhode in opposition to the
silicon ﬁafer. The back face of the silicon wafer wés
20 coated to prevent conduction to the platinum plate
through the sdlution. The side edge of the silicbn
wafer was.aiso coated, whereas the entire of the front
face of the silicon wafer was bared to conduct to the
platinum plate through the solution. The silicon wafer
25- was anodized bj applying electric current between the
silicon'wafef and the platinum plate at a current

density of 10 mA/cm’ for 12 minutes to form a porous



I ndi spensabl e since crystal defect density can be reduced by feeding

Si atons in a snmall anmount not to form nucl ei onto the porous
silicon surface. The 5 om ssi on of HF di ppi ng prevented formation of
et chi ng resi due conpletely. 51 - |n the present invention, a
nonocrystal |l i ne ' silicon layer is epitaxially grown on a porous
silicon. | ayer fornmed on a substrate in an epitaxial gromh 10
apparatus, for exanple; the steps bel ow (1) Renoval of'natura

oxi de film ilicon Eg%a%%tir?eroé'd?aaP%”Ehicﬁe”D¥ﬁ énﬁé ZPTiBP heat

treatnent in hydrogen atnospher & ¢non=oxi I VE

et 1 ol A R B Bl e o,

treatnment tenperature Is

preferably not the waflawehabhaa AOBQE%&] %yzbewaéeis,ﬁﬂﬁectédpesf erably not
hi gher than the atnospheric pressure, but is not specially limted.

20 The parokakyomedeurehenits aaADWAE FBLAdt 88 Bavebd porositihe _
reaction: Sigerr] + Si [err] 2SiJerr] The nat ural

oxi de may be reofivabolby @26&.of HF. This heat treatment step for the
natural oxide renmoval may 25 - be omtted if the substrate after HF
di pping is (3)t r Zhef €éivedwafersahReddgoakpohaubesilnden wafierr agee
at nrosphere and then placed in a gromh furnace w thout
treated for oxidation at 400°C in an oxygen atmosphere
for one hour. The oxidation under such conditions gave
oxide films of as thin as not more than 50 A.

10 Therefore, the silicon oxide film is formed only on the
surface and pore walls of the porous silicon, leaving
monocrystalline silicon unoxidized in the interior as
shown in Japanese Patent Laid-Open Application No.
5-217827.

15 (4) The five wafers were immersed in an aqueous
diluted 1.25% HF solution for about SC minutes, and
washed with water t6 remove the ultrathin silicon oxide
film from the surface of the porous layer.

(5) The wafer was heat-treated successively under the

20 conditions below in a CVD growth furnace. The growth

was conducted with the conditions (b) varied for

. respective wafers.

(a) Temperature: 1150°C
Pressure: 760 Torr
25  Gas: H,, 230 (L/min)

Time: ) 7.5 min



- 46 - exposure to an oxygen-contai ni ng at nosphere. (2)

Bl ocki ng of pores: In continuation of the heat treatnent in a
hydr ogen at nosphere after the aforenentioned natural 5 oxi de renoval
step (1), the atons on the surface of t he52 - porous silicon mgrate to
flatten fine roughness of the surface and to | ower the surface

ener gy, and nost of the pores di sappear fromthe surface. However,
not all t he pores are bl ocked on the surface of the porous 10

silicon, since Si,, atons e defi,cient faqr ke unit surface area
dependi ng on the(ﬁgrosit3% |§??E§%§hom215b e this state schematically.
Further, in. high- nper at ur ghent above 1000C in a hydrogen
at nosphere, siIiconPF?SgP%%Ed by hy Fégen, which 15 i ncreases the
deficiency of silicepgatons. Alth@ggh23o (L/mik¢ subsequent step may
conducted wth the pores i nconpl etely bl ocked, sufficiently |ong

tinme of the above heat trea@ﬂygc1;;1damdkmggn(aymﬂsnhere IS nore
preferable for decreasing the pore density on the 20 porous silicon

surface amd for uncedgig:ng the step 5 misi ructure to decrease the
adsorption site density on the surface. Si(100) has steps and
terraces of (2x1) Thestfilost wake of SiH,Cl, forhitheynemspectismsd not
necessarily be conducted in 25 a reductive atnosphere |ike hydrogen or
nitrogen, but waferse wash @ud0Sd B 0dn k&S5, §ad,s@&h0a25ar gon and

(L/miﬁ). The growth rate was 2.8, 5.6, 28, 56, or
140 nm/min, correspondingly. |

10 By adjusting the.growth time, monocrystalline
silicon layers were formed in thickness of about 1 um.
(6) The crystal defects were developed By Secco
etching, and the density of the crystal defects in the
monocrystalline silicon layer was measured by a

15 Nomarskii differential intefference microscope. As the

- results, most of the crystal defects were lamination
defects, and the density was, depending on the SiH,Cl,
flow rafe in the heat treatment (b), respectively,
2x10°/cm? at 0.005 L/min, 3.5x10°/cm® at 0.01 L/min,

20 1.1x10%/cm?® at 0.05 L/min, 1.3x10%°/cm? at 0.1 L/min, and
1.2x10%/cm?® at 0:5 L/min. Thus the introduction of the
step (b) énd the lowéring of the gas flow rate in the
step (b) from 0.05 to 0.01 L/min or lower decreased
remarkably the lamination defect density by. a factor of

25  about 1/3 to 1/5.

The mean square roughness was measured by scanning

a region of 50 um square by interatomic force



hel i um provided that the oxidative atnosphere such as

- 47 - resi dual noisture and oxygen is sufficiently renoved.

The renoval of the natural oxygen filmand the bl ocki ng of the pores
~are not always proceed successi vely,53ut can proceed sinultaneously
or proceed 5 wth in-plane distribution on the substrate surface.
Therefore, the process of oxygen filmrenoval and the pore bl ocki ng
are not al ways distinguished clearly. (3) Feed of small anount of

source material: Atons or the source gas is fe di Iyt ing
with b2 10 oREGTOREORY: f aTee owemeswb?s‘asrewbﬁ%ﬁs faz il et

f eedi te that t t_f fed at
e e L5 hoal8g RIB 5P AR LSBRBIGOR), cmpranndbihd L4,
|ncorporated in ow PLPLECR §ite. guc@sassgtegé f% tHﬁ/&fﬂalnlng
%longf Eho % % %: )

por e por he r'emaf ni hg’ por és.
|IIustrates thi snat pbReffR§BE €RE| Yas flow rate bé?@&'iscﬁhymlnpore
di aneter distribution is measured wth porous silicon formed

prelimnnarsly ugdéfeased théhSusPdBe CHGEGhNESS, samillaheyedsophéhe | argest
pore 20 dianeter is derived. The feed rate of the atons or the

source gas i s regyscdlt ef@perdéneigyoWh coimesoisabasi wafer héd® aenmaini ng

pore density may becone | ess than 1000/ cnierr] at the time when the

| ayer has grownsunfacéhrougbssss of 0.23 nm as measured in the same
manner. Thefefore the grown monocrystalline silicon
layer had a flat surface comparable to an Si wafer.

10 Examgie 2

This Example shows reduction of crystal defects in

an epitaxial silicon layer formed on é porous silicon
without decreasing the growth rate.
(1) .Five 5-inch silicon(100) wafe:s were prepared

15 which contained béron as a pftype impurity, and had”a
resistivity of Q.Ol to 0.02 Qcm. .
(2) In a mixed solution composed of 49% HF and ethyl
alcohol (mixing ratio 2:1), the above silicon wafer was
placed as the anode, and a platinum plate of 5 inch

20 diameter was placed as the cathode in opposition to the
silicon wafer. The back féce of the silicon wafer was
coated to prevent conduction to the platinum plate
thfough the solution. The side edge of the silicon
wafer was also coated, whereas the entire of the frént

25 face of the silicon wafer_was bared to_conduct'to the
glatinum plate through the solution. The silicon wafer

was anodized by applying electric current between the



equal to the largest pore dianmeter. The | argest pore 25 di aneter may be

derived by direct neasurenent of pore di aneter distribution by gas
adsorption or a like nmet hod, or as t he sum of the average pore

di aneter and 54 - - 48 - three
times the standard devi ati on obtained by the pore ~dianmeter

di stribution nmeasurenent. In the CVD growth enploying a silicon
source gas - such as SiHerr]d[err] (dichlor05|lﬁre) S:FM §S|Ia3e),
SiHC [err 5 S ' tetr chl orosi |l ane), an
Szte L (SEHGA R NG SR plg I R, VA

gi ve growt h rat&egglf%egfrfé)l%ﬂ;%i rfB&‘e Phﬂ&n%(ﬂe%mtg‘ '}orrenferggﬂ:‘yugm nor e

preferably not nore an 10

than 2 nmim n. JhesdOHTSAE46S petyell%f 12 i SUBRIN 21 ok e PRI ARL YO oher

to raise the surface ity of the atoms intro

surface, Wi qﬁﬁc&hic)edloﬁoﬂ‘ %&Epécfﬁﬂr@@fﬁeﬁ@ré%ﬁﬁﬁﬁﬂ Y oH¥ of

| ower than 900C, still nore preferably not |ower than 1000[ err] C,
but is not5|i mthel wadtsrs haypimy iaqbided tadyer Was subjdaasl gpility is
sufficient for the atomfeed rate. The upper |imt of the substrate
t enper at ure deROERsH¥y measurementieq@ret wiHs tfmrgbaic dreass afpddwsitgr ous
silicon structure. The pronoted surface diffusion of the atons

on the growth < fakA¥ fifes the surface roughness.

(3) The five wafers having a porous silicon wafer were
treafed for oxidation at 400°C in an okygen atmosphere
10 for one hour. The oxidation under such conditions gave
oxide films of as thin as not more than 50 A. |
Therefore, the silicon oxide film is formea only on the
surface and pore walls of the porous silicon, leaving
monocrystalline silicon unoxidized in the interior.
15 (4) The five wafers Qere immeréed in an aqueous'
diluted '1.25% HF solution for about 30 minutes,'and
washed with water to rémove the ultrathin silicon oxide
film formed on the porous layer.
(5) The wafer was heat-treated successively under the
20 conditions below in a CVD growth furnace. -The growth
was coﬁducted with the conditions (b) varied for

respective wafers.

(a)' Temperature: 1150°C
Pressure: 760 Torr
25 ' Gas: H,, 230 (L/min)

" Time: 7.5 min



20 The fed source material is not limted to silicon or

silicon type gas, but may be a heteroepitaxy material of Goup IV
such as SiGe, and SiC, or a conpound sem conductor such as GAs.
(4) Gowth: 25 After conpletion-oPSthe bl ocking of the pores by
the smal | amount feeding of the source material, the rate of the
succeeding growh is not specially |imted,

- 49 - and may be the sanme as usual growth on bul k silicon.

The succeeding gr h may I .pro continuously at the
sane rate as the gﬁé arm%mp%v\%%ur% i?Leedl ng growh, or with different

kind of gas. These u%% not ag@bngbrghe requi rement of the present

i nvention. The gromﬂﬁ nay e interrupted at the tine of conpletion
of the snmall-anount-gas.feeding grcw$k123o (L/mfRy the required source
material may be newy fed, al though the processes are not separat ed.
In any way, 10 t he nnnocrystalIsag(ﬁdewdfiagu@wmLymlh)de5|red | ayer

t hi cknéss. Fig. 4D shows schenatlcally a sectional ~view of this
state. 5 Threamgr:om h tenperaturé& afint hi s process can be
control |l ed i ndependently of the above process (3). 15 Lowering of the-

treat ment tenperature i fhehifdopr sedesof SiH,Cl, for the respective
wafers was 0.005, 0.01, 0.05, 0.1, or 0.25
(L/min). The growth rate was 2.8, 5.6, 28,

- 56, or 140 nm/min, correspondingly.

10 (e) Temperature:  1150°C
Pressure: 760 Torr
Gas: H,/SiH,Cl, 230/0.25 (L/min)
Time: 13 min

By the above heat treatments, monocrystalline

15 silicon layers were formed in thickness of about 2 pm.
(6) The crystal defects were developed by Secco
etching, and the density of the crystal defects in the
monocrystalline silicon layer was measured by a
Nomarskii differential interference microscope. As the

20 results, most of'the crystal defects_were lamination
defects, and fhe density'was, depending on the SiH,Cl,
flow.rate-in the heat treatment (b), respectively,
2.1x10%/cm? at 0.005 L/min, 3.4x10%/cm?® at 0.01 L/min,
1.1x10%/cm? at 0.05 L/min, 1.2x10%/cm? at 0.1 L/min, and.

25  1.2x10°/cm? at 0.5 L/min. Thus the introduction of the
step (b) and the lowering of the gas flow rate in the

step (b) from 0.05 to 0.01. L/min or lower decreased



prevents coarsening of the porous silicon structure, and aut odopi ng
or solid diffusion of inpurity such as boron and phosphorus fromthe
porous silicon. The material o 6the grown nonocrystalline |ayer
is- 20 not linmted to silicon or silicon type gas, but may be a
het er oepi taxy material of Goup IV such as Si Ge, and SiC, or a
conpound sem conduct or such as GaAs, and nay be different fromthe
material for the small anpunt mat eri al feeding process. 25

The process of %Qﬁa'i? 8¢ thavsahaaataanaaekéeeba@nsny by!® EQeeBLige of
SA structure through paftial renoval of epitaxial growth layer by

FI POS and sel ecth¥@t 1/3 to 1/5. Since the lamination defec®Odensity
oxi dation of porous silicon, and al so applicable to het er oepi t axi al

growt h, on an eWh*saébﬂbaﬁabﬂ.éOﬁd 8jat in Exahpleel, oth@osteps 6chiL£en | ayer,
of a conpound sem conductor such as GaAs, or Goup IV type such as 5
SiC, and Si Ge. considered nﬁhetprafEBCtluhendeﬁectsfdematlbnd bel ow i n nore
detail by reference to Exanpl es. . Example 1 Thi s Exanpl e
shows redubti onThérefgzeal thef combinatidf of theeplowxgrdwih|pronessayer
formed on a porous silicon " according to the present invention.
(b) with the rapid growth step (c) shortened the growth
time by a factor of about 1/2 to about 1/50 from the
growth rate ratio Qithout'inc;easing the crystal.
defects. |
10 Example 3
(1) Five 5-inch silicon(100) wafers were prepared
which contained bofoq as a p-type impurity, and had a
resistivity of 0.01 to 0.02 Qcm.
(2) In a mixed solution composed of 49% HF and ethyl
15 alcohol (mixing.ratio 2:1), the above silicon wafer was
placed as fhe anode, and a platinum plate of 5 inch
diameter was placed as the cathode in opposition to the
silicon wafer. The reverse face of the silicon_wafer
was coated to prevent conduction to the platinum plate
20 through the solution. The side edée of the silicon
wafer was also coated, wheféas the entire of the front
face of the silicon wafer was bared to conduct to the
platinum plate through the solution. The silicon wafer
was anodized by applying electric current between the
25 silicon wafer and the platinum plate at a current

density of 10 mA/cm? for 12 minutes to form a porous

- silicon surface layer of 12 pum thick. This anodization



(1) Five 5-inch silicon(100) wafers were prepared whi ch cont ai ned
boron as a p-type inpurity, and had. a resistivity of 0.01 to 0.02
@xm 15 (2) In a mxed solution conposed of 49% HF and et hyl

al cohol (mixing ratio 2:1), the above siti&dn-wafer was pl aced as
the anode, and a platinumplate of 5 inch - diameter was placed as the
cat hode in opposition to the silicon wafer. The back face of the
silicon wafer was 20 coated to prevent conduction to the platinumplate
t hrough the sol ution e si s al_so

% dg %h fer

coat ed, mhereasWFﬁepEﬁFther PRe F?BﬁF ive wafFﬁﬁeSSPafﬁgmgyric@ﬁemﬁfer

was bared to cong%c%aggrghgsg 8 gogg ughgegt %hggg QCQQS §Iut|on. The
izeéd b

silicon wafer was ~an app yin &l 8¢ °C urrent et ween t he
silicon wafer a | Akl e aGur egs 0
nA/cn{err] for ?%r%?%ﬁ?egé?gﬁgégﬁﬁg %%d wal £80ha to havdedSpb¥olity

51 ofShbbaen2pnface Iayer of 12 pmthick. This anodization
was practlced for respective wafers separately. One of the wafers
having a perous (B3jyernhsagagel] GasCg1hBed in a RBODO§kbYtRE&EYHABBNt anand was
found to have a porosity 5 of about 20% (3) The five wafers
havi ng a. por oushehlkti-¢p8at@8csuneessively uhdest ¢Hef 6bnaxtdohsoBedbw.
400[ err] C in an oxygen at nosphere

The growth was conducted with the conditions (b) varied

~ for respective wafers.

(a) Temperature: 900°C
10 Pressure: 26 Torr
- Gas: H,, 230 (L/min)
Time: - 7.5 min
(b) Temperature: 900°C
Pressure: 20 Torr
15 . Gas: H,, 230 (L/min)

SiH,, variable (L/min)
Time: 5 min
..The flow rate of SiH, for the respective
five wafers was 0.005, 0.01, 0.05, 0.1, or
20 0.5 (L/min). The growth rate was 2.8, 5.6,

28, 56, or 140 nm/min, correspondingly.

(c) -Temperature: 900°C
Pressure: 20 Torr |
Gas: H,/SiH, 230/0.25 (L/min)
25 Time: - 13 .min

By the above heat tfeatments, monbcrystalline

silicon layers were formed in thickness of about 2 pm.



for one hour. The oxidation under such conditions gave oxide filns

of as thin as not nore than 50 A. 10 Therefore, the silicon oxide film
is formed only on the surface and §§re wal I s of the porous silicon,
| eavi ng nmonocrystalline silicon unoXidized in the interior as

shown i n Japanese Patent Lai d-Open Application No. 5-217827. 15
(4) The five wafers were imersed in an aqueous diluted 1.25% HF
solution for about 30 mnutes, and washed with water to renove the

ultrathin siliqony Opde crystal fdielf@cftrs_()%%edé%ﬁ%?%doszt Baceer ous |ayer.
(5) The wafer was heat-tréated successively under the 0 condi tions

bel ow in a CVDei [ endeahe dERSiGHOWEN the cryeralcaetecited iw tdhet he

conditions (b) varied for - respective wafers. (a)
Tenperature: mbhofrg¢stalline silicon Bagesumwas measuzed Bgra 25

Gas: Herr], 230 (L/mn) Ti me: 7.5 mn
- 52 - Nomar@iii diffemeertdalr dnterfeseneer pdcroscope. Aspitéesure:
760 Torr Gas: Herr], 230 (L/mn)

S:
Si H err] CF er r respditisabmest ofi the crystal defects were lamination

defects, and the density was, depending on the_SiH4 flow
rate in the heat treatment (b), respectively,
'2.1x10%/cm® at 0.005 L/min, 3.4x10%/cm® at 0.01 L/min,
1.1x10%/cm® at 0.05 L/min, 1.2x10%/cm? at 0.1 L/min, and
10 1.2xlb%kmﬁ at 0.5 L/min. Thus the introduction of the
step (b) and the‘lowering of the SiH, gas flow.rate in
the step (b) from 0.05 to 0.01 L/min or lower decreased
remarkably the lamination defect density by a factor of
about 1/3 to 1/5. .
15 Example 4
(1) Five 5-inch silicon(lOO) wafers were prepared
which contained boron as a p-type impurity, and had é
resistivity of 0.01 to 0.02 Qcm.
(2) In a mixed solution composed of 49% HF and ethyl
20 alcohol (mixing ratio 2:1), the above silicon wafer was
placed as the anode, and é'platinum plate of 5 inch
diameter was placed as thg cathode in opposition to the
silicon wafer. The reverse face of the silicon wafer
was coated to prevent.conduction to the platinum plate
25 through the solution. The side edge of the silicon
wafer was also coated, whereas the entire of the front

face of the silicon wafer was bared to conduct to the



-5 Ti me: ' 5 mn The flow rate of

SiHerr]OJ[err] for the respective waf ers was 0. 005, 0.01,
0.05, 0.1, or 0.25 (L/mn). The growth rate was 2.8, 5.6, 28,
56, or 140 nm m n, correspondivmgly. 10 By adj usting
the gromh tine, -nonocrystalline silicon layers were forned in

t hi ckness of about 1 [err]m (6) The crystal- defects were devel oped
by Secco etching, and the density of the crystal defects in the
monocrystal |i ne,sidifan §aned msoag@@seﬂee%&wﬁonﬁ Thel,\@lﬁ r
differenti al |ﬁ%erferencde m cr oscope. results, rmst o‘? t he
crystal defect S«vd’@réméﬂ'ﬂétﬁtﬂyorhpplylng @f&%ﬁc A danSidah a
depending on the SiHerr]C[err] low rate in the heat treatnent

(b), respectivedilicon wafedx d{ErtHd Cp’ﬂdﬂflrﬂunﬁtpl%t@%ﬁ—/a{”dhrrent
3.5x10[err]/cnferr] at 0.01 L/mn, 20 1. 1x10[err]/cnferr] at 0.05
L/ m n, 1.3x10[ eleridicty erff |1GatmAY.cin’l fornl2aminutes tolfadxhOhepokbaserr] at

0.5 L/min. Thus the introduction of the step (b) and the | owering of
the gas fl%w r @&idiigpn [rurface lagteap qH1 2 pomthiek.t o ThiGl dnodizatridower
decr eased remar kably the |am nation defect density by a factor of

25 about 1/ ¥a$ pmasticed for resperidvieeaiefeysaseparafiedass e mfasur ed

n of 50 [err]msquare by interatomc force
PySZC?nnlng the wafééé(%av1ng a porJus f%yer wéé subJected to

porosity measurement, and was found to have a porosity
.of about 20%.

10 (3) The five wafers having a porous silicon wafer were
treated for oxidation at 400°C in an oxygen atmosphere
for one hour. The oxidat;on under such conditions gave
oxide films of as.thin as not more than 50 A.
.Therefore, the silicon oxide film is formed only on ﬁhe

15 surface and pore wallé of the pbrbus silicon, leaving
monocrystalline silicon unoxidized in the interior.

(4) The_five wafers wére immersed in an aqueous
diluted 1.25% HF solution for about 30 minutes, and
washed with water to remove the ultréthin silicon oxide

20 film formed on the porous layer.

(5) Tﬁe wafer was placed in a CVD growth furnace, and
heat-treated successivély under the conditions below.
The growth wés conducted with the coﬁditions'(b) véried

for respective wafers.

25



m croscopy. The nean'square roughness was 0.21, 0.22, 0.51, 0.52, or

0.51 nmrespectively, corresponding to the gromh rate of 2.8, 5.6,
28, 56, or 140 nm m n. The lowering of the gas flow rate bel ow 28

nm m n 5 decreased the surface roughr®@s-sinmilarly as the

crystal defect density. A comercial Si wafer had a surface roughness
of 0.23 nmas neasured in the sane manner. Therefore the grown
nonocrystalline silicon | ayer had a flat surface conparable to an S

wafer. 10 Exanple 2 This e shows reduction of crysta
defects in ngﬂ?epitaE?ﬂPegPFngh Iaggga?%rned on a porous silicon

wi t hout decreasing t h rate. (1) Five 5-inch silicon(100)
waf ers were preparedpgfg58¥%ﬁich coﬁ?a?%gﬁ boron as a p-type inpurity, and

had a resistivhty.of 0.01 to §.02 I ; (2) I'n a mxed

sol ution conposed ofb é@bFF and ethgf' Zida(Qﬁﬁgﬁﬁﬂ (mxing ratio 2:1), the
above silicon wafer Wage- pl aced as #hg gypde, and a platinum pl ate of
5 inch 20 di aneter was placed as the cathode in opposition to the
silicon wager. Thephack faeempekatieesi!icooovafer was coated to
prevent conduction to the platinumplate t hrough the solution. The
si de edge of the sil pegessure: waf 80 ®asral so coated, whereas the entire
of the front - 25 face of the silicon wafer was bared to conduct to the

pl ati num pl ate t hrou@hsthe sol uti onH, TH3&i(k/aum waf er was anodi zed

by applying electric current between the
SiH,, variable (L/min)

Time: 5 min
10 The growth rate was controlled to 2, 5,
10, 50, or 140 nm/min for the respective

wafers by adjusting the flow rate of SiH,..

(c) Temperature: 900°C
Pressure: 80 Torrxr _
15 . Gas: H,/SiH,Cl, 230/0.25 (L/min)

By the abbve heat treatﬁents, monoqrystalline
silicon léyers were formed ih thickness of aboué 2 pm.
(6) The crystal defects were developed by Sedcq
etching, aﬂd the density of the crystal defects in. the
20 monocrystalline silicon layer was measured by a
Nomarskii differential interference microsdope. As the
results, host of the crystal defects were lamination
defects, and the density was, depending on the growth
rate in the heat treatment (b), respectively, 1x10%/cm?
25 atj' 2 nm/min, 3x10%/cm? at 5 nm/min, 5x10?/cm?® at 10
nm/min,'1.7xi03/cm2 at 50 nm/min, and 1.6x103/cm? at 140

nm/min. Thus the introduction of thé treatment (b) and



- 54 - silicon wafer and the platinumplate at a current

density of 10 mAcnferr] for 12 mnutes to forma porous silicon
surface layer of 12 [err]mthick. This anodi zation was practiced for
respective wafers separately. One of 5 61 the wafers having a porous

| ayer was subjected to porosity neasurenent, and was found to have a
porosity of about 20% (3) The five wafers having a porous
silicon wafer were treated for oxidation at 400[err]C hn an oxygen
at nosphere 10 for one hour. . The oxidation .under such conditiaons gave
oxide filnms of A& t]'rﬂwr?rgglqwcﬂ% % %%Y_‘)ng‘“ko‘”a&e 4 %?&aé:l"lﬁ”é:, (f. eh5| l'i con
oxide filmis f . re wakl s .o e
porous sili con,ﬂ{dggl\%drzg@&/ 19’ rfﬂh/Frtn'@lr?o('::)rrys]’t a| H ﬁée\é%g'-%%%&%ﬁ rﬁér'{'gﬁk(??)zlgd t|tl"ﬁ=J t he

interior. 15 jap(ihatibif ddAER VA= t4E idﬂ?%rci%g- iJt ABRGUGOMS +
diluted 1.25% HFa sol utli on for about Sﬁﬁlﬁlut es, an wagh/gzl v?n th

water .to renove AR UltHeAldYossSiddAAbridt Hice of the lSbistrmrdon the
por ous | ayer. (5) The wafer was heat-treated successively under the

20 condi ti ovbtained iih ahd¥DeHamplle faHd FWBRAMP1ENS e bbserved W3S
conducted with the conditions (b) varied for respecti ve wafers.
(a) Tenper dtighe resolifijosr ro@nning microsddpgssand the pofdisiorr 25
Gas: H2, 230 (L/mn) _
layer structure was found to be coarsened less.
The substrate of this invention, and the one of
Example 2 grown respectively at a rate of 5 nm/min, and
10 5.6 nm/nm in the heat treatment (b) were subjected to
SIMS (secondary. ion mass spectfometry) analysis to
measure concentration distribution of boron in the
depth direction. 1In the substrate of Example 2, the
epitaxial silicon layer contained boron at a
15 concentration of 10¥/cm® or higher throughout the
layer, wheréas in the substrate of this example, boron
was found to have diffused into the epitaxial silicon
layer only abbutlloo nm from the interface with the
porous silicon, and the surface si@e therefrom
20 contained boron at a concenpration of about 10%/cm®.
Thus, decrease of the crystal defect density and
preventioh of the diffusion of boron from the porous
layer were simultaneously realized.
Example 5
25 (1) Two 5-inch silicon(100) wafers were prepared which

contained boron as a p-type impurity, and had a

resistivity of 0.01 to 0.02 qcm.



Ti me: 7.5 mn - 55 -

(b) Tenper at ur e: 1150[err] C Pressure: 760 Torr

Gas: Herr], 230 (L/mn) - 62 - _
SiHerr]CJ[err], variable (L/mn) 5 Ti me: 5 mn
The flowrate of SiHerr]C[err] for the respective waf ers was
0.005, 0.01, 0.05, 0.1, or 0.25 _ (L/mn). The growth rate was
2.8, 5.6, 28, : 56, or 140 nm mn, correspondingly. 10 (c)
Tenper at ur e: 1230[ enr 8Guixed solutiofir €6figbSed of 49¥68F T@hd ethyl

Gas: H2/ SiHerr]d[err] 230/0.25 (L/mn). _ Ti me:

13 mn . alcoBylt miabngeratad 2t #df{ mehésabovaosiysteh!| water lhas
silicon layers were forned in thickness of about 2 [err]m (6) The
crystal defectsphareddasetbpeanogesesand a platipumhphgteanfl $héndensity of
the crystal defects in the nonocrystalline silicon |ayer was
measured by a diametegpupskplagedfasefbfarathedes inepprrosd tioBctpethads t he
20 resulLts, npst of the crystal defects were | am nation def ect s,

and the de S|tyshé§°°ﬂeﬁéﬁﬂan EHetﬁ%V§$Ffef?$€J?€rF?e silicop|@afeste in

i vel
the heat treatnent gteée eg%evgn¥ conductlon to the platlnum plate

through the solution. The side edge of the silicon
wafer was also coated, whereas the entire of the front
face of the silicon wafer was bared to conduct to the
10 platinum plate through the solution. The.eilicon wafer
was anodized by applying electric current between the
silicon wafer and the platinum plate at a current
density of 10 mA/cm? for 12 minutes to form a porous
silicon surface layer of 12 pym thick. This anodization-
15 was practiced for respective wafers separately. One of
the wafers having a porous layer was subjected to
porosity measurement, and was found to have a pofosity
of about 20%. |
(3) The two wafers having a porous silicon wafer were
20 treated for oxidation at 400°C in an oxygen atmosphere
for one hour. The oxidation under such conditions
formed oxide films of as thin as not more than 50 A.
Therefore, the silicon oxide film is formed only on the
surface and pore walls of the porous silicon, leaving
25 monocrystalline silicon ﬁnox;dized in the interior.
(4) The five wafers were immersed in an.aqueous |

diluted 1.25% HF solution for about 30 minutes, and



2. 1x10[err]/cmerr] at 0.005 L/mn, 3.4x10[err]/cnferr] at 0.01 L/ mn,

1. 1x10[err]/cnferr] at 0.05 L/mn, 1.2x10[err]/cnferr] at 0.1 L/m n, and.
25 1.2x10[err]/cnferr] at 0.5 L/nin._TEgs_the i ntroduction of the

step (b) and the lowering of the gas flowrate in the step (b) from
0.05 to 0.01. L/mn or |ower decreased

- 56 - remarkably the | am nation defect density by a factor of
about 1/3 to 1/5. Since the |am nation defect density was conpar abl e
to that in Examlsaea wike wheRr( &b remove theoRitdarednnellieoal badlet he
defect formation.. Therefore, the conbination of the slow growh
process f&hh|Wb&heﬂhanr&hédp@tﬁﬂ&hl&yeﬁ (c) shortened the growth
time by a factor of about 1/2-to about 1/50 fromthe growh rate
ratio w thout i(13Qr eThiengatfee emgspdaced in adeveacgsowth) furfiagep| eénd

(1) Five 5-inch silicon(100) wafers were prepared whi ch cont ai ned
boron as a p-t eati-rrested sacdessdvely undery gbescopddfionsobgiowe 0. 02
[err] cm (2) I'n a mxed solution conposed of 49% HF and ethyl 15
al cohol (% xi ng d&i o 2: Tempexatygeie siROOR wafer was pl aced as the
anode, and a platinumplate of 5 H@h di anmeter was placed as the

cat hode in oppositi EFSSSUERE TPEEn wafer. The reverse face of the

silicon wafer Gas: H,, 230 (L/min)
Time: 7.5 min
(b) Temperéture: 1120°C
10 Pressure: 80 Torr
lGas: 'H,, 230 (L/min)

SiH,Cl,, 0.005 (L/min)

Time: 5 min
(c) Temperature: 900°C .
15 Pressuré: " 80 Torr o
Gas: H,/SiH,Cl, 230/0.4 (L/min)

By the above heat treatménts, monocrystalline
silicon layers were formed in a thickness of about 0.25
pm. The thickness the formed monocrystalline silicon
20 layer was measured at 100 lattice.points at intervals
of 1 cm oﬁer the entire of the wafer surface by a
spectroreflectance method. The layer thickness
distribution was 252 nm # S.i nm (3.2%).
In the crystal growth on one of the two wafers,
25 the heat treatment (b) was omitfed.
| (6) The respective wafers were treated for oxidation

in an atmosphere of a mixture of oxygen and hydrogen at



was coated to prevent conduction to the platinumplate 20 t hrough t he
solution. The side edge of the silicon waf er was al so coated,
whereas the entire of the front face of the silicon wafer was bared
to conduct to the pl ati num pl ate thrdugh the solution. The silicon
waf er was anodi zed by applying electric current between the 25
silicon wafer and the platinumplate at a current - density of 10

mV cnferr] for 12 minutes to forma porous silicon surface | ayer of
12 pmthick. Thj od| t|on - 57 -
wasppractlced f 0 ‘?% %\/«ff’e]r’sc%meel?l“b?bf g0 nm thigKe yafers

oo bovey pﬁr B ya%é#eblv?aéfrda%ﬁama sprortd Pl SIRA Y Rbns 0
pl aced i h a w%ﬂl{n?%&r&éﬁ n&?%]ecﬁ'p%evﬁ% cleg}\ee% ?ﬁcfeaq.ls}lcatc{e Conlc}}% under

t he condltlons was con I ons
(b) varied semfé&ndﬁﬁ%&¥“§f6bé§§‘”Shd the surfd&@s of tHARA Al €:

900C 10 Pr essur e: Torr Herr],
230 (L/mimp were brouéﬁﬁﬁinto contact togékﬂéﬂ“élowly. Théﬂ@by the

Tenper at ur e: 900[err] C Pressure: 20 Torr
. two wafers came to be bonded and integrated. Then the

bonded wafets were heat-treated at 800°C for 2 hours.
The resulting two pairs of bonded wafers were observed
by infrared camera. As the results of the observation,

10 the wafer pair héving been prepared without the

| treatment (b) had several defective bonding- spots in
the peripheral pottion of the wafer, whereés'the one
having been prepared with the treatment (b) had no
defective bonding.

15 (8) The reverse face.of the wafer having_porous.
-silicon layer of the wafer was polished to bare the
entire porous silicon on the entire face of the
substrate. The wafer was immersed in an aqueous mixed
sélution containing HF, H}k, and alcohol for about 2

20 hours to remove the porous silicon by etching, thereby;
the epitaxial silicon layer came to be transferred onto
the second wafer with interposition of silicon oxide.
(9) This substrate was heat-treated at 1000°C in a
100% hydrogen atmosphere for 6 hours.

25 (10) The entire surface of the epitéxial silicon layer
was observed carefully with a Nomarskii differential

interference microscope. The substrate having been



15 Gas: H2, 230 (L/nin)

SiH err], variable (L/mn) - Ti ne: 5 mn

The flow rate of SiHerr] for the respecti e five wafers mas
0.005, 0.01, 0.05, 0.1, or 20 0.83%C/min). The growth rate was
2.8, 5.6, 28, 56, or 140 nn1n1n correspondi ngly. (c)
Tenper at ur e: 900C Pressure: 20 Torr Gas:
H2/SiH4 230/0.25 (L/mn) 25 . : Ti me: 13.mn

By the above healeddead Qﬁ’%}ﬁ:nﬁ%r&%ﬁdérﬁe(b) of thd YD | @Fadere .

formed in thickness of about

58 - dwutTh@mrpi&irmlébefcﬁptﬁum&f@@éel epRd Ve dSe i ch are

etching, and the density of the crystal defects in the N o
monocryst al | i necidiidsied aye baeVeForists bye@tdhing of the\@idHigen oxide

differential interference mcroscope. As the 5 results, nost of the

crystal defect silar dyt athenataiing solutdelre tiavingn penet rétied tthrsasgh

depending on the SiHerr] flow rate in the heat treatnent (b),

respectivél y, the pinhobel)[igrtd /the dntierfiace ©F5 bondiimg. The

3. 4x10[err]/cnferr] at 0.01 L/mn, 1. lxlogfrr]/cn{err] at 0.05 '
the Eregitaent dffderr] at

L/ m n, 1.2x10[ &WWgtEate Mavwing beey grepagied wid

. in. Thus the introduction of the _
0.5 L/n1n was observed to have only two voids.

The layer thickness was measured to be 229.5 nm %
8.0 nm (3.5%) over the éntiré face of the substrate.

10 An ohmic contacting electrode was attached respectively
to the surface Si layer of this substrate and the
supporting substrate, and the current-voltage
characteristics were evaluated between the two
electrgdes. No current flowed, and thereby the

15 insulation between the electrodes by the inferpoéed
oxide film was éonfirmgd. In other words,.no pinhole
was formed in the interposed oxide film.

Example 6 |
(1) Five S;inch silicon (100) wafers were prepared

20 which contained boron as a p-type impurity, and had a
resistivity of 0.0l to 0.02 Qcm.

(2) In a mixed solution composed of 49% HF and ethyl
alcohol (mixing ratio 2:1), the above silicon wafer was
placed as the anode, and a platinum plate of 5 inch

25 ' diameter'was placed as the dathode in opposition to the
siliconIWafef. The reverse face of the silicon wafer

was coated to prevent conduction to the platinum plate



step (b) and the lowering of the SiH4 gas flow rate in the step (b)
from0.05 to 0.01 L/mn or |ower decreased remarkably the | am nation
defect density by a factor of about 1/3 to 1/5. 15 Exanpl e 4

(1) Five 5-inch silicon(100) wafers were grfepared whi ch cont ai ned
boron as a p-type inpurity, and had a resistivity of 0.01 to 0.02
[err] cm (2) I'n a mxed solution conposed of 49% HF and ethyl 20
al cohol (mxing ratio 2:1), the above silicon wafer was pl aced as

he anode, d | at.i | f 5ipch . di | d h
cathode i n oppolrteiah e ealselon s i 5idp etde HR TR ereeitdic of the
Ol f t i an ' | at
25 “Through tHREH RS TS T e WiBleSP HHE LR O ol SGUET P 2 €

al so coat ed, é&@sofh€h§n§iifﬁgﬁ hdfet TP4L bared téEEﬁhdﬁcEr%bstﬂécon_

waf er was bare to conduct to _ o
- Pl abi HEihph 3bEatdr EHBHughetse! $61 @PiorTNe Phd | SON NGk Shafer

was anodi zed by applying electric current between the - silicon wafer.
and the platinuga®! ahédPred BYIa8Plying eledefitd tdutfed®d betwederthefor 12
m nutes to forma porous 5 'silicon surface |ayer of 12 [err] mthick.

Thi s anodi zati o§ilicon wakér pandtthedpiatinens peldte catved afwrsepar ately. One
° density of 10 mA/cmF for 12 minutes_to form a porous |
silicon surface layer of 12 um thick. This anodization
was practiced for respective wafers separately. One of

10 the wafers having a porous layer was subjected to
porosity measurement, and was found to have a porosity
of about 20%.

(3) The five wafers having a porous silicon wafer were
treated for oxidation at 400°C in an oxygen atmosphere

15 for one hour. The oxidation under such conditions
formed oxide films of as thin as not more than 50 A.
Therefore, the silicon oxide film is formed only on the
surface and pore walls of the porous silicon, leaving
monocrystalline silicon unoxidized in the interior.

20 (4) The five wafers were immersed in an aqueous
diluted 1.25% HF solution for about 30 minutes, and
washed with water to remove the ultrathin silicon oxide
film formed on the porous layer.

(5) The wafer was placed in a CVD growth furnace, and

25 heat-treated successively under the conditions below.
The growth conditions'(b) was varied for respective

wafers.



the wafers having a porous |ayer was subjected to porosity

measur enent, and was found to have a porosity of about 20% 10

(3) The five wafers having a porous silicon wafer were treated for
oxi dation at 400[err]C in an oxygen atnosphere for one hour. The
oxi dation under such conditions gave oxide filnms of "as thin as not
nore than 50 A Therefore, the silicon oxide filmis formed only on
the 15 - surface and pore walls of the porous silicon, |eaving

monocrystal line silicon ynoxidized in t \Qt.erior. (4) The five
waf ers were inne??éd in ﬁmﬁﬁﬁgﬁﬂ§e’ ti(iogif:uted 1.25% HF sol ution for

about 30 mnutes, a . washe | water to renove the ultrathin
silicon oxide 20 BgFFFHFFérned ogorﬁéggorous | ayer. (5) The wafer
was placed in a CVDagow h furnacey a : heat -treated successi vel
undeP t he conditionggEéIOML H?hgﬂ%?o%kﬂmmgg conducted with the d
conditions (b) vari @gpes for respecyi gvempafers. 25
- 60 - (a) Tenperature:  1100[err]C Pressure:
80 Torr s (b) Gas: Temperature:H2, 1280°CL/ i n) Ti me:
7.5 mn : '

Pressure: 80 Torr

Gas: H,, 230 (L/min)
' SiH,, variable (L/min)
Time: 5 min |
10 The growth rafe was controlled to 2, 5,
10, 50, or 140'nm/min for the respective

wafers by adjusting. the flow rate of SiH,.

(c) Temperaturei 900°C
Pressure: 80 Torr
15 Gas: H,/SiH,Cl, 230/0.25 (L/min)

- By the above heat treatments, monocrystalline

silicon layers were formed in thickness of about 2 p@.
(6) On.the surface of the wafer, an oxide film was
formed. The wafer and a quartz glass substrate were

20 cleaned chemically as in usual semiconductor process.
The surfaces of the wafer and the quartz glass
substrate-were exposed to oxygen plasma, and washed
with water. The surfaces were brought into contact
together slowly. Thereby the two came to be bonded and

25  integrated. Then the bonded.wafers.were'heat-treated
at 300°C for 2 hours.

(7) The reverse face of the wafer having porous



5 (b) Tenper at ur e: 1100[err] C Pressure: 80

Torr Gas: : Herr], 230 (L/mn)

SiHerr], variable (L/mn) Ti me: 5 mn 10

The growth rate was controlled to 2, 5, — 68 - 10, 50, or 140 nnmi nin
for the respective waf ers by adjusting the flow rate of
SiHerr]. (c) Tenper at ur e: 900[err]C Pressure:
80 Torr 15 Gas: H2/SiH err]d[err] 230/0.25 (L/mn)

By the above heat_ treatnents, ocrystalline . i,licon | gyers were
formed in thickHesCH Laysk ozfm[)“'[q’@rr"‘{ er was pc(]@)Sheﬁié:oc%?ﬁea%ef ects
wer e devel oped by, Secco .etchin d e _densi e crysta
defects in the e%‘re BRAOE fsq’tla cﬁnneoqisﬁq}%cgn lal%e;}:samc/}a% o(r%fee{:t?%r ed by a .

Nomar ski i diff %&gq@éxaalté.nt %rqeerm P qmmesfﬁé{ *SH?: agquequd Gl NS

of the crystal ects were Tamnation the density was,

dependi ng on t Ng, G+ containirrfbtzg-lﬂ,n 1,08, Nadd d1SMIE ok tbout 2

respectively, 1x10[err]/cnferr] at“2 nmmn, 3x10[err]/cnferr] at 5

nm m n, 5%L0[ eriduxd1{#s 'dentfvel ®he poroudlgiilicoh biX EHcing,Crdhirddbygt 50
nm mn, and 1.6x10[err]/cnferr] at-140 nm mn. Thus the

I ntroducti on oftHdegirteatisAntsililcaandayer came to be transferred onto

St the second wafer.with interposition of silicon oxide.
(8) The Crystal defects were developed by Secco
etching, and the density of the crystal defects in the

10 mondcéystalline silicon 1ayer was measured by a
Nomarskii differential interference microscope. As the
results, most of the crystal defects were laminatioh
defects, and the density was, depending on the groﬁth
rate in the heat treatment (b), réspectively, 1x10%/cm?

15 at 2 nm/min, 3><102/'cm2 at 5 nm/min, 5x10?/cm? at 10

' nm/min, 1.7x10%/cm? at 50 nm/min, and 1.6x10%/cm? at 140

nm/min. Thus the introduction of the treatment (b) and
the lowering of the growth rate in the treatment (b)
from 50 to 10 nm/min or lower decreased remarkably the

20 lamination defect density by a factor of about 1/3 to
1/15. ;
Example 7
(1) Five 5-inch silicon(lOO).wafers were prepared
which contained boron as a p-type impurity, and had a

25  resistivity of 0.01 to 0.02 Qcm. |

(2) In a mixed solution composedrof 49% HF and ethyl

alcohol (mixing ratioc 2:1), the above siliqon wafer was



the lowering of the growmh rate in the treatnment (b) from50 to 10
nmmn or |ower decreased remarkably the | am nation defect density
by a factor of about 1/3 to -1/ 15. The cross-sectional face of the
substrates 5 obtained in this exanpl 8and Exanple 2 were observed by
hi gh resol uti on scanni ng m croscopy, and the porous | ayer structure
was found to be coarsened | ess. The substrate of this

i nvention, and the one of Exanpl e 2 grown respectively at -a rate of

o i n. and phdcea Bed AT MW {HBANSRLI LESALAPR: abl) obeLe pul ected to

SI M5 (secondar mass spec

concentration ﬁ'%h%%%%lh%% Bﬁa@%ﬁogs'%PEhEathod .1ﬂ98pgogi%§8h'%6 t&% t he

substrate of Exa axl al i con cont al ned boron

at a 15 - corgenlal katedl. 19her &Lbe%sr l:slacar ohl ¢her s&maegah%tfe&he

| ayer, whereas in the substrate of this exanple, boron found to
have diffused ka0 ddatedPitodprakesit! céAluction tbayae gmh&tmhmubla% nm
fromthe interface with the porous silicon, and the surface side
therefroms 20 throaghaithed sedutioat aTheneQdér&ﬂgenoﬁfthboetllcon
10[err]/cnferr]. Thus, decrease of the crystal defect density and
preventi on -of Mhéem'hbuSBdsoobohaedn fwhemetlse ther entire of theydromdr e

si mul t aneously realized. Exanple 5 25 (1) Two 5-inch
silicon(100) wdeeges ofertthepsddicon wafer was baredntei rendusitokca¥hg p-type
I mpurity, and had a resistivity of 0,01 to 0.02 [err] cm

platinum plate through the solution. The silicon wafer
was anodized by applying electric current between the
10 silicon wafer and the platinum plate at a current
density of 10 mA/cmz'for 12 minutes to form a porous
silicon surface layer of 12 pm thick. Thié anodization
was practiced for respective wafers separately. One of
the wafers having a porous layer Qas subjected to
15 porosity measurement,‘and was found to have a porbgity
of about 20%.
(3) The wafer was plaeed in a CVD growth furnace, and
heat-treated successively under the conditions below
for. the growth. The growth conditions (b) were varied
20 for respective wafers.
(a) . Temperature: 900°C
_Preséure: 20 Torr
Gas: H,, 230 (L/min)
Time: | _ 7.5 min

25



- 62 - (2) I'n a mxed solution conposed of 49% HF and et hyl

al cohol (mxing ratio 2:1), the above silicon wafer was pl aced as

t he anode, and a platinumplate of 5 |nch70 : di aneter was placed as the
cat hode in opposition to the 5 silicon wafer. The reverse face of the
silicon wafer was coated to prevent conduction to the platinumplate
t hrough the solution. The side edge of the silicon waf er was al so
coated, whereas the entire of the front . face of the silicon wafer
was bared to condusy to tiémpdihtuddAti RpERiHKAe through the solution. The
silicon wafer . was anodi zed by applying electric current between the
silicon wafer and tlEerggsdtreim pl atz0 atoxxr curr ent density of 10
mVcnferr] for 12 mnutes to forma porous silicon surface |ayer .of
12 pmthick. This ar@aszation 15 szagsprad:.t/tnmad for respective wafers
separately. One of the wafers having a porous |ayer was subjected
to porosity nmeasur enent, and®ifs Pe0A8 {b/mamd a porosity of
about 20% Orl}ﬂ_i_The two wafers having a porous silicon wafer were 20
treated fot oxidati B&: 400[err] C in arP ®dpgen at nosphere for one

hour. The oxi dation under_such conditions forned oxide films of as
thin as not nore than 50 W€ temperafynefqr, ll%é'eﬁﬂqwﬁ’%ﬁld@ filmis

caving 25 nonocHRESRS MRS S0 Rbn TREG a7/ En ARE e o

900°C. The growth rate was 2.8, 5.6, 28, 56,

or 140 nm/min, correspoﬁdingly.

10 (é) Temperature: = 900°C
Preésure: 20 Torr
. Gas: H,/SiH, 230/0.25 (L/min)
Time: 13 min

By the above heat tréatments, monocrystalline

15 silicoh layers were formed in thickness of about 2 pm.
(4) The crystal defects were developed by Seccb
etching, énd the density of the crystal defects-in the
monocrystalline silicon layer'was measured by a
Nomarskii differential interference microscope. As the

20 results, most of the crystal defects were lamination |
defects, and tﬁe density was, depending on the |
temperatufe in the heat treatment (b), respectively,
2.1x10%/cm? at 900°C, 3.4x10%/cm? at 800°C, 1.2x10°/cm? at
770°C, 5x10°/cm?® at 750°C, and 1.2x10%/cm? at 700°C

25_- L/min. Thus the introduction of the heat-treatment (b)
and - the raise of the temperature in the heat treatment

(b) from 770°C to 800°C decreased remarkably the



(4) The five wafers were i Mmersed in an aqueous diluted 1.25% HF
solution for about 30 m nutes, and -

63 - washed with water to renove_ the ultrathin silicon oxide
fil'mformed on the porous |ayer. 1531The waf er was placed in a C/D
growt h .furnace, and heat-treated successively under the conditions
bel ow. 5 (a) Tenper at ur e: 1120[err] C Pressure:

80 Torr Gas: : Herr], 230 (L/mn) Ti me:
7.5 mn T t OLe ure:

80 Torr laSPA%h;on §OP&ELE Hé§f1t¥]6§ éof%%§b 1€f about 1/86£§
SiHerr]d[err] /PQQS(L/mn) Ti me: 5 mn

(c) Tenpera%ure - 900[err]C 15 Pressure: 80 Torr

Gas: gﬂ&ﬁ?iéSgH[err]d[err] 230/ 0.4 (L/ mn) ‘By the
above heat treatnents, nonocrystalline silicon layers were fornmed in
a thickness of ghbputrdv@Ss-inch sphicdhe(L00§knesers wetor pedpared
nonocrystalline silicon 20 | ayer was neasured at 100 lattice points at.

~intervals 5 whiéh lcontainredt berent aseaop- typemﬁmpur$uyfaandbgad a
spectrorefl ectance nethod. The l'ayer thickness
resistivity of 0.01 to 0.02 Qcm.
(2) In a mixed solution composed of 49% HF and ethyl
alcohol (mixing ratio 2:1), the above silicon wafer was
placed as the anode, and-a platinum plate of 5 inch
10  diameter was placed as the cathode in oppoéition to the.
silicon wafer. < The reverse face of the silicon wafer
was coated to prevént conduction to the'platinum plate
through the solution. The side edge of the silicon’
wafer was also coated, whereas the entire of the front
15 face of the silicon wafer was bared to conduct to the
platinum piate through the solution. The silicon wafer
was anodized by applying electric current between the
silicon wafer and the platinum plate at a current
density of 7 mA/cm? for 12 minutes to form a porous
20 silicon surface 1éyer of 12 pm thick. This anodization
was practiced for respecti;e wafers separately. One of
.the_waferé having a porous layer was subjected to
porosity measurement, and was found to have a porosity
of ébout 16%.
25 (3)' The wafer was placed in a CVD growth furnace, and
heat-treated successively under the condifions below.

The growth conditions (a) was varied for respective



di stribution was 252 nm 8.1 nm (3.2%. In the crystal growth

on one of the two wafers, 25 the heat treatnent (b) was omtted. .
_(6) The respective wafers were treated for_ oxidation in an

at nosphere of a m xture of oxygen and hydrébéh at '

- 64 - - 900C to forma silicon oxide filmof 50 nmthick

(7) The above wafer and a second wafer having an oxide filmfornmed

t hereon were cl eaned chem cally as in usual sem conduct or process,

and the surfaces pof the wafers 5 wer e brought into contact together

slowy. TheredPIHeE- two wafers canme to be bonded and integrated. -

Then the . b ed at ed at 800[err]C for 2 hours.

The resul ting tmp%gl rsm‘g E} f(?{d&&fersdm(g&e observed by infrared

canera. As the resu'ﬁfe%uféle obserymtpyy 10 the wafer pair having
been prepared w thout t treatment (b) had several defective
bondi ng spots in Gas: t he periphegal 2gor (iLgmiaf) the wafer, whereas the
one havi ng been prepared With the treat ment (b) had no

def ective Honding. 15 (8) The sigr varfiadbdeof( L/ményaf er havi ng porous
silicon |l ayer of the wafer was polished to bare the entire porous
silicon on the entireidece of the S5anixstrate. The wafer was i mersed
~in an aqueous m xed

The flow rate of SiH, was set for each of

the five wafers to be 0.005, 0.01, 0.05, 0.1,

or 0.5 L/min, respectively. The growth rate

10 was 2.8, 5.6, 28, 56, or 140 nm/min
‘correspondingly. |
{b) ' Température: .900°C
Pressure: 20 Torr
Gas: H,/S8iH,, 230/0.25 (L/min)
15 Time: 13 minutes

- _ ~ By the above heat treatments, monocrystalline'

silicon layers were formed in thickness of about 2 um.
(4) Thé crystal defects were developed by Secco
etching, and the density of the crystal defects in the

20 monocrystaliine silicon layer was measured by a
Nomarskii differential'interference microscope. As the
results, ﬁost of the_crystal defects were lamination
defects,'and the density'was, depending on the flow
rate of SiH, in the heat.treatment'(a), regpectively,

25 4x10%/cm? at 0.005 L/min, 5x10?/cm? at 0.01 L/min,
1.5x10°/cm? at 0.05 L/min, 1.7x10°/cm? at 0.1 L/min, and

1.7x10%/cm? at 0.5 L/min. Thus the introduction of the



solution containing HF, Herr](err], and al cohol for about 2 20 hour s
to renove the porous silicon by etching, thereby, t he

silicon layer cane to be transferred onto
i nterposition of silicon oxide.

at 1000ferr]Cin a 100% hydr ogen at nosphere for 6 hour
The entire surface of the epitaxial silicon |ayer was
carefully with a Nomarskii differenti al i nterference n1croscope The

havi
;S)lr“;;; g]lewi ? KBB?‘&Q%@Q?‘P‘éa Fent oiPR L TRE 1Y P SShEF\a%IlOW rate a%%uﬁlli?o ]

or ne
E;ng?Lﬁ?ngnogh? @Ugléfggﬁégg?%e'PQ)V¥!5¢[§HQ§) k&a%fqgﬁ%g §§€ %lon havi ng

penetrated throg8breaSed réhfribal tﬁla%lmﬁﬁéﬁdmzﬁéfé&@ &ndopdi

substrate having been prepared wt

t he treatment

epi t axi al

t he second wafer with
(9)73hts substrate was heat-treated

s. 25 (10)
observed

‘a The
was observed

to have only twadbfSof about 1/3 tdhe/sayer th!ckness was neasured to be
229.5 nm[err] 8.0 nm (3.5% over the entire face of t

10

An oh%ri c cEmdmplen® el ectrode was attached respectively

surface Si layer of this substrate and the supporting
t he current-vol th)e Three 5cimchctiElicon Mk rwatarcs ueess fregpeesdt he t wo

el ectrodes. No current flowed, and thereby the
which contained boron as a p-type impurity, and had a

resistivity of 0.01 to 0.02 Qcm.

he substrate.
to the
substrate, and

(2) In a mixed solution composed of 49% HF and ethyl

10 alcohol (mixing ratio 2:1), the above silicon wafer was

placed as the anode, and a platinum plate of 5

inch

diameter was placed as the cathode in opposition to the

silicon wafer. The reverse face of the silicon wafer

was coated to prevent conduction to_the platinum plate

15 through the solution. The side edge of the silicon

wafer was also coated, whereas the entire of the front

face of the silicon wafer was bared to conduct

to the

platinum plate through the solution. The silicon wafer

was anodized by applying electric current between the

20 silicon wafer and the platinum plate at a current

density of 10 mA/cm’ for 12 minutes to form a porous

silicon sﬁrface layer of 12 pm thick. This anodization

was practiced for respective wafers separately. One of .

the wafers having a porous layer was subjected

to

25 . porosity measurement, and was found to have a porosity

‘of about 20%.

(3) The two wafers having the porous silicon wafer



15 I nsul ati on between the el ectrodes by the interposed oxide film-

was confirnmed. In other words, no pinhole was fornmed in the

i nt erposed oxide film Exanpl e 6 (1) Five 5-inch silicon
(100) wafers were prepared 20 which codffained boron as a p-type

I mpurity, and had a resistivity of 0.01 to 0.02 [err]cm : (2)
In a m xed sol ution conposed of 49% HF and et hyl : al cohol (m xing
ratio 2:1), the above silicon wafer was “placed as the anode, and a

pl ati num plate _of 5 ..nc dj.anet.er 3 as, t hode in
opposition to t e treamesﬁzlsfoc:ror?x\/\lgggu% e r@ver%gg' %@e g‘fY%%%'e silicon
waf er du 0 | te

66 - “”%%"%"s? b o S g Sl s BBl W B

wafer was al so ﬂiod’!‘efcﬁ%%& e I3 o otfh% "W as notf #ckeLl the
silicon wafer was bared to conduct to the pl ati num pl ate through t he

sol ution. The siHdrt®D v&f errhdreforrs amedisaaddey amalas F91@l @ ridin@d r ent
bet ween t he silicon wafer and the pl ati num plate at a current

density ofs 10 mN1gnidbd athel Zurfades and porewalle afs the pordids con surface
| ayer of 12 pmthick. This anodization was practiced for respective
waf ers separ at elijlicore dfeaviihg mdneoryfsdiad liae $d ldcoor @mmzdlalpmed/vasl
subj ected to
_ . the interior.
(4) The five wafers were immersed in an aqueous
diluted 1.25% HF solution for about 30 minutes, and
10 washed with water to remove the ultrathin silicon oxide
film formed on the porous layer.
(5) The wafer was placed in a CVD growth furnace, and

heat-treated sudbesSively under the conditions.

(a) Temperature: 1120°C
15 Pressure: ' 86 Torr .
Gas: H,, 230 (L/min)
Time: | 7.5 min
(b)  Temperature: 1120°C
Pressure: 80 Torr
20 Gas: H,, 230 (L/min)

SiH,C1l,, 0.005 (L/min)

_Timé: 5 min
(c) Temperature: 900°C
Pressure: 80 Torr .
25 ' Gas: H,/SiH,C}, 230/0.4 (L/min)

By the above heat treatments, monocrystalline

silicon layers were formed in a thickness of about



porosity neasurenent, and was found to have a porosity of about 20%
(3) The five wafers having a porous silicon wafer were treated for
oxidation at 400[err]C in an oxygen atnosphere 15 for one hour. The
oxi dation under such conditions forfred oxide filnms of as thin as not
nore than 50 A Therefore, the silicon oxide filmis fornmed only on
t he surface and pore walls of the porous silicon, |eaving
nmonocrystal line silicon unoxidized in the interior. 20 (4) The five
waf ers were imgrsgd, j,;n an aqueous di luted 1.25% HF sol ution for
about 30 m nutes, an washed with water to renove the ultrathin

si licon oxide 1hi kRkf g&g@%aqngkeﬁtﬁoaﬁ%ngaasfrtne two whBrihe wafer
was placed in a CVD growm h fufnace heat -treat ed succe55|vely

under the condlghgnﬁegelngatment (Bhewdsovhiteeadi tions (b) was varied for
respective waf ers. - 67 -

(a) Tenper aggne: Thelt@8peetliGe wafers werePtesatead: for oxB8atabh
Gas: Herr], 230 (L/mn) Ti me: 7.5 mn
5 (b)s Ianpar atmospher&l 0] ar mi€ture of oxygefrasduhgdrogen 8& Torr
| 900°C to form a silicon oxide film of 200 nm thick. |
(7) The above wafer and a second wafer were cleaned
chemically as in usual semiconductor process, cleaned
finally by dipping into a diluted BF solution, and
10 rinéed with pure water, and dried. The surfaces of the
wafers were brought into contact together slowly.
Thereby the two wafers came to be bonded and
integrated. Then the bonded wafers were heat-treated
at 1180°C for 5 minutes.
15 (8) The reverse face of the wafer having pdrous
silicon layer of the wafer was polished to bare the
entire pofous silicon on the entire face 6f the.
substrate. The wafer was immérsed in an aquedus mixed
solution cdntaining HF, H,0,, and alcohol for about 2
20 hours to remove the porous silicon by etching, thereby,
the epitaxial'silicon layer of about 0.2 pm thick came
to be trahsferred onto the second wafer with
interposition of a silicon oxide film.
(9) This substrate was heat-<treated at 1100°C in a
25; 100% hydrogen atﬁosphere'for 4 hours.
(10) The entire surface of the epitaxial silicon layer

was observed carefully with a Noﬁarskii differential



Gas: Herr], 230 (L/mn) SiHerr],
variable (L/ mn) Ti me: 5mn 10 The
growh rate was controlled to 2, 5, 10, 50, or 140 nmMmn for

t he respective vvafers by adj ust8 ng the flowrate of SiHerr].
(c) Tenper at ur e: 900[err]C Pressure: 80 Torr 15
Gas: H2/SiH err]d[err] 230/0.25 (L/ mn) . By the
above heat treatnents, nonocrystalline silicon layers were forned in

t hi ckness of abﬂ’:’ﬁegféféﬂ&é"mlcroscoﬁé) Ghd vl ASE Rivildie pedier, an

oxi de filmwas . The water and a quartz glass substrate were

20 cl eaned Cﬁ}.@éﬂé?:.@éd Wﬁ&lémt Ui + S e U PloPEStep (5) hade
surfaces of the wafer and the quartz gl ass substrate were exposed to

oxygen pl asma, a@shtvasi®pinholes i Nthv@tir fade, And arpsisvetaidi aght into
cont act together slowy. Thereby the two cane to be bonded and 25
I ntegrated. Thewndidetmdden. bavaf@rmedudre diastiing exff ethe silicon @0ijerr] C
for 2 hours. (7) The reverse face of the wafer having porous
- 68 - 5 fikm by othe sgechiig t$elukdeon hawing|penetrateddmnta Hehe
entire porous silicon on the entire face of the
interface of bonding. The substrate having been
prepared with the treatment (b) was observed to have
only two voids.
Example 10
10 (1) Three 5—inch-silicon(i00) wafers were prepared
which contained. boron as. a p-type impurity, and had a
resistivity of 0.01 tp 0.02 Qcm.
(2) In a mixed solution composed of 49% HF and ethyl
alcohol (mixing ratio 2:1), the aboﬁe silicon wafexr was
15 placed as the anode, and a platinum plate of 5 inch
diameter wﬁé placed as the cathode in opposition to the
silicon wafer. The_réVerse face of the silicon wafer
was coated to prevent conduction to the platinum plate
through the solution. The sidé edge of the silicon
20 wafer was also coated, whereas the entire of the front
face of the silicon wafér was ba;ed to conduct to the
platinum plate through the solution. The silicon wafer
was anodized by applying electric current between the
silicon'wafer and the platihum plate at a current
25 density of 7 mA/cm? for 12 minutes to form a porous

silicon surface layer of 12 um thick. This anodization

was practiced for respective wafers separately. One of



substrate. The wafer was i Mmersed in an aqueous m xed sol ution

containing HF, Herr](err], and al cohol for about 2 5 hours to renove
the porous silicon by etching, thereby, _ 77 the epitaxial silicon |ayer
came to be transferred onto the secohd wafer with interposition of
silicon oxide. (8) The crystal defects were devel oped by Secco
etching, and the density of the crystal defects in the 10

~nmonocrystalline silicon |ayer was neasured by a Nomar ski

differential intR&fQarers ﬂ&&fﬁ@cgpﬁmr£§s §¥er was $@Sjedfeq st of the
crystal defects were | am nation and the density was,

dependi ng on t hgoBb&iE measureméﬁe,|@hdhﬁageﬁéuﬁdeﬁ6rﬁiﬁe(&)porosit
respectively, 1x10[err]/cnferr] 15 at 2 nmmn, 3x10[err]/cn{err{ at 5

nm m n, 5x10[ erof/sbpetricas 10 nmmn, 1.7x10[err]/cnferr] at 50
nm mn, and 1.6x10[err]/cnferr] at 140 nm m n. Thus the introduction
of the treatnen(3}b)Thadwafer was hplacedrimga otV hgrowtin furzaee | nande
treatment (b) from50 to 10 nmMm n or | ower decreased remarkably the
20 | anmi dat i opedtftreatedssugcegsivelbyt wnder tihwucondBtieons below/ 15.
Exanmple 7 é% Five 5-inch silicon élOO waf ers were prepared
whi ch contai ned bb®bn as %@TD?&?EP?%purl nd had a 25 resistivity of
0.01 to 0.02 [err]cnl (2) I'n.a mxed solution conmposed of 49% HF and
et hyl al cohol PYEFSYFR" rati o 2 139TFhe above silicon wafer was

Gas: H,, 230 (L/min)

SiH,, 0.005 (L/min)

10 Time: " 5 min
(b) Temperature:. 900°C
Pressure: 80 Torr
Gas: .~ H,/SiH,Cl, 230/0.4 (L/min)

By the above heat treatments, monocrystalline
15 silicon layers were formed in a thickness of about 0.30
- pm.
In the crystal growth on one of the two wafers,
the heat treatment (a) was omitted.
(4) The two wafers were treated respectively for
20 oxidation in an atmosphere of a mixture of oxygen and
hydrogen at 900°C to form a silicon oxide film of 200
nm thick.
(5) The above wafer aﬁd a secdnd wafer were cleaned
chemically as in usual semiconductor process, cleaned
25 finally by dipping into a diluted HF solution, and
rinsed with pure water, and dried. The sﬁrfaces of thé

wafers were brought into contact together slowly.



- 69 - placed as the anode, and a platinumplate of 5 inch
di aneter was placed as the cathode in opposition to the silicon
waf er. The reverse face of the silicon wafer was coated to prevent

conduction to the platinumplate 5 t Hfough t he sol ution. The side
edge of the silicon waf er was al so coated, whereas the entire of the
front face of the silicon wafer was bared to conduct to the .
pl ati num pl ate through the solution. The silicon wafer was anodi zed

by appl ying el etidrdby ¥HSRwdP MRy (difme ¥d be HdrdeRdt atif er and the

pl ati num plate at a current density of 10 mAcnferr] for 12 m nutes

to forma. porodntegrated. | iMHh UHd Honded WafAirsl 4e¥d HYaH trBited
anodi zati on was practiced for respective wafers separately. One of

t he waf ers haviatg 80Qr@ dicer [2ayerursas subjected to 15 porosity:
measurenent, and was found to have a porosity of about 20%

(3) The wafer W& plTheedaverseC\Eaagr oft thieumwafies, hawing porouseat -t r eat ed
successi vely under the conditions bel ow for the growth. The growth
condi ti on® (b) Siddecopmliayer oF thef srafiesspeas ippd ishiegr $o bare the (a)
Tenperature:. 900C .. Pressure: 20 Torr _ Gas:
Herr], 230 (L/qﬂqa].)re porous siligiop.on the entire fapesqff theps

substrate. The wafer was immersed in an aqueous mixed
solution containing HF, H,0,, and alcohol for about 2
hours to remove the porous silicon by etching.

10 Thereﬁy; the epitaxial silicon layer of about 0.2 um
thick came to be transferred onto the second wéfer with
interposition of a silicon oxide filﬁ..

(7) This éubstrate was heat-treated at 1100°C in a
100% hydrogen atmosphere for 4 hﬁurg.

15 (8) The entire surface of the epitaxial silicon layer
was observed carefuily with a Nomarskii differential
interference microscope. The substrate having been
prepared without the treatment (a) of the step (3) had
about 100 pinholes on the surface; and.voids which are

20 considered to be formed by etching of the silicon oxide
film by the etching solution having penetrated into the
interface of bonding. The_substrate having been
prepared with the treatment (b) was observed to have
only two voids.

25 _ Pressure:- 20 Torr

Gas: H,/SiH,C1, 230/0.25 (L/min) -

Time: S min



- 70 - (b) Tenper at ur e: vari abl e Pressure:
20 Torr Gas: Herr], 230 (L/mn)

SiHerr], 0.005 (L/mn) 5 Ti nme: 5 mn :
The tenperature for the respective five~ 79 - . wafers was 700[err]C,
750[err]C, 770[err]C, 800[err]C, and 900[err]C. The growth
rate was 2.8, 5.6, 28, 56, or 140 nm m-n, correspondingly. 10
(c) - Tenper at ur e: 900[err] C Pressure: 20 Torr

Gas: H2/ %ﬁm@e%&éﬁé&t{ B¥atments, monocryd: ]]jinnee 15

13 nmin ove heat treatments, nonocrysta

silicon layers g@rgddr *4) i Kt fi rARMickhd¥B of about (Zumlhe
crystal defects were devel oped by Secco etching, and the (fen3| ty of

the crystal def@erys 1He tdiystal defdBA¥ Gt Advdldpd IO Bdcveer was
measured by a Nomarskii differential interference m croscope. As

the 20 r eswdtichingstard thee densigt defirt cryetal aldfeitsonn the
defects, and the density was, depending on the tenperature in the

heat treatdrent mdnqcrestirltine|silicon layRr] wbE ewdsungdeny] at 900[err] C,
3.4x10[err]/cnferr] at 800[err]C, .1.2x10[err]/cnferr] at 770[err] C,
5x10[ er r]/ cn{ erNgmaxnskaso (& f{egenticll inteo{fanenaenmdqriosgorE0| &g the
results, most of the crystal defects were lamination
defects, and the density was, depending on thé
temperature in the heat treatment (b), respectively,
10 2.1x10*/cm?® at 900°C, 3.4x10%*/cm’ at 800°C, 1.2x10°/cm?® at
770°C, 5><105/cm.2 at 750°C, and 1.2x10%°/cm? at 700°C
L/min. Thus introduction of the heat-treatment (b) and
the raise of the femperature from 770°C to 800°C

decreased remarkably the lamination defect density by a

i5 factor of about 1/3 td 1/1000.



25 L/'mn. Thus the introduction of the heat-treatnent (b) and

the raise of the tenperature in the heat treatnent (b) from
770[err]C to 800[err] C decreased remarkably the

- 71 - | am nation defect density a factor of about 1/3 to
1/ 1000. Exanpl e 8 (1) Fi ve—-5-~ineh—siteon{300) wafers were

prepared 5 whi ch cont ai ned boron as , and had a
resistivity of 0.01 to 0.02 [err]cm mlmﬂmllwm%l d sol ution conposed
of 49% HF and gyt 1s crafhs®hed. (M ximg ratito #:13, the above silicon
waf er was “praced as the anode, and a platinum pI ate of 5 inch 10

di ameter was placed ps thep é*é@@s 'fbﬁ&&%ddéﬂfg t ddificonductds i con
waf er. The reverse face of the silicon wafer was coated to prevent

conduction to té&ebPtpataunavliegea poroud hichitrydeasOing i K idde Bfter edge
of the silicon wafer was al so coated, whereas the entire of the front

15 face of thendidinonpordes mersody=rhlimonsiicdd Ider growp! ati num
pl ate through the solution. The silicon wafer was anodi zed by _
appl yi ng &b ect rthexeon cnvhdmetive crhe honporouss inoremrystfakl amesl ¢iiei gdrat | num
pl ate-at a current density of 7 mA/cnferr] for ‘12 mnutes to forma-
porous 20 silaxem Lsrgrewn|alycar Iovw lgrqwth tate cordixolkesdlisuch on

that the density of remaining poreés on the crystal

growth face is not more than 1000/cm?® at the time when

the nonporous monocrystalliné siligon 1aye: has.grown
10 to é thickness corresponding to the diameter of the

pores of the porous monocrystalline silicon layer.

2. The process for producing a semiconductor

substrate according to claim 1, wherein the nonporous

15 monocrystalline silicon layer is groﬁn on fhé porous
monocrystalline silicon layer in a growth furnace by

feeding a source gas thereto.

3. The process for producing a semiconductor
20 substrate according to claim 2, wherein the source gas
is selected from silane, dichlorosilane,

trichloroéilane, tetrachlorosilane, and disilane.

4. The process for producing a semiconductor
25 substratg according to any of claims 1 to 3, wherein
the porous mdndcrystalline silicon layer is.heated in a

nonoxidative atmosphere pribr to the growth of the



was practiced for respective wafers separately. One of the wafers
havi ng a porous |ayer was subjected to porosity measurenent, and was
found to have a porosity of about _18% _ 25 (3) The wafer was

pl aced in a CvD growt h furnace, and heat -t reat ed successi vel y under

t he conditions bel ow. The gromﬁh conditions (a) was varied for
respective - 72 - —wafers.—

L T orcius Sl 1105 51llcELei2§‘fe§. - R i

vari abl e (L/mn) Ti me:

flowrate of SiH4 was set for each of the f|ve mafers to be

0. 005, 0.01, 0.05,. 0.1, or 0.5 L/mn, respectively. The growh
rate 10 was$-2. 8, Thes pregesss £ogr pm@uﬁwm ﬁ semiconductor
correspondlngly (b) Tenperature Pressure
20 Torr ubstrgie according toyglgim,4, Z§§F81§5tPE/n1n)

Time: - 13 m nutes above heat treatnents

nnnocrystélIin@onOXidatlve atmosphere is a hy§¥ogen atmosphere.

6. The process for producing a semiconductor
substrate according to claim 4, wherein
the prodess comprises e etep of removing a natural
10 oxide film prior to the growth of the nonporous

monocrystalline silicon layer.

7. The process for producing a semiconductor
substrate according to claim 6, wherein the growth rate

15  is not higher than 20 nm/min.

8. - The process for producing a semiconductor
substrate according to claim 4, wherein the growth rate

is not higher than 20 nm/min.

20
9. The process for-broducing a semiconducter
substrate according to claim 5, wherein
the process comprises a step of removing a natqral
oxide film prior to the growth of the nonporous
25 monocrystalline silicon layer.

10. The precess for producing a semiconductor



silicon layers were forned in thickness of about 2 [err]m (4) The

crystal defects were devel oped by Secco etching, and the density of
the crystal defects in the 20 monocrysghall ine siliconTa _
measured by a Nomarskii differential interfer er”m'mmu t he
results, nost of the crystal defects were |am nation '/% mmm”nﬁd
the density was, depending on the flow rate of Sinerf] fn % he heat

treatment (a), respectively, 25 4x10[err]/cnferr] at 0.005 L/min,
5x10[ err]/cn] erddptrfedladddiding to clairdsLO[@idrdien(ttte lgmiwth Gt ni n,

1. 7x10[err]/cnferr] at 0.1 L/mn, and 1. 7x10[err]/cnferr] at 0.5

L/ m n. Thus theid Md®highern thai 20 nm/min. -
73 - treatnent (a) and the lowering of the flowrate of SiHerr]
in the treatnent (a) from0.05 to 0.01 L/mn or |ower decr eased

remar kably the | am nation defect density by a . factor of_ about 1/3 to
1/5. 5 Exanpl e BL. The progese HF RIPAIGING f AANLIREBISAer e
pr epar ed whi ch cont ai ned boron as a p-type inpurity, and had,g
resistivity of suhatrate agcoxding ko claim 3, jwherein,; AT rPte

conposed of 49% HF and ethyl 10 2 al c;)hpl (mxing ratio 2:1), the above
silicon wafer vi% not hlglb%/’éc 220 AR, and a platinumplate of 5
i nch di aneter was placed as the cathode in opposition to the

12. " The process for producing a semiconductor

substrate according to any of claims 1 to 3, wherein
10 the process comprises a step of removing a natural
oxide film prior to the growth of the nbnporous

monocrystalline silicon layer.

13. The process for producing a semicqnductor
15 substrate according to claim 12, wherein the growth

. rate is not higher than 20 nm/min.

14. The process for producing a semiconductor
substrate according to any of claims 1 to 3, wherein
20 the process comprises steps of forming an ultrathin
film on a wall of the porous monocrystaliine silicon
layer, and removing the oxide film on the external
surface of the porous monocrystalline silicon layer
‘prior to the growth of the nonporous monocrystalline

25 silicon layer.

15. The process for producing a semiconductor



silicon wafer. The reverse face of the silicon wafer was coated to

prevent conduction to the platinumplate 15 through the solution. The
si de edge of the silicon waf er was SO co ) € entire
of the front face of the silicon wat®er” was b#uﬂ“”m“m“ﬂntmmg the
pl ati num pl ate through the solution. The silicon wa il n di zed
by applying electric current between the 20 silicon‘water™and t'he

pl ati num plate at a current density of 1? mV cnferr] for 12TH1nutes
to forma poro L& L &O8 ST 0 r t S
anodi zat i OIEI) uéubs?/\%astepf%%atzl ce oé@%g]é%ggteil%/e e e%jgt{ sderf)gar%%h One of
the wafers havipged POrYE RAYREr VaSars W0 S Afid 0 25 porosity _
measur enent, and was found to have a porosity of about 20%

(3) The two wafers having the porous silicon wafer

- 74 - were treated for oxidation at 400[err]C in an oxygen
atnosphere for one hotw. Thrhexpridess fowlepredinding a sentivshidudtse f or ned
oxide filnms of as thin as not nore than 50 A. Therefore, the silicon
oxide filmMis feubstraté accardingnte hny W arkaisl Jpare 3yalwemdin he

por ous silicon, |eaving nonocrystalline silicon unoxidized in

the interior. the prqogss mamprisesdteps @f cformingan jultratiyreous

film on a wall of the porous monocrystalline silicon
layér, removing the oxide fiim on the surface of fhé
porous monocrystalline silicon layer, and heat-treating
10 the pérous monocrystalline silicon layer in a hydrogen
atmosphere prior_to fhe growth Of.the nonporoué

monocrystalline silicon layer.

17. The process for producing a semiconductor
15 substrate according to claim 16, wherein the growth

rate is not higher than 20 nm/min.

18. The process for producing a semiconductor
substrate according to any of claims 1 to 3, wherein

20 the growth rate is not higher than 20 nm/min.

19. The process fof.producing_a semiconductor
substrate according to claim.2, wherein the porous
monocrystalline silicon layer is heated to a

25 temperature of 900°C or higher during the growth of the

noenporous monocrystalline silicon layer.



diluted 1.25% HF solution for about 30 mnutes, and 10 washed with
water to renove the udltrathin silicon oxide filmforned on the
porous | ayer. (5) The wafer was _plg

ﬁ-a—CVD"———TT7——___
heat-treated successively under the condrtrons H“‘m(“ﬁumnml ‘“
Tenper at ur e: 1120[err]C 15 Pressure
Gas: Herr], 230 (L/mn) 7.5 mn
(b) Tenper at ur e: 1120[err] C Pressure 80 Torr 20

Gas: H erzd. 23fhd lgrBd¥ss for producing a semiconductor
SiHerr]dJ[err], 0.005 (L/mn) Ti me: 5 mn

(c) Tenper adubStratd Wiesrding to claim 1Pndsstein the digletsy o£5
Gas: Herr]/SiHerr]C[err] 230/0.4 (L/mn) By the
above heat treathenpcresuiwctlystidtgest pore dimnetsn afiyhss paxaus orned in
a thickness of about - 75 -

0.29 [err]m  monocrystalhindeikicom|layert h on one of the two wafers,

the heat treatnment (b) was omtted. (6) The respective wafers were
treated fo? oxidation _ :

21. A process for producing a semiconductor
substrate having a porous monocrystalline silicon layer
and a nonporous moﬁocrYstalline silicon layer.grown |
thereoh, wherein the nonporous monocrystalline'silicon
10 layer is gfown fisstly at a low growth rate controlled
such that the density of remaining pores on the crystal
growth face.is.not more than 1000/cm? at the time when
the nonporous monécr&stalline-silicon layer has grown
to a thickness corresponding to the diameter of the
15 - pores of the porous mdnocrystalline silicon layer, and.
thereafter the nonporous monocrystalline silicon.leyer_

is grown at an increased growth rate.

22. The process for producing a semiconductor

20 substrate according to claim 21, wherein the nonporous-
monocryétalline silicon layer is grown on the porous
monocrystalline silicon layer in a growth furnace by

feeding'a source gas thereto.

25 ' 23. The process for producing a semiconductor
substrate according to claim 22, wherein the sourcelgas

-is selected from silane, dichlorosilane,



5 I n an atnosphere of a m xture of oxygen and hydrogen at

900[err]Cto forma silicon oxide filmof 200 nmt hick. (7) The
above wafer and a second wafer were clean chem cal

seni conduct or - process, cleaned fi n y by di pﬂmmw “JBﬁ"!E ﬂed HF
solution, and 10 rinsed with pure water, and dri

t he waf ers were brought into contact together slomﬁy .Ther eby
the two wafers cane to be bonded and i ntegrated. Then the bonded
wafers were heairfERpbfEsilane, Bdtrd@SFdd G4y, %rm i St and > (8)
The reverse face of the wafer having porous licon |ayer of the
waf er was polished to bare the entire porous S|I|con on the entire
face of the substrate. The wafer was i nmersed in an aqueous m xed
sol ution containing 2#, H e ]steteds fol pradiming & sdmidoriucfbr hours
to renove the porous silicon by etching, thereby, t he epitaxi al
silicon | ayer osubdtmate. &cpordingktaany of claings [l ttarik3 erwlesirerivi o t he
second wafer with .interposition of a silicon oxide film (9)
Thi's subst%ate thas perous rmonecrystalliliersilidon dlayEr is logated ditogen

at mosphere for 4 hours. (10) The entire surface of the epitaxia
silicon | ayer nonoxidativesatnesphkereRAigr \#Q Hthe NFRIEXi9f dihe erent i al

- 76 -

nonporous monocrystalline silicon 'layer.

25. The process for pfoducing a semiconductor
10 substrate according to claim 24, wherein the

nonoxidative atmosphere is a hydrogen atmosphere.

26. The'process for producing a semiconductor
substrate according to claim 24, wherein
15 the process comprises a step of remoﬁing a natural
oxide film prior to the growth of the nonporous

monocrystalline silicon layer.

27. The process for producing a semiconductor
20 substrate according to claim 26, wherein the growth

rate is not higher than 20 nm/min.
28. The process for producing a semiconductor
substrate according to claim 24, wherein the growth

25  rate is not higher than 20 nm/min.

29. The process for producing a semiconductor



I nterference mcroscope. The substrate having been prepared w t hout
the treatnment (b) of. the step (5) had about 100 pi nholes on the
surface, and voids which are consi deged_to be formed by etching of
the silicon oxide 5 filmby the etching solution having penetrated into
t he i nterface of bonding. The substrate having been

. ar ed
wih the treatrent (0 vas observed cohave % onty tuo (I

whi ch cont ai nedsliBsepade adcBri¥fg tBPULai, 28Ndwhafefn resistivity of
0.01 to 0.02 [err]cm (2) I'n a mxed solution conposed of 49% HF and

et hyl al cehel protessgcomprisé@slya, stép abovemsvingoa materadas 15

pl aced as the anode, and a platinumplate of 5 inch di anet er was

pl aced as the cekhddefidmoppdert tonthe ghewth of théixonpembes. The reverse
face of the silicon wafer was coated to prevent conduction to the

pl ati num pl at e monocrygtaddhneneidsdroni bayerhe si de edge of the silicon 20
waf er was al so-coated, whereas the entire of the front face of the .
silicon waPer was bared to conduct to the pl ati num pl ate through the
solution. The silicon wafer ' was anodi zed by applying electric
current between the 30- TQ?IPEBﬁeﬁﬁfQPraﬂﬂo@“ﬁlﬁgagiﬁéﬂ+%?ﬁ@%°5?ra'

t 25 d i t f 7 mA 1 Il nut es. t
11 con surt ace HEFEFE5P 25PERLIE Rl CASIRIES, HbRTEkD| ShE Srowth oo
practi ced for T 2308CL VRobPheLReR RALR' 5bYamHERD'

10 31. The process for producing a semiconductor
substrate according to claim 29, wherein the growth

rate is not higher fhan 20 nm/min;

32. The process for producing a semiconductor
15 éubstrate according to any of claims 21 to 23, wherein
the procesé comprises‘'a step of removing a natural
oxide. film prior to the growth of the nonporous

monocrystalline silicon layer.

20 33. The process for producing a semiconductor
substrate according to claim 32, wherein the growth

rate is not higher than 20 nm/min.

34. The process for producing a semiconductor
25 substrate according to any of claims 21 to 23, wherein
the process comprises- steps of forming an ultrathin

film on a wall of fhe porous monocrystalline silicon



- 77 - the wafers having a porous |ayer was subjected to

porosity nmeasurenent, and was found to have a porosity of about 16%
(3) The wafer was placed in a CVD growh Byrgaoe, and eat-trea :
successi vel y under the conditions bel ow (a) Ttm‘mm“ﬂ““mﬂ”“\
900[err]C Pressure: 20 Torr Ga 2 i
Herr], 230 (L/min) | SiHerr], 0.005°(L/min) 10
Ti me: 5 mn (b) Tenperature: ° 900[err]C
Pressure: ~ 189elOr and removing tHaSoxide film ofill ehe] eritEraan] C [err]

230/ 0.4 (L/ mn) By tﬁé above heat treatnents, nonocrystalline

15 silicen karFasewdre the podous mohbictlyetasldheabfllicBn3Qayer

[err]m In the crystal growh on one of the two wafers,

t he heat treat petibox( &p whe growtthdof the noppprohs monowmaistalidne treat ed
respectively for 20 oxidation in an atnosphere of a m xture of oxygen
and hydsdddaont 1@@efrarr]C to forma silicon oxide filmof 200

nm t hi ck. (5) The above wafer and a second wafer were cl eaned
chemicall ¢ as in usual sem conductor process, cleaned 25 finally by

di pping into a diluted HF solution, and _ A .
35. The process for producing a semiconductor

substrate according to claim 34, wherein the growth

rate is not higher than 20 nm/min.

10 36. The process for producing a semiconductor
substrate according to any of claims 21 to 23, wherein
the process comprises steps of forming an ultrathin
film on a wall 6f the porous monoérystalline silicon
‘layer, removing the oxide film on the surface of the

i5 pbrous monocrystalline silicon layer, and heat-treating

- the porous monocrystalline silicon layer in a hydrogen
atmosphere prior to the growth of the nonporous

monocryétalline silicon layer.

20 37. The process for producing a semiconductor
substrate according to claim 36, wherein the growth

rate is not higher than 20 nm/min.

38. The process for producing a semiconductor
25 substrate according to any of claims 21 to 23, wherein

the growth rate is not higher than 20 nm/min.



rinsed with pure water, and dried. The surfaces of the waf ers were
brought into contact together slowy.

.- 78 - Thereby the two wafers cagg Lo be bonded and

integrated. Then the bonded wafers were heat-treated u Uﬂﬂﬂﬂﬂrl “"
for 2 hours. (6) The reverse face of the wafer havi ORISR u
silicon |layer of the wafer was polished to bare the ' entire porous
'silicon on the entire face of the substrate. The wafer was i mersed
in an aqueous m xed 39. TRel proeeseotfibai progutiingHdO8emaodnalicebel for
about 2 hours to renove the porous silicon by etching. 10 '

Ther eby, the epsubstzbhtei bccordliagetootlabhmul20. #héeethnthe porothi ck cane
to be transferred onto the second wafer with i nterposition of a
silicon oxi de fmbnpcrystalling Ibyersibsheatedwhis hetemperatudeaof
1100[err]Cin a 100% hydr ogen at nosphere for 4 hours. 15 (8)

The entire surf80@°6f orhbigheraduaing theoarpyybrof the ngppoveYErved
carefully with a Nomarskii _differenti al i nterference mcroscope. The
substrate Ravi njopeerystalling, giliegnylaK64t the treatnent (a) of the step
(3) had about 100 pinholes on the surface; and voids which are 20
considered to be forned by etching of the silicon oxide filmby the

etching sol ution hthBQ pe@ﬁgrgkggeggtQthSroducing a semidonductor

substrate according to claim 21, wherein the diameter

-0of the pores is the largest pore diameter of the porous

10 monociystalline silicon layer.

41. A proéeés for producing a semiconductor

substrate comprising providing a first member having a
porous monocrystalline silicon iayer and a nonporous

15 monocrystalline silicon layer growﬁ thereon, laminating
the nonporous silicon layer of the first member onto a
second member with interposifion of an_insulation.lafer
provided on at least one.lamination face of the first
member and the second member, and removing the porous

20 moﬁocrystalline siiicon layer by etching, wherein the
nonporous monocrystalliné'silicon layer is grown at a
low growth rate controlled such that the density of
remaining pores on the crystél'growth face is not more
than 1000/cm? at the time when the nonporous silicon

25 layer has grown to a thickness corresponding to the
diameter of the pores of the porous-moﬁocrystalline

silicon layer.



interface of bonding. The substrate having been ~ prepared with the
treatnment (b) was observed to have only two voids. 25

Pressure: 20 Torr Gas: 89 H2/ Si H[ er

. - i . - - .
Sy e above et 1eatvenes,mooery MMM
? e s =

silicon layers were formed in thickness of about 2 pm " ( :
crystal defects were devel oped by Secco etching, and the density of

the crystal defects hﬂ.theThe%rocgggoféfséf‘&éﬁE&éiéi§&ﬁié@ﬁl@ﬁc¥\@§
measured by a Nomarskii differential 1nterféerence mcroscope. As the

results, nost osub8€r&t¥saétof@ifgt toVWe18ihadl Nah&Pein the K6hSSFSusand
the density was, depending on the tenperature in the heat treatnent

(b), respectivehygnoctPstal Pidx16fbicdhChaper]iat gBORE. o. ¥d Operdgscni err]
at 800C, 1.2x10[err]/cnferr] at 770[err]C, 5x10[err]/cnferr] at
750C, and 1.2x1@8¢poctyshibliheasiTO6peridger in a dgrowth fisacatbwpduction
of the heat-treatnment (b) and the raise of the tenperature from 770C
to 800[errPC feedingcacsource coasktheéyetde | ami nation defect density by a
15 factor of about 1/3 to 1/1000.

43. The process for producing-a semiconductor
substrate according to claim 42, wherein the source gas
is selected from silane, dichlorosilane,

10 trichlorosilane, - tetrachlorosilane, and disilane.

44, The process for'producing a semiconductor
substrate accordiﬁg to any of claims 41 to 43, wherein
the porous monocrystalline silicon layer is heated ip a
‘15 nonoxidative atmosphefe prior to the growth of the'

nonporous monocrystalline silicon layer.

45, The process for producing a semiconductor
substrate according to claim 44, wherein the

20 nonoxidative atmosphere is a hydrogen atmosphere.

46. The process for producing a semiconductor
substrate accérding to claim 44, wherein
the process_comprises a step of removing a natural
25 "oxide film prior to the growth of the nonporous

monocrystalline silicon layer.



- 80 - VWHAT IS CLAI MED | S: 1. A process for

produci ng a sem conduct or substrate having a porous nnnocrystalline
silicon |ayer and a nonporous monoggystal line silicon Tayer grown

5 t hereon, wherein the nonporous monocrystalline sili conuulul ,'"lmmm"[“l
grown at a low growh rate controlled such that the

remai ni ng pores on the crystal growm h face is not nDre t han'

1000/ cnjerr] at the tine when t he nonporous nDnocrystalllne silicon
| ayer has grown 10 47.t0 Phé hHpEbSESS £6F rEEEDICing 4 osémicohdueter of the
pores of the porous nonocrystalline silicon |ayer. 2. The
process for progubstgate sescordingtts claim 46ubghersein achergrontiho cl ai m
1, wherein the nonporous 15 nonocrystalline silicon |ayer is grown on

t he porous ratevhscngtthigher thanc2h mmfeinin a growt h furnace by
feeding a source gas thereto. 3. . The process for producing
a senm conductor 20 substrate according to claim 2, wherein the source
gas is selected fromsilane, dichlorosilane, trichl orosil ane,
tetrachl orBsil ane, af@-di sTh@nerocess for produging aT?Eﬂtﬁ?Rﬂ%% ?or
O o **"bi08tratS" acdoraing 68  EFa i L hafel &nd Sirocica' ™ 1to

rate is not higher than 20 nm/min.

49. The process for producing a semiconductor
10 substrate according to claim 45, wﬁerein
the process comprises a sfep'of removing a natural .
oxide film prior to the growth of the nonpofous_

monocrystalline silicon layer.

15 ' 50.- The process for_producing'a semiconductor
substrate according to claim 45, wherein the growth

rate is not higher than 20 nm/min.

51. The process for producing a semiconductor
20 substrate according to claim 49, wherein the growth

rate is not higher than 20'nm/min.

52. The process for producing a semiconductor
lsubstrate according fo-any of claims 41 to 43, wherein
25_' the process comprises a step of removing a natural
oxide fiim prior to the growth of the nonporous

monocrystalline silicon layer.



t he porous nonocrystalline silicon layer is heated in a nonoxi dati ve
at nosphere prior to the gromh of the -
81 - nonpor ous nonocrystal line_sighi con | ayer

The process for producing a sem conduct or substrate “L“mu unl
claim4, wherein the 5 nonoxi dati ve atnosphere is a hyHIma m

6. The process for producing a sem conduct or - substrat e facdor di nf
to claim4, wherein the process - conprises a step-of renoving a
natural 10 oxi d&d.i | mmid Yrdcessh&odr paodueingha semicomductor
nonocrystalline silicon |ayer. 7. The process for
producing a semsubsthaitedraccordings uius iclatia &2¢ ombhiemrg ino thieaigmo®thaher ei n
the gromh rate 15 is not higher than 20 nm m n. 8.

The process foratediing higher dhduci26r nm/min. substrate according to
claim4, wherein the gromh rate is not higher than 20 nmimn. 20
9. The process for producing a sem conduct or substrate according

to claim5, wherein . ) .
5 54. The process for producing a semiconductor

substrate according to any of claims 41 to 43, wherein
the process comprises steps of forming an ultrathin
film on a wall of fhe porous monocrystalline silicon
layer, and removing the 6xide film on the external

10 _surface of the pbrous monocrystalline silicon layer
prior to the grqwth of the nonporous monocrystalline

_ silicon layer.

55. The process for producing a semiconductor
15 substrate according to claim 54, wherein the growth

rate is not higher than 20 nm/min.'

56. The process for producing a semiconductor

substrate according to any of claims 41 to 43, wherein
20 tﬁe process comprises steps of forﬁing an ultrathin

film on a wall of the poroué monocrystalline silicon

layer, removing the oxide film on the surface of the

porous monocrystalline silicon layer, and heatftreatihg

the porous monocrystalline silicon layer in a hydrogen
25 atmosphere prior to the growth of the nonporous

monocrystalline silicon layer.



the process conprises a step of renoving a natural - oxide filmprior
to the growth of the nonporous 25 nmonocrystalline SLLLQQD‘LQXEBbefa%eQ
10. The process for producing a senicon t or

according to claim5, wherein the growth rafe is notJM Mﬁ"lﬂm
nnd m n. 11. The process for producing a ﬂ

substrate according to claim9, wherein the growth rate i s no! higher
than 20 nm m n. 12. The process for producing a
sem conduct or 5guUbst rRéepa66esdi POxrt Prodic g Ch abdmidoh@udtopher ei n
10 the process conprises a step of renoving a natural oxide film
prior to the greubstoétéhacoopdinguso claim H®Nockigséhh | the growenn | ayer.
13. The process for producing a senm conductor 15 substrate according
to claim 12, wheatéenishsoyrbigher than R@tsm/mimot hi gher than 20 nm m n.
14. The process for producing a sem conduct or

5 -~ . 58. The process for producing a semiconductor

substrate according to any of claims 41 to 43, wherein

the growth rate is not higher than 20 nm/min.

59. The process for producing a semiconductor
10 substrate according to claim 42, wherein the porous
monocrystalline silicon layerlis heated to a
temperature of 900°C or higher during the growth of the

nonporous monocrystalline silicon layer.

15 60. The process for producing a semiconductor
substrate according to claim 41, wherein the diameter
of the pores is the largest pore diameter of the porous

monocryétalline silicon layer.

20 61. The process for producing a semiconductor
substrate according to claim 41, wherein the insulation

layer is formed on the first membér.

62. The process for producing a semiconductor
25 -substrate according to claim 61, wherein the 1nsulatlon
layer is formed by thermal oxidation of the surface of

the nonporous monocrystalline silicon layer.



substrate according to any of clains 1 to 3, wherein 20 t he process

conprises steps of formng an ultrathin filmon a wall of t he por ous
nonocrystalline silicon | ayer, and %anV|ng t he oxide—+f+tmon—the

ext er nal surface of the porous nonottystalline SI lic ‘“ﬁmulllulml“m
prior to the growh of the nonporous nonocrystalline ﬂ“

15. The process for producing a sem conduct or

- 83 - substrate accordlng to claim14, mhereln the grow h

rate is not higher tgsan 2 (ﬂg?§§rfor
produci ng a senicondﬁ%torar sd%s?rg?g %E%%#%ﬁ&% to any of m 1to

3, wherein subéﬂﬁaaéog@éér&wrtéeélémpél Qbr f63 mmefﬂéwléﬂét hin
filmon a wall of the porous nonocrystalline silicon | ayer, renoving

the oxide filmescih® mebEE eidfatfénocrystaPDime!SsIDIEEH Yt Si | i con
| ayer, and heat-treating 10 t he porous nonocrystalline silicon |ayer in
a hydrogen at nosphere prior to the gromh of the nonporous
nonocrystalline silicon |ayer. 17. The process for
produci ng & seni condet or The .process for producing a semiconductor
substrate according to claim 63, wherein the oxide
layer is formed on the lamination face of the second

member.

10 65. The process for producing a semiconductor
substrate according to claim 63, wherein the lamination
face of the' second member is constituted of

monocrystalline silicon.

15 66. The process for producing a semiconductor
substrate according to claim 61 or 62, wherein the

second member is made of glass.

67. The process for producing a semiconductor
20 substrate according to claim 41, wherein the insulation

layer is formed on the second member.

68. The process for producing a semiconductor
substrate according to claim 67, wherein the insulation
25 layer is formed by thermal oxidation of the

monocrystalline silicon substrate.



15 substrate according to claim 16, wherein the growh rate i s not

hi gher than 20 nni m n. 18. The process for producing a

semi conduct or substrate according_ggiapy of clainms I—to—-3—wherein
n

20 the gromh rate is not higher than 2 m m n. Hlllﬂﬂ
process for producing a sem conductor. substrate accor di "l"l ﬁﬂl””",
wherein the porous nonocrystalline silicon layer is heat®td Sota M25s '«

tenperature of 900[err]C or higher during the growth of the nonpor ous
nonocrystal line silie®n |My&rprocess for producing a sdhicddtfud®Eess for
produci ng a sem conduct or substrate according to claim 1, wherein the
di anet er of substrat@raccorsdime targbsim parT £ vheareirertind irisu ot 1ots
nonocrystalline silicon |ayer. 5 21. A process for producing a
sem conduct or layer scirsstitwtdm\a glasposubstrmrecrystalline silicon |ayer
and a nonporous nonocrystalline silicon |ayer grown . t her eon, wherein
t he nonporous nonocrystalline silicon 10 | ayer is grown firstly at a

| ow growth rate controlled such that the density of renaining pores
on the cryatal 70. The process for producing a semiconductor

substrate according to any of claims 67 to 69, wherein
the lamination face of the first member comprises

nonporous monocrystalline silicon layer.

10 71. A procéss for producing'a semiconductor
substrate comprising providing a first member having a
porous monocrystalline silicon layer and a nonporous
monocrystalline silicon layer:grown thereon, laminating
the nonporous monocrystalline silicon layer of the

15 first member onto a sécond member- with interposition df
an insulation layer provided on at least one laminafion
face of the first membér and the second member, and
removing the porous monocrystalline silicon layer by
etching, wherein the nonporous monocrystalline silicon

20 layer is grown at-a_low growth rate controlled such

- that thé density of remaining'pores on the crystal
growth face is not more than 1000/cm? at the time when
the nonporous monocrystalline silicoﬂ layer has grown
to a thickness corresponding to the diameter of the

25 pores of the porous monocrystalline silicon layer, and
thereafter the nonporous monocryétalline silicon.la§er

is grown at an increased growth rate.



grow h face is not nore than 1000/cnR2 at the tine when t he nonporous
nmonocrystalline silicon | ayer has grown to a thickness correspondi ng

to the dianeter of the 15 pores of the rous nonocrystalTine siTicon
| ayer, and t hereafter the nonporous” honocryst aI line si Ummwumm"””, ,III
Is grown at an increased growh rate. : The "

produci ng a sem conductor 20 substrate accordlng to cIa|n121 “wher &
t he nonporous nonocrystalline silicon |ayer is grown on t he porous

monocrystal |l ine siligan Iaxeéemﬂcanaﬁ@%:h sWbEBEELEYhaving af56HbRE a
source gas thereto. - 25 . The process for producing a

senm conduct or monocrgsballshe ﬁﬁrﬂéﬂhngair@rcéﬁdn&%n#@ﬁé%n the source
gas is selected fromsilane, dichlorosilane,

-85 - nohobrpstall ine, sikicanhlayesi fonted atidedésn ) atiee

24. The process for producing a sem conduct or substrate according
to any of clai mgoaporoug3monpergshalline sihécoonrbagervhaciygtatystal
silicon layer is heated in a . nonoxi dati ve atnDsphere pri or to the
growth of ?he defecﬁﬁnb@rGuéeﬁ§h§2r9§th$$$nbh%ml1QQQM¢%yer

73. The semiconductor substrate according to
claim 72, wherein the nonporous monocrystalline silicon
layer has a layer thickness uniformity in the range

10 within 4%,

74. The semiconductor substrate according to

claim 72, wherein the crystal defects are lamination

defects.
15
75. The semiconductor substrate according to
claim 72,.whereih the nonporous monocrystalline'silicon
layer has surface roughness of not more than 0.5 nm.

20 _76. The semiconductor.substrate according to
claim 72, wheréin the nonporous monocrystalline silicon
layer has no pinhole.

77. The semiconductor ‘substrate according to
25f claim 72, wherein the nonporous monocrystalline silicon

layer has a plane orientation of (001).



25. The process for producing a sem conductor 10 substrate according
to claim 24, wherein the nonoxi dati ve atnosphere is a hydrogen

at nosphere. 26. The procesg for producln ' ctor
substrate according to clai m24, wherein °P5 t'heu H GWU s a
step of renoving a natural oxide filmprior : t he

nonpor ous nmonocrystalline silicon |ayer. 27. The
process for producing a sem conductor 20 substrate according to claim

26, wherein the growd  ne ddifodmaiitod dlitddian RLd¥iHg to

28. The process for producing a sem conduct or substrate according
to claim24, weigim 19e Hhovdin e pordis mdnditydtadliaing harl bmnt m n.
29. The process for producing a sem conductor

-86 - 1SPO5 Had Ca IFCESH B 6O I RindLRD, thdrersohn the process
conprises a step of renoving a natural oxide filmprior to the
grow h of the nonporous '

5 79. A semiconductor substrafe having an
insulation layer ;nd a nonporous monocrystalline
silicon layer formed thereon, the nonporous
monocrystalline silicon layer having crystal defects in
a crystal defect density-of less than 1000/cm? and layei

10 thickness uniformity within *4%.
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nonocrystalline silicon |ayer. 5 30. The process for
produci ng a sem conduct or substrate according to claim?25, wherein
the grow h rate i s not higher than;}) nm mn. 10 31.

The process for producing a seni conductor substrate according to
claim 29, wherein the growth rate is not higher than 20 nm m n.

32. The process for producing a sem conductor 15 substrate according
to any of clainms 21 to 23, wherein the process conprises a step of

removing a natqg§é$RACT gFo%ﬁgeDf$é%p§ﬁ§@r to the growh of the nonporous
nmonocrystal line 33. The process for
producing a Se”‘ConQNC§€6cess for SHRSA ﬁ%a§0§éﬁhéﬁhdﬁb€6ﬁi§ﬁ6§%r&€@reln

the grow h rate i s not higher tha O nnimn
The process forigreeoeiddd awBsh COOMPELSes pfovidupd reifstandriseng to any

of clainms 21 to 23, wherein t he process conprises steps of form ng
an ultrathin havingianponoas mbhoefys$tel hinie usi owe ryayex |amd &i | i con
.5 nonporous monocfystalline silicon layer grown thereon,
laminating the nonporous silicon layer of the first
member onto a second member with interposition of an
insulation'layer érovided on at least one lamination
‘face of the first member and the second member, and
10 removing the porous mdnocrystalline silicon layer by
| etching, wherein the nonporous monocrystalline silicon
layer is grown at a low growth rate controlled such
that the density of remaining pores on the crystal.
growth face is not more than 1000/cm? at the time when
15 the nonporous silicon layer'has grown to a thickness

- corresponding to the diameter of the pbres of the

porous monocrystalline silicon layer.
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| ayer, and renoving the oxide filmon the external surface
porous nonocrystalline silicon | ayer prior to the growth of
nonpor ous nonocrystalline silicon layer. 5 35.

process for producing a sem conductor substrate according t
34, wherein the growh rate is not higher than 20 nm m n.

36. The process for producing a seqvﬁpnductor
to any of clainms 21 to 23, wherein t he process conprises st
formng an ultrathin filmon a wall of the porous nonocryst
silicon | ayer,

porous nonocrystalline silicon |ayer, and heat-treating

renoving the oxide filmon the surface of the

of the

t he
The

o claim
10

substrate accordi ng

eps of
al line
15

t he porous

nonocrystalline silicon layer in a oge at nosphere prior to the
growt h of the nonporous nonéc talfine silicon |ayer. 20
37. The process,fior _producing a sem conductor _ ___ _substrate according
to claim36, wher$ b the gr oyt h i rate 1snot higher than 2¢ nnimin.
38. The procgss fer producing a semjconductorf 25 gubst rat ejaccordi ng
to any of clais 21fto 23, wherein the growth ratle i s not Jhi gher
than 20 nmm ms - .
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- 88 - 39. The process for producing a. sem conductor

substrate according to claim 22, wherein the porous nonocrystalline
| ayer is heated to a tenperature of 900[ err] C or higher during the
growm h of the nonporous . 5 nonocrystalline silicon |ayer.

40. The process for producing a sem conduct or substrate according
to claim 21, wherein the dianeter of the pores is the |argest pore
di aneter of the porous 10 nonocrys%apllne silicon |ayer.

41. A process for producing a sem conduct or substrate conprising
providing a first nenber having a porous nonocrystalline silicon

| ayer and a nonporous 15 nonocrystalline silicon | ayer grown thereon,

| am nati ng the nonporous silicon layer of the first menber onto a
second nmenber with interposi ke 3 provi ded on
at | east one ati ace Hf :HhelkiA4. 1LY er and the second
menber, and r Y ng por ofts. 11201 |- I yqtal-lti-Af -s] | i con | ayer by
etching, wherein the ale! | fo]e ou 0 U - silicon | ayer i s grown
at a | ow gr oWfGROUS Sicaftt HerkINUTHAL STAGE

remai ni ng pores on the cryst t han

1000/ cnferr] at the tinme when | ayer has grown

to a thickness corresponding to the MIGRATlON
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di aneter of the pores of the porous nonocrystalline silicon | ayer.

89 42. The process for producing a sem conduct or

substrate according to claim4l, wherein the nonporous _
nonocrystalline silicon |ayer is grown on the porous nonocrystal |l i ne
silicon layer in a growmh furnace by 5 feeding a source gas thereto.

43. The process for producing a Seniggqguctor substrate accordi ng
to claim42, wherein the source gas is selected from sil ane,

di ohl orosilane, 10 trichlorosilane, tetrachlorosilane, and disilane.

44. The process for producing a sem conduct or substrate according
to any of clains 41 to 43, wherein t he porous nonocrystalline
silicon layer is heated in a 15 nonoxi dati ve atnosphere prior to the
growt h of thz nonpor al L1 ilican |ayer.

45. The pE éis férAroduf : substrate according
to cl ai m44, erel’rf tthe e

_ ] & e i s a hydrogen
at nosphere. Ad1-Jihg pr
POROUS Si . o | I |

cilng a sem conduct or
ﬁf INITIAL STAGE

MIGRAT | ON
«Si+ «Sji> +Si> <Sj~
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substrate according to claim44, wherein

of

renovi ng a natur al

25

nonocrystalline silicon |ayer.
The process for producing a sem conduct or

substrate according to claim46, wherein the growh

47.

hi gher than 20 nm m n. 5
sen conduct or

rate i s not higher than 20 nninln

produci ng a sem conduct or

rate i s no

484, /8 The process for producing a
substrate according to clain144 wherein the growth

The process for

the process conprises a step
oxide filmprior to the gromh of the nonporous

- 90

t

sub cordlng to claim45, wherein
the process conprises a step of w{ 2;atural oxide filmprior

to the growth of { Qnpor ous —JRpocrystalline silicon |aver. = 15
50.  The progess'fqr producing a sem cpnductor | subsjrate accdrding
to cl ai m 45, ereirzthe gro rpte is notl higher than 20 nmgmi n.
51. The proeess forpL produci ng a sem cophductor 20 substrate accdarding
toclmrn49,wujeimthegrmmh .
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rate is not higher than 20 nnmi m n. 52. The process for

produci ng a sem conduct or substrate according to any of clains 41 to
43, wherein 25 t he process conprises a step of renoving a natural
oxide filmprior to the growh of the nonporous nonocrystal |l i ne
silicon | ayer. - 91 -
53. The process for producing a senqu?ductor substrate accordi ng
to claimb52, wherein the growth rate is not higher than 20 nni mn.
5 _ 54. The process for producing a sem conduct or substrate
according to any of clainms 41 to 43, wherein - the process conprises
steps of formng an ultrathin filmon a wall of the porous
nonocrystalline silicon | ayer, and renoving the oxide filmon the
external 10 surface of the porous nonocrystalline silicon |ayer
prior to the growth of the nonporous nonocrystalline silicon | ayer.
55. The process for producing a sem conductor 15 substrate accordi ng
to claimb54, wherein the growth rgte is not higher th Eﬁ?rm1mn.
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56. The process for producing a sem conduct or substrate according

to any of clains 41 to 43, wherein 20 t he process conprises steps of
forming an ultrathin filmon a wall of the porous nonocrystalline
silicon | ayer, renoving the oxide filmon the surface of the

porous nonocrystalline silicon |ayer, and heat-treating t he porous
monocrystalline silicon layer in a hyglyggen 25 at nosphere prior to the
growt h of the nonporous nonocrystalline silicon |ayer.

- 92 - 57. The process for producing a sem conductor
substrate according to claimb56, wherein the growth rate i s not

hi gher than 20 nm m n. 5 58. The process for producing a

sem conduct or substrate according to any of clains 41 to 43, wherein
the gromh rate- is not higher th?Fm;nrrIgA 59. The
process for producing a sem condutt .1 ubstrate according to claim
42, wherein the porous nmonocrystalline silicon |layer is heated to a
tenperature of 900[err]C or higher/dyf i pfi ihe Wh of the nonpor ous
nonocrystalline silicon Iayer._rh 4100
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15 60. The process for Producing a sem conduct or substrate
according to claim4l, wherein the dianeter of the pores is the

| ar gest pore dianeter of the porous nonocrystalline silicon |ayer.
20 61. The process for producing a sem conductor substrate
according to claim4l, wherein the insulation | ayer is forned on the
first nmenber. 62. The p QeSS for producing a sem conduct or
25 substrate according to claim®6l, "Wherein the insulation | ayer is
formed by thernal oxidation of the surface of t he nonpor ous
monocrystal line silicon |ayer. ’ - 93
- 63. The process for producing a sem conductor

substrate according to claim®6l or 62, wherein the second nenber is
a nonocrystalline silicon substratgs 64. The process for
produci ng a sem conduct or 4Eyzaiat2241cording to claim63, wherein
t he oxi de | ayer is fornmed on the | am nation face of the second
menber . 10 65. The [pf 0g®€S T _PT 10§ a semi conduct or

4100
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substrate according to claim®63, wherein the | am nation face of the
second nenber is constituted of nonocrystalline silicon. 15

66. The process for producing a sen conduct or substrat e according
to claim6l or 62, wherein the second menber is made of gl ass.

67. The process for producing a sem conductor 20 substrate according to
claim4l, wherein the insulation 8 /lgayer is formed on the second

menber . 68. The process for produci ng a sem conduct or
substrate according to claim67, wherein the insulation 25 | ayer is
formed by thermal oxidation of the _ nmonocrystalline silicon substrate.
- 94 - 69. The process for producing a sem conduct or
substrate according to claim®67, wherein the insulation | ayer
constitutes a glass substrate. 5 70. The process for producing
a sem conduct or substrate according to any of clains 67 to 69,

wher ei n the lamnation fa l tﬁ762215t menber conpri ses
nonpor ous nonocrystalline silicqﬁE er.
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B \
=¥}0 S +71..- A process for producing a sen conduct or substrate
tonprising providing a first nenber having a por ous HD
sil'icon | ayer and a nonporous nonocrystalline silicon |§¢§ilbﬁﬂﬁhﬁeSHEET

t'hereon, | am nating t he nonpor ous n%nocrystalllne silidon layer of
the 15 first menber onto a second nenber with interpositidn|ofg 4 MAR 1897
i nsul ation |ayer provided on at |east one | am nation fade {of the

first nenber and the second nenber, and renovi ng t he porjod

monocrystal line silicon Iayer MICONDUC@bﬁhEHESTﬂﬂféeAﬁDthe ngnpor ous
nonocrystalline silicon ayer is growm at a low growmh rate
controll ed such that tbgoéggglFagoﬁRogggTﬂbﬁgTﬁgﬁgépon the crystal
grow h face is not nore than 1000/cnferr] at the time when t he

nonpor ous nonocrystalline silicon |ayer has grown to a thickness

corresponding to the dianeter of the 25 pores of the porous
nonocryst al | i NBAIKRGROUND s ITHEUWINVENTION hereafter the nonporous

nonocrystalline silicon | ayer - is grown at an increased growh rate.
- 95 - 5 Field th ctor substrate having. a porous
nonocrystalline silicon layer and a nonpor ous nonocrystal |l i ne

silicon layer fornedheharesent Hnvention padafiesusoreneemisioaidugt®rsi | i con

| ayer having crystal :
. sSubstrate, and a process for producing the

semlconductor substrate. Particularly the present
1nventlon relates to a semiconductor substrate which is
¢ 10 applicable to an SOI substrate and is useful as the
base of an integrated circuit employing MOSFET, a
bipolar transistor, and the like.
' Related Background Art |
Many studies have been made on silicon-on-

15 insulator (SOI) structure for silicon tybe
semiconductor devices and integrated circuits, because
the SOI has low parasite capacitance and facilitates
element separation for speed increase, power saving,
high integration degree, and cost reduction of

20 transistors.

Ih 1970s Imai proposed the process for FIPOS
(fully isolation by porous 8111con) (K. Ima1 Solid
State Electronlcs 24 (1981), p.159). 1In this process,
n-type islands are formed on a p-type substrate,land

25 the p-type region including the area below the n-type
islands is made porous selé;tively, leaving the n-type

regions nonporous. The porous silicon, which was




~

-5 defécfsi?h éfdensity'of | ess than 1000/ cnierr].

TREBLACEMENT SHEET

The semi conductor substrate according to- claim72,

nenpor ous nonOcrystaIIine silicon | ayer has a | ayer tihijckness
uniformty in the range 10 W thin 4%7 - ' . 74, THe | MAR1997
seni conduct of- substrate ‘according to . .cllaim 72, whereih Y he crystal
defects are | am nation .. defects. 15 - - 75. Tne

seni conduct or substr.ate according to. claim72; whereih the nonnnrn“°
nmonocrystal line sil snumconnucrokasasshmmunﬁncegocngbnm oFOI'not nore t han
0.5 nm 20 76 0 substrate according to
claim72, mhereln t he nonporggg ég%ggrgggﬁﬁﬁﬁne silicon | ayer has no
pi nhol e. 77. The sem conduct or substrate according to 25
claim 72, wherein the nonporous nonocrystalline silicon | ayer has a
pkane orientation of (001). -96 - 78.

The sem conduct or substrate accordlng to claim 72, wherein the porous

nonocrystalline silicon

ABSTRACT OF THE DISCLOSURE
A précess for producing a semiconductor substrate
is provided which comprises providing a first member
héving a porous monocrystalline silicon layer and a
5 nonporous qpnocrystalline silicon layer grown thereon,
laminating the nonporous silicon layer of the first
member onto a second member with interposition of an
insulation layer provided on at least one lamination
face of the first member and the second member, and
Tl} 10 remoVing the porous monocrystalline silicon layer by
etching, wherein the nonporous monocrystalline silicon
layer is grown at a low growth rate controlled such
that the density of remaining pores on the crystal
growth face is not more than 1000/cm? at the time when
15 the nonporous silicon layer has grown to a thickness
corresponding to the diameter of the pores of the

porous monocrystalline silicon layer.
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| ayer has a porosity of not nore than 50% 5
sem conduct or substrate having an - - insulation |ayer ea(BgiaheﬁhﬂmﬁUSHEET
monocryst al | ine——————-siticon [ayer formed thereon, the norpdrous

ronocrvstal oM e it cereets n 1, gromhs

uniformty withim 4% " 80. A process for produgi frog—e

sem conduct or: substrate havi ng a porous nonocrystalljne silicon Iayer
and a nonpor ous nonocrystalline silicon |ayer grown thereom,

wherein the growitdr of T ﬂ@mp@¢0@%ch©noénbstﬁﬂFBné°§PFﬁéﬁﬁ to | ayer on
t he porous ocrystal ine silicon layer is carried i n an
atnospherezgiﬂ %Ee¥%%§tt§?lPEBH“§oﬂPB@c§§§talllneaﬁ&lﬁfﬂpogen gas

and wherein the n Or ouUsS _nMDNECrys on layer is grown at a
| ow growt h red¥® %3}% of | BAF_EERY © 3 n°Fh‘BFth§h8§n§b%y of remaining pores

on the crystal growth face is not nore than 1000/cnR2 at the tinme when
t he nonpor ous nonocrystalline silicon |layer has grown to a

thi ckness corr espeadi noa f gehiieoiaBELE" sbsthE+ROREYViRh e por ous
nonocrystalline silicon |ayer. 1. A process for
produci ng a iyl Xoeiot Dayerbshaakenonporous monocrystalline

silicon layer formed thereon,.fhe nonporous

monocrystalline silicon layer having crystal defects in

a crystal defect density of less than 1000/cm®* and layer

10 thickness uniformity within +4%.

80. A process for producing a semiconductor substrate
having a porous monocrystalline silicon layer and a
nonporous monocrystalline siiicon layer grown thereon,
wherein the growing of the nonporous monocrystalline silicon
layer on the porous monocrystalline silicon layer is carried
oﬁt in an atmosphere containing at least silicon source gas
and hydrogen gas and wherein the nonporous monocrystalline
silicon layer is grown at a low growth rate controlled such
that the density of remaining pores on the crystal growth
face is- not more than 1000/cm?® at the time when the
nonporous monocrystalliﬂe'silicon layer has grown to a
thickﬁess corresponding to the diameter of the pores of the

/

porous monocrystalline silicon layer.
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*ine silicon |layer by etchipg, wherern the

nmonocrystalline silicon layer is carried out in an atnosphere containing
at | east silicongsour aepgaseasdfolygrodesiggsa ageh dratidudic dhesuloscd oS
nonocrystalline silicon layer is grown at a low growh rate controll ed
such that ¢hmpréasingy pirovdmding nq pdiiesston membeayr yaring owa h pdawesi s
not nmore than 1000/cnR at the tinme when the nonporous silicon |ayer has
grown to a MPReRA¥Ssalddneespoddiiagono t hkaykanmet @ndof tfAe porapPPfousde

porous nonocrystalline_silicon |ayer. 82. A process for producing a

seni conduct®PReGR¥EFaLe RS & Hllg@ﬁp;pygg-grown %P%ﬁ?ﬂ?ng}a%ﬁn4?+%$ the

substrate

havi n
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at a growth

on at least one lamination face of the first member and the
second member, and removing the porous monocrystalline
silicon layer by etching, wherein the growing of the
nonporous monocrystalline silicon layer on the porous
monocrystalline silicon layer is <carried out in an
atmosphere containing at least silicon source gas and
hydrogeﬁ gas and wherein the nonporous monocrystalline
silicon layer is grown at a low growth rate controlled such
that the density of remaining pores on the crystal growth
face is not more than 1000/cm? at the time when the
nonporous silicon layer has grown to a thickness
corresponding to the diameter of the pores of the

porous monocrystalline silicon layer.

82. A process for producing a semiconductor substrate which

comprises:

providing a first substrate having a porous
monocrystalline silicon layer;

growing a monocrystalline silicon layer on said porous
monocrystalline silicon layer in an atmosphere containing

at least silicon source gas and hydrogen gas at a growth

ng a
| ayer

gas




- 98 - rate of 20nmmn or |ess; bondi ng said first substrate to
a second substrate such that said nonocrystalline silicon |

positioned inside; and renovi ng sai d porous nonocryst zﬂEp'ngMENTchEET
| ayer. 83. The pr ocess for produci ng a sem conduct or owm.mc

according to craim382 ~wh ter %I d nonocrystalline|sijli cg Q@y@ég
was grown by sa jl l g sai’d nonocrystalline silli don agl
the grow h rat ess, the growth rate is adcdlerated to
grow a nonocryst aI i ne sili con 84. The process for (pr odum ng a

sem conductor - substrate according to claim82, wherein said—bonttng—s
conducted in a manner of nmaking an insulating |ayer lie between said first

substrat e anchtsRidfE sEE@ffmshbotr bées; 85. The process for producing a
sem conductor substrate according to claim 82, which process further

i ncludes the stepsomdifgrsding fdnstosebstratéi tmmaseaond subsalkratef saahd
porous nonocrystalline silicon |ayer, and heat- treating said porous
nmonocr yst al IGHRE sigdishn moamrxataalrilr@t msdpiera céaveairni h§ hpdsdgéanegri or

to the growh of said
inside; and

removing said porous monocrystalline silicon layer.

83. The process for producing a semiconductor
substrate according to c¢laim 82, wherein after said
monocrystalline silicon layer was grown by said step of
growing said monocrystalline silicon layer at the growth
rate of 20nm/min or less, the growth rate is accelerated to

grow a monocrystalline silicon.

84. The process for producing a semiconductor
substrate according to claim 82, wherein said bonding is
conducted in a manner of making an insulating layer lie

between said first substrate and said second substrate.

85. The process for producing a semiconductor
substrate according to claim 82, which process further
includes the steps of forming a protective film on a pore
wall of said porous monocrystalline silicon layer, and heat-
treating said porous monocrystalline silicon layer in an
atmosphere containing hydrogen, prior to the growth of said

monocrystalline silicon layer.
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SEMICONDUCTOR SUBSTRATE AND PROCESS FOR
PRODUCTION THEREOF

ABSTRACT OF THE DISCLOSURE
A process for producing a semiconductor substrate
is provided which comprises providing a first member
having a porous monocrystalline silicon layer and a
5 .nonporous monocrystalline silicon layer grown thereon,
laminating the nonporous silicon layer of the first
member onto a second member with interposition of an
insulation layer provided on at least one lamination
face of the first member and the second member, and
10 removing the porous monocrystalline silicon layer by
etching, wherein the nonporous monocrystalline silicon
layer is grown at a low growth rate controlled such
that the density of remaining pores on the crystal
growth face is not more than 1000/cm?® at the time when
15 the nonporous silicon layer has grown to a thickness
corresponding to the diameter of the pores of the

porous monocrystalline silicon layer.

Figure 7



