18206394

-2 3. A stray capacity, is reduced to enabl e high- ;qpag

speed operation. 4. A wel | proceSS|ng can be omtted. 6673“
5. A latch-up can be prevented. 5 6. A fully depFEPed2fbiel ue

effect transistor is enabl ed by making a filmthin. They are

di sclosed in nore detail, for exanple, Specig=tss

crystal silicon on non-single-crystal insulators”; W
Cul l en, Journal of Crystal Gowh, Vol. 10 63, .

(1983). ; Further, in the recent several ye&s hero

been frequently reportedSEMiCOHﬁUSEDRSSBBSTBAEE|éNQ METHOD @Ebstrate t hat
realizes an increase in operation speed of -a ‘MOSFET, and a reduction
in power consunption 15 ther@bNBFBEEEREﬂF CHEf 8AMECce 1994). Also, the
use of the SO structure sinplifies the el enent isolation

process nore than a case where an elenent is fornmed on- the bulk S
waf er since an y | on a |lower portion of the
el emrent, as a régékbﬁbpﬂg b% %h§0§N§Eh¥§§ylce processi ng process is
shortened In p5BeR of the“@ gg nl S expected that the wafer costs and
t he process costs are re |n total in conparison with t he
MOSFET or |1 C formed gRe! Beebihl §hveh%16ﬁdtblaﬁehoto a melth8f Ber f or mance.
25 In particular, the Fully Depleted MOSFET i expected to

i ncrease oper at ngAugaeedrang bosefdbeéfductor §Qb§tr§@é§UEﬁEI fBrdue to an
| mprovenent of a driving

particularly to a method of manufacturing a
semiconductor substrate suitable for the formation.of

10 an electronic device or an integrated circuit provided
on a layer of a single crystal semiconductor formed on
a dielectric isolation layer or an insulator, or

' provided on a single crystél compound semiconductor

formed on an Si substrate.

15  Related Background Art

The formation of a single cryst31'Si semiconductor

layer on an insulator has been widely known as a
Semiconductor On Insulator (SOI) technique, and many
researches have been made into the -SOI technique

20 because a device employing the SOI technique provides
various advantages that cannot be attained by a bulk Si
substrate from which a normal Si integrated circuit is
fabricated. That is, the use of the SOI technique
providés, for example, the following advantages.

25 | 1. Dielectric isolation is easily facilitated,
and high integration is enabled.

2. It is excellent in radiation resistance.

“This ShTt Has Been Rep

I




- 3= force. A threshold voltage (Vth) of the MOSFET is

generally determ ned according to the density of Inmpurities in a
channel section, but in case of the Ful 'y Depl eted MOSFET using the
SA, a thickness of the 5 depletion layer-is affected by a thickness
of the SO. Therefore, in order to manufacture a | arge-scal ed
integrated circuit with an excellent yield, a great demand has been
made that the thickness of the SO film - is made uniform 10

Al so, the devices on a compound sen conductor have hi gh performance
whi ch cannot be obtadnedAb§tepry eapacity isexedpred teaepabdesbdphas a

hi gh- speed operation or light emi ssion. At the present, those

devi ces are speeqd| @B8¥afdPRed in an epltaX|aIIy grown | ayer fornmed on a

15 conpound sem conduct or _ substrat e, rade of However, the
conpound seniconductgr sﬁb@?}itgrgﬁ??ﬁ?gg can befPBﬁF§ﬁéh probl ems that the

substrate is expen5|ge aﬂd atch ~u Igghl ensgggghﬁgh strength and t hat
manuf acturing of a arge-area wa Icult. From

the above yiewpointsg a Aa‘F'&fi@tdgﬁie‘{?g&nflelﬁeeffag% ftea\i}h&@efo? ggmpound

seni conductor to epifaxial grow on t S waf er
i nexpensi ve andehdiied by makingeahﬁmﬁaichihrenﬂhayaaéef 8981856l an

| ar ge- ar ea waf er can be manufactured. 25 A research in the
formation of thaos® A6tasl| afér examplépsspeeiatxissaeyergingde-f rom about
t he 1970's. Initially, a method in which single crystal Si is

crystal silicon on non-single-crystal insulato;s";
édited by G.W. Cullen, Journal of Crystal Growtﬁ, vVol.
10 63, No. 3, pp.429-590 (1983).
Further, in the recent several years, there have
been frequently reported that an SOI substrate is a
v  substrate that realizes an increase in operation speed
of a MOSFET, and a reduction in power consumption
15 thereof (IEEE SOI conference 1994). Also, the use of
the SOOI structure simplifies the element isolation
process more than a case where an element is formed on
the bulk Si wafer since an insﬁlating layer is formed
on a lower portion of the element, as a result of which
20 a device prdcessing process is shortened. 1In other
words, it is expected tﬂat the wafer costs and the
process costs are reduced in total in comparison with
the MOSFET or IC formed on the bulk Si, in addition to
high performance.
25 _ In particular, the Fully Depletéd_MOSFET is
expected to increase operation speed and to reduce

power consumption due to an improvement of a driving



-4 allowed to hetero-epitaxially grow on a sapphire

. substrate which is an insulator (SCS: Sapphire on Silicon), a nmethod
. of form ng an SO structure through dj el ectric isolation by porous

' oxidized Si (FIPCs: 5 Fully Isol ation by Porous Oxidized Silicon), and
fa oxygen ion inplantation nethod have been extensively

. studi ed. The FIPCS nethod is a nethod in which an N-type S

* layer is formed on a surface of a P-type Si single 10 crystal substrate

in the formof ggrielani Rhreshold ivembcagbi RYtRHObNthanmokkeER 18t al ., J.
Crystal G owh, Vol . 63, 547(1983)), or by epitaxial growh and

patterning, andﬂeﬁéyaaly-aéeérﬁhngabsbeataihg tdd€he densiR@' 8s through an
anodi zation nethod in an HF solution 15 So as to surround the Si island

fromthe surfacempagilties in shehaahbkir sebeidnl ypatSini ehsedoifs the
dielectrically | sol ated by accel erating oxidation. This method
suffers from a PudbbyebPephatedhMOSFET usingethkeB0I{ he thicknedegpée tbe
freedom of the device design is restricted 20 because the Si region
i sol ated I8 detdepdftiopriasyeroig affectedebyca Fhéeckngss of the SOI.The

oxygen ion inplantation nmethod i.s directed to a nethod_which is
cal led "SI MOX" TRerefere. r ipoPregrpyo manufagture @ largerfeapethod, after

oxygen 1915 Of #R0ulr o2 oy bBATE! kit A8 SREMALE L efhe bUBLADEE 110
1,320[err] Cin a0n8h8°RAQ%¥EER ALHRSBAELCtneS tR1ERRULL of the soI film
is made uniform. -

10 Also, the devices on a compound semiconductor have
high performance which cannot be_obtained by Si, for
example, features such as a high-speed operafion or
light emission. At the present, those devices are
almost formed in an epitaxially grown layer formed on a

15 compound semiconductor substrate made of Gais.

However, the compound semiconductor substrate suffers
from such problems that the substrate is expensive and
low in mechanical strength and that manufacturing of a
large-area wafer is difficult.

20 From the above viewpoints, an attempt has been
made to allow a compound semiconductor to epitaxially
grow on the Si wafer which is inexpensive and high in
mechanical strength and from which a large-area wafer
can be manufactured.

25 A research in the formation of the soi substrate
has been extensively made from about thé 1970's.

Initially, a method in which single crystal Si is



, -5- I npl ant ed oxygen ions mainly having a depth

corresponding to a projection range (Rp) of ion I npl antation are
bonded to Si to forman Si oxide | ayer. At this tinme, the Si |ayer
whi'ch is made 5 anor phous by |nplantatﬂow of oxygen ions on an upper
portion of the Si oxide layer is also recrystallized to forma
single crystal Si layer. Al though the nunber of defects contained in
the Si layer of the surface is conventionally large, that is,

10 / - t
Tof err 17 om oy | 2hiousdPraoRidredd-ep1 BURERSEY (bt 6 G 0MabEnIRALt

X 10[err]/CnTeréﬁbstrate whioMRV 85, aﬁefﬁﬁﬁfafaf (Q@QGSSQ% phigei SR antation
ener gy and the amount of inplantation by which the quality of

the Si oxide fisfliébr)crasm@thodi by SdbrmbRgsanfsor Strudbure tRyéughetcC.
can be maintained are narrow, the t hi cknesses of- the surface S

| ayer and the bdiekelctric isoXatibofsi byaperou8xidizeddSOx(BEPOSre |inited
to specific values. In order to obtain the surface Si | ayer

" having a desireBullyckselation by HRereusaPyidbzed@(oSilicomducandaadrifici al
oxidation or epitaxial growh. In this case, the distribution of
the thi ckness seX¥ges ion implaphatien mephed| havehaeen Rxtensivelyy of the
thickness is deteriorated as a result that the deterioration by
those processesSE1di€%peri nposed on 25 each other. Al so, it

has been reported ! Nehe A i535 Watndh 1s a mefRYELn'MnfcR! 4h HWILPHLIS; W'

Is called "pipe" exi
layer is formed on a surface of a P-type Si s1ngle

10 crystél substrate in the form of an island by
implanting proton ions (Imai et al., J. Crystal Growth,
Vol. 63, 547(1983)), or by epitaxial growth and
patterning, and only a P-~type Si substrate is made
porous through an anodization method in an HF solution
15 so as to surround the Si island from the surface, and
thereafter the N-type Si island is dielectrically
isolated by accelerating oxidation. This method
suffers from a problem that there is a case where the
degree of freedom of the device design is restricted
20 because the Si region isolated is determined prior to a
device process.
The oxygen ion implantation method is directed to
a method which is called "SIMOX" initially reported by
K. Izumi. In the method, after oxygen ions of about
25 10'7 to 10*%/cm? are implanted into an Si wafer, the Si
wafer is annealed at a high temperatufe of about

1,320°C in an argon/oxygen atmosphere. As a result,



- 6- exists in the BOX. A foreign matter éuch as dusts

during inplanting has been considered as one cause. On a portion
where the pipe exists, the device characteristic is deteriorated by
| edkage between an 5 active |l ayer and & support nenber.

Because the ion inplantation of the SIMOX is nore I n the amount of
I npl antation than the ion inplantation used in a nornal

sem conduct or process as descri bed above, a period of tine when ion

devel bped. 1 RRedR ory SR oidha nd] ﬁﬁﬁéiégc%ﬁﬁéé?’éﬁsbi’eiggter-
xpandi ng an | i Beah ot [y P & I EIgERSn UaASE, (o) of BRI heri o

increases with ﬂbi%&@é&i’ are bon&é&at&fsi heo WBbEh ' an S $0oxidehas been
poi nted out that hi gh-tenperature heat treatment on the |arge-area

waf er nmakes a [akdem tmttm§ltm@pcmé shielédpet which is #agéri bution of
the tenperature wthin the wafer nore severe. In the SIMOX, since it

Is essentifal t ammrphois B impramestion eaf nexygen hohs gbntampeppénr e whi ch
I S not normal Iy used in the Si sem conductor process, such as

1300C or hi gherpontiore o£ the St oxikde t lryenpbstahse recrystallifedptobl ens
to be overcone such as the device devel opnent, netal contam nation
or slip furtherform a sipglRarysFyk Si layer. Alﬂ‘%‘égha*ﬁ‘a?tmﬁ%%?tﬁé

above-descri bed. conventi onal SO formng nethod, in the recent
years, attenti ts contained in the Si layer of thé surface is

conventionally large, that is, 105/cm?, it has baen
10 successfully reduced to about 10%/cm? by setting the
amount of implanted oxygen to about 4 x 10'7/cm®.
However, because the ranges of the implantation energy
and the amount of implantation by which the quality of
the Si oxide film, the crystallinity of the surface Si
15 layer, etc. can be maintained are narrow, the
thicknesses of the surface Si layer and the.buried
oxide Si layer (BOX: Buried Oxide) are limited to
specific values. In order to obtain the surface Si
layer having .a desired thickness, it is necessary to
20 conduct sacrificial oxidation or epitaxial growth. 1In
this case, the distribution of the thickness suffers
from such a problem that the uniformity of the
thickness is deteriorated as a result that the
deterioration by those processes are superimposed on
25 each other.
Also, it has been reported that a-residual'Si

region in a silicon oxide which is called "pipe" exists



-7~ been.paid to a method in which an Si single crysta

substrate is bonded to another Si single crystal substrate thermally
oxi dized with a heat treatnment or an adhesive to forman SO
structure. This method 5 requires a pro@ess of making an active |ayer
~uniformy thin for a device. In other words, an Si single
- crystal substrate several hundreds [err]min thickness is required
to be nade thin in the order of pmor |ess. The thinning process is

made by three klnggtgfigeggpd$ﬁxﬁnlﬁgfﬁg%Fggaﬁ QX such as dusty Thi nni ng

by poli shi.ng; asna € chlng, and

3. Thinning by a E%P Y&RSBBQ}gg has bee consﬂaéyaalgg £F Qé ISO

difficult to un| the substrate. 1In partlc thlnnlng

of sub pm a $BEELESN! hﬁe&bwehaapiga afxi%%er aJhet @evi%e and this
thinning suffers froma severe prob as the . di anmeter of the

waf er is increaghédratteristicctlst ylerb&rioratedl B deskaged betwedh an I n
the method 2, after the substrate is made thin by polishing in the
nmethod 1 up to abtivellbye? pmdi B supportadembes,. t he distribution of the
filmthickness is measured over the entire surface at multi-points,
and pl asma usBegasee @heséverémpﬁﬂpﬁﬁtdp@nﬁﬁeﬁhﬁsS@M@ﬁné@ nereps

the basis of the neasured distribution of the fil t hi ckness so that
etching i s condi®t Ehenampunt,ef imPlanGF§@PPbGP@6ntBP iee Ampdapfiadiesss is

bei ng corrected,
9 used in a normal semiconductor process as described

above, a period of time when ion is implanted is long
10 even with an exclusive apparatus being developed.
Because the ion implantation'is conducted by raster-
scanning an ion beam having a predetermined current
amount or expanding an ion beam, it is presumed that
the implantation period increases with an increased
15 area of the wafer. Aiso, it has been pointed out that
a high-temperature heat treafment on the large-area
wafer makes a problem that a slip occurs due to the
distribution of the temperature within the wafer more
sevére. In the SIMOX, since it is essential to conduct
20 a heat treatment at a high temperature which is not
normally used in the Si semiconductor process, such as
1300°C or higher, there is a fear that the importance
of the problems to be overcome such as the device
development, metal contamination or slip further
25 becomes large.
Also, apart from the above—described conventional

SO0I forming method, in the recent years, attention has



- 8- thereby thinning the substrate to a desired thickness.

It has been reported that this nmethod enabl es the di stribution of

- the filmthickness to be adjusted to -ﬁbPUt 10 nm However, if a

. particle exists on the 5 substrate at the time of plasma etching,

: because the particle functions as an etching mask, a projection is

" forned on the substrate. Because the surface of the substrate

i s rough i mmedi ately after the substrate is plasma-etched, touch 10

polishing i s repdbhegadlit €6 hhmephaamMneibiichgahasibeefgle cryseampleted
However, since the anount of polishing is controlled under. a tine

nanagenent t hegsabstrakeofisabonded tbi aabthekrnsihsikg2escagdtabe
deterioration of the di stribution of the thickness by polishing have
been 15 poi nseldstuate Bhevmaldyaopidtligbdnyiphoacbeatstneastment or
abrasi ve powder such as colloidal silica directly - polishes the

sur face that MAan adhasiveatoi fermager SOI structhree afbifcBeshefat a

darmaged | ayer is formed by pal i shing and that nachlnlng_dlstort|on
i s introdu ed r%EUireFuFtHEPceFﬁ PﬁeméﬁéégmﬁerécFHKeaFQXeEf“ pEormLEr s
enl ar ged, there s a_fear % at _thro reduced

because pl asma & %ﬂlﬁa p8r FEY+ce- !g.ﬂgﬁsasggrﬁﬁ pPBpg?t%iﬁbié an increase
o el crvprflBuatiare spverdiohBiB ke Al SRELRHERS, BTl
on the SUbStratfe&ﬁi@éd”@eréhhadéntﬁﬂﬁaﬁﬁethgobrder of um or less.
The thinning process is made by three kinds of'methods
10 . stated below. "

1. Thinning by polishing:;

2. Thinning by loéal plasma etching; and

3. Thinning by selective etching.

In the method 1, it is difficult to uniformly thin

15 the substrate. - In particular, thinning of sub um

- causes the fluctuation of several tens %, and this
thinning suffers from a severe problem. Also, as the
diameter of the wafer is increased, its difficulty is
increased more.

20 In the method 2, after the substrate is made thin
by polishing in the method 1 up to about 1 to 3 pym in
advance, the distribution of the film thickness is
measured over the entire surface at multi-points, and
plasma using SF, of several mm in diameter is scanned.on

25 the basis of the measured distribution of the film
thickness so that etching is conducted while the

distribution of the film thickness is being corrected,



-9- exanple, a Plerr]Si thin |ayer and a P-type Si thin |ayer

" each containing boron of 10[err]/cnferr] or nore are superposed onto
a P-type substrate through a nmethod such as epitaxial gromh to form
a first substrate. After this 5 substTad e"i s bonded to a second
substrate through an _ I nsul ating | ayer such as an oxide film a back
surface of the first substrate is thinned by grinding or

polishing in advance. Thereafter, the P-type layer is sel ectively

etched to exposgnhpgnfl 'Ehihnkflﬁg’&tﬁgfeggéﬁﬁtbh%ﬁ A0 desilPhr thikbkheks .S

sel ectively etched to” expose ayer, thus conpleting the

SO structure. FRi Ra8BbBBA reporteldstHatCithzedmethidar endsliasl thw t he report
of Maszara (W P. Maszara, J. Electrochem Soc., Vol. 138,

341(1991)). 15distributibni 6fsehd Ehain thecknkbest itoebet alijogted &bl ective
inauniformthin filmformation, but the selective . etching suffers
fromthe foll onabgupr abDemm. However, iffear patitdclel exiiste pat itheof
etching is insufficient such that it is about 10[err] at the

maxi num 80 substrater ptBtbheutimehofsplhsne ptobdngy herceusgeithg et ched
I's poor, touch polishing is required after the etching. . However, as
a result, the fPPRFiflekfuBStiongeagcan, etching gagky,he BRPIBEFIPR 48 t he
filmthickness | deteriorated. In particular, the

LS Iiable %g b§ _
amount of 25 *ORBFFsAPN Fssﬂaﬁﬁﬁe Spby tine, but because the
fluctuation of a po'b%g%ﬂger%ﬁs 58re8EdCos kthbSsubstratd & Gdlni © control

t he anobunt of poli shi
‘immediately after the substrate is plasma-etchéd} touch

10 polishing is required after the plasma etching has been
completed. However, since the amount of polishing is
controlled under a time management, the control of a
final film thickness and the deterioration of the
distribution of the thickness by polishing have been

15 pointed out. Also, in a polishing process, since an
abrasive powder such as colloidal silica directly
polishes the surface that will form an active layer,
there are fears that a damaged layer is formed by
polishing and that machining distortion is introduced.

20 Further, in the case where the area of the wafer is
enlarged, there is a fear that through-put is
remarkably reduced because plasma etching period
increases in proportion to an increase of the wafer
area.

25 The method 3 is directed to a method in which a
film structure which can be selectiveiy etched is made

on the substrate to bé made thin in adwvance. For



- 10 - Therefore, this problem becones severe particularly

. when a very-thin SO |ayer such as 100 nmis forned. Because
. ion inplantation, epitaxial growh or het ero-epitaxial growh on a
. hi gh-concentrati on B doped 5 Si Iayef'i% ‘used, the crystallinity of
the SO |ayer is low. Also, the surface property of the surface to
be bonded is inferior to a normal Si wafer. The above
description is reported by C. Harendt, et al., J. Elect. Mater. Vol

20, 267 (1991), ekbmpll, aBptsWa¢Hin elaydr . afd 0f 80t fse i theid Slayer

I nt er nati onal Synposi um on Semconduct or Waf'er Bondi ng: Sci ence,
Technol ogy and &aghi eshtanfiingTherbheokr Rofgme abr more af@csepyrpdeed
92-7, p.375, C.E. Hunt, et al., Proceedi ng of the 1st Internationa
Synposi um on 1énto &eRitppdusubstiater tBoodghga Setbodesudhchsol ogy and
Applications, (The El ectrochem cal Society) Vol. 92-7, - p. 165.

Al so, the sel ecep¥tayial ghewth| tot formeachingt substrakegel Hpftepettdson a

difference_in concentration of 20 i mpurities such as boron and the
abrupt nessSof tfebstrate jsobppdedntpta gegeRddepbetrafe Yhepughran | f

SO 1 A SR RS S R S SRR L
CryStall LNty | ge RdUEL et MEGfEhal DU LRBnnBd by SLMBNEILY
gﬂ ﬂ Lﬁlr f‘t teot r‘f@ég%%ﬁ%?&' 1X Qvance. Crfilk8dstbl, OLRE PYRLHS 1hbekSis
selectively etched to expose the P' layer, and also the
10 P* layer is selectively etched to-expose the P~type
layer, thus completing the SOI structure. This method
is disclosed in more detail by the report of Maszara
(W. P. Maszara, J. Electrochem. Soc., Vol. 138,
341(1991)). |
15 It is said that the selective etching is effective
in a uniform thin-film formation, but the selective
etching suffers from the following problems.
+ The selective ratio of etching is insufficient
such that it is about 10? at the maximum. |
20 + Because the surface property after being etched
is poor, touch polishing is required after the etching.
However, as a result, the film thickness is reduced,
and the'uniformity of the film thickness is liable to
be deteriorated. In pérticular, the amount of
25 polishing is managed by time, but because the
fluctuation of a polishing rate is lafge, it is

difficult to control the amount of polishing.



the selective ratio of the etching, and the crystallinity and

- bondi ng strength together. In the recent years, Yonehara, et

- al. have reported a bonding SO which_solves the above probl ens, 5
is excellent in the uniformty of the film tRi Ckness and
crystallinity, and can be batch-processed (T. Yonehara, et al.,

Appl . Phys. Letter Vol. 64, 2108 (1994)). This nethod enpl oys a
porous | ayer 32 of an Si substrate 31 as a material of selective

etching. 10 fﬁb?éfér@ontﬁﬁéop§oﬁl3ﬂlBe&bﬁébaEe§bréaﬁﬁit§éu1§rlg
allowed to epitaxially grow on the porous layer, it is ed to a

second substratgnhéd hhi-e¥gbtAlinS502X1d@er such haye00( hisikakbpgielll.! M 35
(Fig. 5A). A first substrate is made thin fromits back surface

through a 15 gri mdBagausehhdnoimphankakitonp epatakhalpgrowshSbri s
exposed over the entire surface of the substrate (Fig. - 5B). The
exposed porous EbteserDhsdxiﬁthgaowtheoniaehigh-conQEONantigncE dopi@H or
HF + H202 so as to be renoved (Fig. 5C). At this tinme, since the
etching sePecti §& lager iﬁaﬂﬁédaftbﬁe°§ﬁ$§§§1$PiFU 9ﬁetB§I§°§|1PH§ﬁ $8r ous
single crystal $Si) can_be nmade sufficientl 000 tines,

t he non- porous P gIeAEF9st§PeSFuF§9€F Progertghaf Khe ﬁPﬁﬁﬁcﬁntPhEeporous

Si in advance r i n second sgbgérat mnthout substantial ly

reducing its deah%ﬁkﬁ8§§r195e§8b? Berig aBP&®5r forming an SO
substr at e. Therefore %853‘ﬁ&sSL%éE?gﬁhigkggﬁgrQEd by c. lilfer@t,'S

det er m ned substantla arrng ep
et al., J. Elect. Mater. Vol. 20, 267 (1991), H:

10 Baumgart, et al., Proceeding of the lst International
Symposium on Semiconductor Wafer Bonding: Science,
Technology and Applications, (The Electrochemical
Society) Vol. 92-7, p.375, C.E. Hunt, et al.,
Proceeding of the 1lst International Symposium on

15 Semiconductor Wafer Bonding: Science, Technology and
Applications, (The Electrochemical Society) Vol. 92-7,
p.165. |

Also, the selectivity of the selective etching
largely depends on a difference in concentration of

20 impurities such as boron and the abruptness of the
profile in its depth direction. Therefore, if bonding
annealing at a high temperature for enhancing a bonding

"strength or epitaxial growth at a high temperature for
improving crystallinity is conducted, the distributioh

25 of impurity concentration in the depth direction is
expanded, to thereby deteriorate the sélectivity of

etching. In other words, it is difficult to improve of



- 12 - growm h. Since a CVD device used in a nornal

sem conduct or process can be enpl oyed for epitaxial grow h,

according to the report (SSDWB5) by Sato, al., it is realized
that its uniformty is, for 5 exanpl €, Lh thin 100 nm 2% Also, it is
reported that the crystallinity of the epitaxial Si layer is also
excellent and 3.5 x 10[err]/cnferr]. The porous Si has been

di scovered by Unlir, et al ., during study of electrolytic polishing

of 10 Se”‘CQBQUQEQEcEéveUQEk&? 5?'§h§YEEchIﬁ h. aha tHe! - 35
333(1956)). The porous Si can be for by subj eét’i ng an Si

substrate to anggyz¥hl9niky2BndFboaldhgOBtrédgth togeth&&QUS_Si has
m cro-pores forned by el ectrol yte etching ulk Si |ike sponge,

and has pores about gavehal réfentSyearsn vbaanhea,fet aianpeee Wi th a
density of about 10[err]/cnferr], depending on the conditions of
anodi zat i on andreportedt hebopddngi SOIlewhdithneselyksSithe above problemsgan ,
et al., have studied dissolution reaction of Si in anodization and
reported tfAat pdsi exgeldengsinobhe upiforaitiyr of the fAdam thickeessn of S
in an HF solution, _and its reaction_is made as foll ows &T.

Unagani, J. El eBR8cRENFtaddinivy), 3927082!796( bggkghyprocessed (T. g + 2HF +

g?%?é?Lfri]Hin?fﬁnggL'-e%HLig;LP§PE §L¥gF LgtﬁFEryPélFFF[e?&b8+ 2HFor
St 4HF + (4-1e1bbhSher Mmiz mbkh8h" bmp1dbkeL! botobs 1h§he 52 of an
Si substrate 31 as a material of selective etching.

10 After a non-porous single crystal Si layer 33 is
allowed to epitaxially grow on the porous layer, it is
bonded to a second substrate 34 through an Si oxide
layer (insulating film) 35 (Fig. 5A). A first
substrate is made thin from its back surface through a

15 grinding method or the like sa that the porous Si is
exposed over the entire surface of the substrate (Fig.
5B). The exposed porous Si is etched with a selective
etchant such as KOH or HF + H,0, so as to be removed
(Fig. 5C). At this time, since the etching selective

20 ratio of the porous Si to the bulk Si (non-porous
single crystal Si) can be made sufficiently high to
100,000 times, the non-porous single crystal Si layer
that has grown on the porous Si in advance remains on
the second substrate without substantially reducing its

25 thickness, thereby being capable of forming an SOI
substrate. Therefore, uniformity of fhe thickness of

the SO0I is detefmined substantially during epitaxial



- 13 - SHeH]4-%F->HwH]SHéH] where e[err]

and elerr] represent a positive hole and an el ectron, respectively.
Also, n and [err] represent the nugbg? of positive hol es necessary
for dissolving Si of 5 one atom respecfively, and in the case where a
condition of n > 2 or > 4 is satisfied, the porous Si Is fornmed.
From t he above viewpoints, the P-type Si where positive hol es exist
i s made porous, but the N-type Si 10 i s not made porous. The

- selectivity at ghewthi® Since a cvpoaevscéet aseluin BOnGReAN has been

. proved by Nagano, et al., and Imai (Nagano, Nakajima, Yasuno, Onaka,

Kaj i war a, El ect semiconduvtorcprooassocant et emplogeld for epitesdaich
report, Vol.79, SSD79-9549(1979) and (K. Imai, 15 Solid-state
El ectronics, Vogr@uthl58¢¢es8dinhg to the reportn(S8BMEENVbLYt Beteal, et hod,

because the selectivity of etching is determ ned by a difference in
i mpurity concendtatidh dfdrea iéﬁﬂlﬁhﬁﬁ its vepfarmity isdj £0&tion, a heat
treatment tenperature which causes the_di stribution of concentratlon

to be expahded eXample(hgithig, 199|Pﬁxra?%groﬁ%ﬁO'o*tdﬁfaFPBHrtEFctP
Lﬁ;gglgh!hg1gde%Osgﬁggﬁngg$$£$£§%O %egp¥%aXIFipg?téay?ﬁafsbgéﬁﬁse an "
CLITLID oL el ikt 5 o6oIgn0 0% SLruelural o fference
heat treat nenghtepppoaLUEE hasSBBEh 492s8HGBra8 By! 6RLikhakt

al., during study of electrolytic polishing of -

10 semiconductor (A. Uhlir,lBell Syst. Tech. J., Vol. 35
333(1956)). The porous Si can be formed by subjecting
an Si substrate to anodization in an HF solution. The
porous Si has micro-pores formed by electrolyte etching
in bulk Si iike sponge, and has pores about several nm
15 in diameter for example, with a density of about

10*/cm?, depending on the conditions of anodization and
the specific resistance of Si.
Unagami, et al;, have studied dissolution reaction
of Si in anodization and reported that positive holes
20 are required for anodic reaction of Si in an HF
solution, and its.reaction is made as follows (T.
Unagami, J. Elecrochem. Soc., Vol. 127, 476 (1980)).
Si + ZHF + (2-n)e' - SiF, + 2H" + ne-
SiF, + 2HF - SiF, + H,
25 SiF, + 2HF - H,SiF,
or

Si + 4HF + (4-A)e' - SiF, + 4H' + Ae-



- 14 - t he heat treatnent at about 1,180C is enabl ed. For
exanpl e, there has been known that a heat treatnent af ter bondi ng

- wafers to each ot her enhances an adhesi ve _ - Strength between the

- wafers, and reduces the nunber and 5 size of voids occurring on the
bondi ng i nterface. Al'so, in the etching on the basis of a structural
difference, even if a particle stuck onto the porous Si exi sts, the
particle does not adversely affect the uniformty of the film

t hi ckness. 10 SiFAl sO2HFn-gy8dFyl , a thin filmSi |ayer deposited
on a light transmtting substrate represented by gl ass beconmes an
anor phous | ayer wberg pbl ndyet atlepresentata positivehchdisstarsk@nse t he

di sorder of the crystal structure of the substrate is reflected, to
t hereby di senabPiegtren, reppgrtizely naAdscde @B & Feprasendctheed.
This is because the cr¥§talh;§ructure of the substrate

anor phous, and BYERer; of,pesitiye, hodes. necesgarysifory dissolvi ; e of
bstrate, hi gh- | it i nal tal | t b bt ai ned.
20 StouelBP, AERE. SRPPSREISESY o ARG it SN0 REDINEES 2 varers
al vays requi resbug WaLA Be ANY BOBL ROS! 0N LlatiorsodNtrll diase AT ors
I S efCh an a

I s usel essly renbve y po i'ng, ing, etc., ndone
whi ch causes nof coLynbiae costs to increase, but also the finite
resource in the 25 earth to be wasted. In order to utilize

the.features of the BgbmU¥hBJdabove vikWpoiatecd vl @ typa kA Wd@dras been
desired in which
positive holes exist is made porous, but the N-type Si
10 is not made porous. The selectivity at the time of
porous structure formation has been proved by Nagano,
et al., and Imai (Nagano, Nakajima, Yasuno, Onaka,
Kajiwara, Electronic communication society technical
research report, Vol.79, SSD79-9549(1979) and (K. Imai,
15 Solid-state Electronics, Vol.24, 159(1981)).

In the conventional method, because the
selectivity of etching is determined by a difference in
impurity concentration and a profile in its depth
direction; a heat treatment temperature which causes

20 the distribution of concentration to be expanded
(bonding, epitaxial growth, oxidization, etc.) is
largely limited to about 800°C or below. On the other’
hand, in the etching of this method, it has been
reported that because an etching rate is determined

25 according to a structural difference between the porous
structure and the bulk, the limitation of the heat

treatment temperature is small to such an extent that



- 15 - while an SO substrate having a satisfactory quality is
manuf actured with a high reproducibility, saving of resource by
reusing the wafers, etc., and a reduction_ ;, . of the costs are realized.
5 - A nmethod of reusing a first substrate which is wasted in

t he bondi ng net hod has recently been reported by Sakaguchi, et al.
(Japanese Patent Application Laid- Open No. 7-302889).

They have applied the foll owi ng nethod instead of 10 a process in which
the first subst¢Rbenhkatyteetmbéhemat aboutt helBAck der baableder eFbr and a
porous Si is exposed by thinning the first substrate by etching or
the like in examphe, mehbrd hasbbednngnawd tbatuet hegtetzrieafmertusi ng

t he above-described porous Si. 15 After a surface |layer_of a first
Si substrate 4lafter bonfingawefpssotie eschopkhgrperbascesysn adhegivieng e
crystal Si layer 43 is fornmed thereon, and the single - crystal S

| ayer 43 is bonatgepgth hetwesnr thecwsfegs, and r gBGﬁ& gheg Sit 8744
different fromthe first Si. 20 substrate 41 are bo £ ach ot her

t hrough an® 51z?n95I¥P§ﬂ§ P&?EFrigg(ﬁpg%ggA%Pn?ﬁgpégg%%F, é bonded
wafers are divided at . th or | ay g , e [ROUS S

| ayer exposed fggﬁPfhénsgpga8§g§ﬁn§hgkséggngagﬁg of %isgﬁggffggé I s renoved

D bec® * 2E3fzphile,“Suen, 11°5PEICTLTS S BHeS) N pis €.
one of the follgyiRyst e¢hRl Bueticle does not adversely affect the
uniformity of the film thickness.

10 Also, in general, a thin film Si layer deposited
on a light transmitting substrate represented by glass
becomes an amorphous layer or a polycrystal layer at
the best because the disorder of the crystal structure
of the substrate is reflected, to thereby disenable a

15 high-performance device to be manufactured. This is
because the crystal structure of the subst:ate is
amorphous, and even if an Si layer is merely deposited
on the substrate, a_high-quality single crystal layer
cannot be obtained. |

20 However, the semiconductor substrate using bonded
wafers always requires two wafers, and most portion of
one of those wafers is uselessly removed by polishing,
etching, etc., and abandoned, which causes not only the
costs to increase, but also the finite resource in the

25 . earth to be wasted.

In order to utilize the features of the SOI using

the bonded wafers, a method has been desired in which



- 16 - a sufficient tensile force or pressure is

uni formy applied perpendicularly toward the in-plane of the bonded
waf ers; a wave energy such as a.ytrasonic wave is 5

appl i ed; the porous layer is all'owed to appear on the wafer
edge surface, the porous Si is etched to sone degree, _ and a nenber
sharp as a razor blade-is inserted into the etched porous Si; 10
the porous layer is allowed to appear on the wafer edge surface, and

after a liquid stEherdanV®oar substrate hadfifig s Gdtd IRICERRANE U i3sf dus Si ,
the entire bonded wafers are heated or cooled to inflate the |iquid;
or aahafae turedX arittdd a0 hiighe repraiducdbidaaond)saviing ofSubstrat e
horizontally to the second (or first) substrate. Those

t echni ques are beseurce biye rewsdingerthel afers, etichat ante gpareshwctSion s
sufficiently weaker than the bul k Si al t hough the nechanica

strength of theOfoithgs costsp@re r@addg@d-on the porosity. For exanple, it
can be presuned that if the pqrosity degree_is 50% the

mechani cal Sstrength &8 MefROoLfuTeysing Ryifdrst Syustyate which ds py k. 1n

ot her words, if_a §%Epnes Lve.forge, a tensile force or a shearjng
h

force is applield®® an 3=5e b%&é’d%’@ﬁshaﬁné‘eﬁ&’bﬁ}? S FEPATI8Y 1 st
destroyed. By\f‘mb?xﬁag%\?\:éug.ﬂgr OLGS| {(Yalpanede tateht WEpIRYASA Fia-

can be destroye orcCe.
Open No. 7-302889).
They have applied the following method instead of

10 a process in which the first substrate is ground from
the back surface thereof, and a porous Si is exposed by
thinning the first substrate by etching or the like in
the method of bonding and conducting etch-back using
the above-described porous Si.

15 After a surface layer of a first Si substrate 41.
is made porous to form a porous layer 42, a single-
crystal Si layer 43 is formed thereon, and the single
crystal Si layer 43 is bonded to a main surface of a
second Si substrate 44 different from the first Si

20 substrate 41 are bonded to each other through an
insulating layer 45 (Fig. 6A). Thereafter, the bonded
wafers are divided at the porous layer.(Fig. 6B), the
porous Si layer exposed from the surface of the sécond
Si substrate_is removed by selective etching, to

<25 thereby form an SOI substrate (Fig. 6C). The bonded
wafers is splitted within the porous si layer through

one of the following techniques:



- 17 - In this specification, porosity is defined as a

ratio of the volume of total pores to the material of t he porous

| ayer in the volume of the porous |ayer. However, in a method

di scl osed in Japanese Patent 5 Appl i cat ijgn -Lai d- Open No. 7-302889, a

position of the separation in the porous |ayer in the thickness

direction cannot be defined, and a | ocation where separation occurs

in the layer is different for each of the wafers, thereby |owering

the yield. Furthernore, a 10 t hi ckness of the renmaining portions of the

por ous Si | ay er sgffifdciesitn Fevsddeatfodcen orhpressaresdsf ace i s

di spersed, and even if _a high selective etching is - enpl oyed, the

yield may be | oWBi&9rmiyoppRlied pegpendicularly; foward:ithecAn-8lage t he

SO for high uniformty of the 15 filmthickness. Al so,

Japanese Patent°£pﬁgkc§PP9ﬁdL§P5§Eﬁén No. 8- 213645 di scl oses a

net hod of separating_the bonded the.gprous l,ayer, but does
r

waf er s .at
not discl ose the a wayvey EPST eSEFPuéfuPeu&%rFﬁgnﬁ J3¥e AFer. Apart

from 20 5 thig Bigléqation, "Proceedi ngs of Applied Physics
Soci ety, autumm BP 18 6, p. 673 by Tayanaka" discl oses that a

current is varied dukhBopdrBLACEESerOis allowEEn%Baﬁggb%raoﬂp%ﬂéﬁw%&er
Japanese Patent Application Laid-Open No. 8-213645 di scl oses that

the separation pagstgarifaed, arhePpbroudsi is etcheldheosepmeadegieedyer, in
ot her words, that a position where separation is nade cannot be
defi ned. and a member sharp as a razor blade is inserteé.;nto

the etched porous Si; .

10 the porous layer is allowed to appear on the wafer
edge surface, and after a liquid such as water is
permitted to permeate the porous Si, the entire bonded

' wafers are heated or cooled to inflate the liquid; or
a force is exerted on the first (or second)

15 substrate horizontally to the second (or first)
substrate.

Those techniques are based on the consideration
that the porous Si is sufficiently weaker than the bulk
Si although the mechanical sfrength of the porous Si

20 depends on the porosity. For example, it can be
presumed that if the pordsity degree is 50%, the
mechanical strength of the porous Si is half of that of
the bulk. In other words, if a compressive force, a
tensile force or a shearing force is applied to the

25 bonded wafers, the porous Si layer is first destroyed.
Also, as the porosity is increased, the pofous layer

can be destroyed with a weaker force.



- 18 - In this case, the thickness of the renmmining porous S

| ayer within the wafer surface is dispersed, and even I f the porous
Si is renoved by etching, if the rate of etching to the active |ayer
- (device layer) whichis a 5 non- por ous %¥ngle crystal layer is not O
- (zero), the active layer is sonewhat etched to cause the
fluctuation of the in-plane of the thickness. Alternatively, even if
the substrate is used in a state - where the remai ning porous Si |ayer
- exists, a surface 10 step endi ng on the separation_position renains
as it is. Al sdt EDdA FHeFEEiﬁﬁBgﬁnnePﬂﬁesa Xc%?b@ﬂffﬂe@hﬁs a

" di f
Tayanaka’ | i ho SERRPabf ofhBoYarumR O Eotal boved e the PAESEbADES i th
the result thatchlieoadSus 14508 BhGnBorbiaNs SE LHE ROLSYS B Lavers

remai ni ng on es nus e al F €MDY

I't has Dbeen con5|der§gwé@é% Eﬁ ?rﬁé€ﬁédoéi§é£8ééﬂ in JdpaﬁééepP£9&ﬁt|ayer

remai ni ng on the surface o ayer transferred onto the second

substrate s esggpiidation BAid-opéfieNol 070802889! UsepdsitU6nyal the bonded
Sa substrate. However, a period required for the etching

process is el ongsp&fatDor H8 the pbrelsersyer ihethe thickss®&ni ng porous
| ayer is thick, and al so processes such as carrying in/out 'the
substrates to tditrecthongcafbot bepfefimed, andagechecatidéntweerechi ng
apparatus or etchant, or cleaning after etchlng whi ch are
separation occurs in the layer is different for each of
the wafers, thereby lowering the yield. Furthé;ﬁore, a
10 thickness of the remaining portions of the porous Si
layer after being separafed in the wafer surface is
dispersed, and even.if a high selective etching is
v employed, the yield may be lowered in order to satisfy
the specification of the SOI for high uniformity of the
15 film thickness.
Also, Japanese Patent Application Laid-Open No. 8-
213645 discloses a method of separating the bonded
wafers at the porous layer, but does not disclose the
layer-like structure of the porous layer. Apart from
20 this publication, "Proceedings of Applied Physics
Society, autumn of 1996, p. 673 by Tayanaka" discloses
that a current is varied during a process to
manufacture a porous Si.
Japanese Patent Application Laid-Open No. 8-213645
25 discloses that the separation is made from any position

in the separation layer, in other words, that a

position where separation is made cannot be defined.



aceonpanied with the etching process, are required.

- 19 - Therefore, if the etching process can be omitted, a
period of tinme required for manufacturing the SO substrate can be
greatly reduced. Even if the conventignal etching process cannot be
fully omtted, 5 I f the etching period can be greatly reduced, the
period of time required for manufacturing the SO substrate is
shortened, thereby being capabl e of _ providing the SO substrate

I nexpensi vel y. 10 SUMVARY OF THE | NVENTI ON The present

i nvéntion has bierthigicasesothe tivtickness ofipthe yemadlinimgvperousdcShri or
art, and therefore an obj ect of the present invention is to provide

a net hod ~ Lagfergrtfhdn (fhe JrafeefubiReR t1F disReraed, \iRdreyen 15

cobaus 1 ayer 1t "the pToug oY Fs Sretovsa Y it RN 1f ben FoRS 8f o
rovide a nethg f. manuf urin L conduct or substrat e

Pepresent ed by egtc%}:.d-ﬁ q %ﬁﬁi?/ %‘Eﬁi‘g%z:g&% e(jéj‘aZY)lce ]l'%?]r—)énurlt‘)%/%?y?'s a

| n order tg achi ' ' ent

nvent; on St nefiSit Pz MU ) SySea R Ryl N not 0 {fetdf, PEAS

sem conduct or Sé&lsj'.fxiéltfhyé@% | SoivRA€e etched fééeé}&ué’é:th85

preparing a first substrate having a porous region I ncl udi ng at
| east two | ayerflutthition of ¢l abniplasl of the thickness.
Alternatively, even if the substrate is uséd in a state
where the remaining porous Si layer exists, a sﬁrface
10 step depending on the separation position remains as it
is. Also, even in the above method described in the
"Proceedings of Appliéd Physics Society, autumn of
v 1996, p. 673 by Tayanaka", the separation occurs in the
center of the porous Si with the result that the
15 remaining portions of the porous Si layers remaining on
both of the substrates must be always removed.

It has been considered that the process of etching
the porous layer remaining on the surface of the layer
transferred onto the second substrate is essential in

20 order to manufacture a high~-quality bonded SOI
substrate. However, a period required for the etching
process is elongated more as the thickness of the
remaining porous layer is thick, and also processes
such as carrying in/out the substrates to the etching

25 apparatus, management of the etching apparatus or
etchant, or cleaning after etching, which are

accompanied with the etching process, are required.



a non-porous |layer formed on the porous region;

- 20 - bondi ng a surface of the non-porous |ayer of the
first substrate to a surface of a second substrate; separati ng
the first and second substrates from - 18ach other to transfer the

non- porous |ayer to the 5 second substrate; and renovi ng
the residual portion of the porous region remai ni ng on a separation
surface of the second substrate or maki-ng the residual portion

non- porous to smoot h the separation surface; 10 wherein the
step for preparTheréfierér 4f shbsetehdng processnpansbe amitepdof af orm ng a
first porous |ayer of 1 [errJmor less in thickness, a second porous
| ayer adpectad 06 thmef regquipedofior| maeufagtulrigy the SOI

porosity, and the non-porous |ayer adjacent to the 15 first porous

| ayer. substratebeer headgseat Yosﬁégggdandﬂveatafe§h9f t he

present invention will be nore apparent fromthe

descri ption taK@ﬂ“YﬂnEbﬂPﬁﬁc?FﬁﬁiRFtHrPﬁESS cann°§cPSnﬁHﬁ}Yn@m&Fgﬁans. 20

BRI EF DESCRI PTI 1 d 1D
schemati cal crob -%Eé egéggﬁgtPﬁﬁé?dvFgﬂBb?ogrﬁﬁgan5ﬁﬁ8ﬁegf ghgpocessags

manufacturing a,gerb§opgdueigl 3uRatahesBECRhALEYCkr1Ag theBBreXandl e of

the present in
substrate is shortened, thereby being capable of

providing the SOI substrate inexpensively.

10 SUMMARY OF THE INVENTION
| The present invention has been made to solve the
above problems with the prior art, and therefore an
'  object of the present invention is to provide a method
of manufacturing a semiconductor substrate which is.
15 -capable of omitting or shortening a selective etching
process of a porous layer.

Another object of the present invention is to
provide a method of manufacturing a semiconductor
substrate represented by a high-quality SOI substrate

20 inexpensively. |

In order to achieve the above objects, according
to the present invention, there is provided a method of
manufacturing a semiconductor substrate, comprising the
steps of:

25 preparing a first substrate having a porous region
including at least two layers different in porosity and

a non-porous layer formed on the porous region;



Figs. 2A, 2B, 2C, 2D, 2E and 2F are schemati cal Cross-sectiona

views for explanation of a process of

- 21 - manuf acturi ng a sem conduct or substrate according to

anot her exanple of the present invention; . 20 - ~ Figs. 3A 3B, 3C 3D
3E and 3F are schemati cal : cross-sectional views for explanation of a
process of 5 manuf acturing a sem conductor substrate according to

still another exanple of the present invention; Figs. 4A, 4B
and 4C are schematical cross- sectional views for explanation of a
step of producing bondingnenspyfece bfythe nop-porous laygr 6 tb8 and 5C
are schematical cross-sectional views for explanation of a process
of manuf acturi n§igst SUbSt§éﬁﬁc6ﬁdécﬁBngggs9fa@eS§§@6ﬁd$H§SF§a§eF|rst
conventi onal exanple; and 6A, 6B and 6C are schenati cal
cross-sectional 15 SePPE§§iPErt9§pf$E§F| HdoFeQOB@o§B§§tSPtﬁﬁnﬁFQ@tur|ng a
sem conduct or subsirate accordin ﬁ%% cond onventlon exanpl e.
DETAI LED DESCRI PAF e’FHE°P‘REF% RBcRPRERRECUsLayes 't Eﬁﬁ/
descriptiog wl| be E DK reaggtall of preferred enbodlnents of
t he presen |nv§ﬁ?|on wren ference to the acconpanyi ng draw ngs.

o ' et o o1 SASPIRGLn: RSSagGRN' BBEkion ot FKECYSELRS, Flbibn
according to thﬁeﬁéfﬁfﬂ& on a separation surface of the second
substrate or making the residual portion non-porous to
smooth the separation surface; .
10 wherein the step for preparing the first substrate
comprises a step of forming a first porous layer of
1 ym or less in thickness, a second porous layer.
v+ adjacent to the first porous layer and high in
porosity, and the non-porous layer adjacent to the
15 first porous layer.
The above and other objedts and features of the
present invention will_be more apparent from the

following description taken in conjunction with the

accompanying drawings.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A, 1B, 1C and 1D are schematical cross-
sectional views for explanation of a process of
manufacturing a semiconductor substrate according to
25 one example of the present in&ention;

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

cross-sectional views for explanation of a process of



I nvention. As shown in Fig. 1A there is prepared a first substrate

2 having a porous region 1 with at :

- 22 - | east two layers 12 and 13 different in porosity from

each other and a non-porous |ayer 14 fornedgapn-the porous region 1.

Ref erence nuneral 11 denotes a base menber . 5 Then, as

shown in Fig. 1B, a surface of the non- porous | ayer 14 on the first

substrate 2 is bonded to a surface of a second substrate 3.

Ref erence nuneral 15 denotes a non-porous insulating |layer, and 16

i's a base manefideturing a semiconaugtg;tgups§;a§QOQﬂcpﬁdtng_tgc, t he

first substrate 2 and the second substrate 3 are separated

from each ot heranptBerhesampheceft fhe PReseBh- pyvension; | ayer 14 is

transferred to the second substrate 3. ubs nt | P, shown
Sip8ta

Subsequ
in Fig. 1D, a residu5193153Arp%Pti%ﬁrl%n'o?gtﬁﬁdpﬁfoﬁ§elgﬁg?mﬁ i ni ng
on a separation surface of the_.second.,sub te 3. i e
or nade non-porGﬁgs?bs§ﬁﬁﬁ?ﬁa¥hglggﬁafafi8ﬁp%ﬁ??§%éﬁ 5t°a §r58g3¥|§f
particular, as sho ip Fig. 1A I e s T
substrate 2 is ﬂ?@ﬁg?gﬁ?r?ﬂg ?i?g#gcéggugéégrgﬁgs g?gg égcggﬁéégn?Bto t he
non-porous layegr, 44, i D ener oklfpPA! 8¥Sth89pLEsBRY RRGEREEBRY be made to
have a thrckness OP 1 ferrfn1or | ess, nore preferably to 0.5 pm or
less. The porosity (Fggs,ohat hgpsgaandcprareuschamatiédl cross-adj acent to

the first porous |ayer 12 is nmade higher
sectional views for explanation of a step of p;gducing
‘a non-porous layer; h
10 Fig. 5A, 5B and 5C are schematical cross-sectional
views for explanation of a process of manufacturing a
semiconductor substrate according to a first
! conventional example; and
Fig. 6A, 6B and 6C are schematical cross-sectional
15 views for explanation of a process of manufacturing a

semiconductor substrate according to a second

conventional example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Now, a description will be given in more detail of
preferred embodiments of the present invention with
reference to the accompanying drawings.

Figs. 1A to 1D are schematical cross-sectional

views basically showing a method of manufacturing a

25 semiconductor substrate according to the present
invention. As shown in Fig. 1A, there is prepared a

first substrate 2 having a porous region 1 with at



25- than the porosity (PS1) of the first porous fayer 12.

When the first porous |layer 12 having a | ower porosity (PS1)

i nt er posed between the non-porous |ayer

- 23 - 14 and the second porous-l gger 13 having a higher
porosity (PS2) is thinned to 1 pmor less, the two substrates are
separated from each other in the vicinity of an interface between
the first porous |ayer 5 and the second porous |ayer substantially in
par al | el with the surface of the non-porous |ayer 14.

The residual polepst two dpyems f2r endpdBoddfifgyent in porpsikynifrgmon t he
surface of the non-porous |ayer which has been transferred to the

second subst ar a@8Shsothegy ang 2 npprRPTRYsodprer P41forard RRJIEPEHI n and
substantial ly unif?rn1&n taé%kness over thi ggtire $€ aragion
surface. The rcBPHOUF pEILPBnl1o' REFETRBCR; puperglogd denotes) 3, base,
changed into a ﬁéﬁ-g?rous structure by subj ecting the residual
portion 12" to aP featment 15 in a non-oxidizing atnmosphere and

| ntegratedgwi th (he mmen, aBOBRBRRCYR kgl 2Y8! WNGHRehBeBLURAR g | ayer
to be made smooth'its surface. seen’in above, upon the

renoval of resigygabuBoiay8e 14 onl thbakess@xXEuBERAte 2 is BBAHEAG! itBRaf OF

etching w thout conducting selective 20 etching or polishing.
The porosity PSgupfatBeofi askepbh@Usubgyeate 3. Ra€eeefcBInuferhe psesent
i nvention may preferably be selected froma range that does not
exceed 40% denotpecafl hoalpproukeinsudatingPhayery BAd1160i40% base
member. :
10 Thereafter, as shown in Fig. 1C, the first

substrate 2 and the second substrate 3 are separated
from each other in such a manner that the non-porous
: layef 14 is tfansferred to the second substrate 3.
Subsequently, as shown in Fig. 1D, a residual
15 portion 12' of the porous layer 12 remaining on a
separation surface of the second substrate 3 is removed
or made non-porous to smooth the separation surface.
In particular, as shown in Fig. 1A, in the case
where the first substrate 2 is prepared, the first
20 porous layer 12 adjacent to the non~porous layer 14 in
the porous region may preferably be made to have a
thickness of 1 uym or less, more preferably to 0.5 pm or
less. The porosity (PS2) of the second porous layer 13
adjacent to the first porous layer 12 is made higher
25 than the porosity (PS1) of the first porous layer 12.
When the first porous layer 12 having a lower

porosity (PSl) interposed between the non-porous layer



25 More preferably, its upper limt may be sel ected froma

range that does not exceed 25% In particular, the upper limt
thereof nmay be 1 to 25% - 24 -

The porosity PS2 of the second porous |ayer _ according to the present

I nvention may satisfy the relation of PS2 > PS1. It may be preferably
made hi gher than 25% and nore preferably made hi gher than 5

40% In particular, the porosity PS2 may be set to 25 to 90% and
nore preferably 40 to 90% The thickness of the second porous

| ayer may be 14 andeithel eecohdnpdrowsgdayer’ 13MheYimg ohighexr |m  Mre
preferably, the thickness of the second porous |ayer 10 may be made
| arger than thapoabsiilty f(PS2) der dbhinnaderto 1 pm or lessThéhki s substrate

used in the present invention may include, for exanple, one in which
after the subgitirateso freh sepaxiatedd froor caghe ovberedn] thies nmade
por ous, a non-por.ous Iayer Is fornmed on the porous 15 regi on, .one in

whi ch a porous NagFdnidydof ﬁ6n1HGP6§§°e betweP&y@PeaFér§§rR€5°Hﬁ i Base

menber 11, and on ich after the surface e base er is
mmde.| 5 hor 808, ey arcopd”E P&fé’ﬁ‘s SRs FubRRRRIAY Wongusare1Te
returned to a ng 0 S _Str. ur 0 rous | ayer used
in the present |%§§ht§§nsa redEk! b ncIu 898" gﬁpgén u§% ?drned by at | east

ei t her epi t axipgly QEQWhﬂaQ”SBQ%lBBVQQS B%QEHQ Q&r&%eﬁbﬁﬁﬁg h9ber

changi ng the porous region to n- porous structure
remaining on the surface of the non-porous layer which

has been transferred to the second substarate ié of a

10 lower porosity (PS1l), and made thin and substantially
uniform in thickness over the entire separation
surface. The residual portion 12' of the first porous

d layer is changed into a non-porous structure by

subjecting the residual portion 12' to heat treatment

15 in a non-oxidizing atmosphere and integrated with the
non-porous 14 layer which is an underlying layer to be
made smooth its surface. As seen in above, upon the
removal of residual portion 12', it takes extremely
short time for etching without conducting selective

20 etching or polishing.

The porosity PS1 of the first porous 1ayer-
according to the present invention may preferably be
selected from a range that does not exceed 40%.
Specifically, the porosity PS1 may be 1 to 40%.

25 More preferably, its upper limit may be selected
from a range that does not excéed 25%. In particular,

the upper limit thereof may be 1 to 25%.



In particular, the non-porous |ayer is nmade of 25 sem conductor such as

non-porous single crystal Si, ' GaAs or I nP and shaped in a plate or a
disc. Also, it i's not. essential that such a thin filmis formed over
- 25 - the entire surface, but Lhggthin filmmy be partially
etched by a patterning process. An insulating | ayer such as an
oxide filmmy be formed on the surface side of the non-porous

| ayer. 5 For exanpl e, the porous region can be formed by

anodi zing Si substrate in an HF solution. The porous | ayer is
structured |ike sponprRewheresityeBS2rofothe sécond porgpysulayeferr] to 10
nmin dianeter are arranged at I nterval s of about 10[err] to 10 nm
The density of abeording tpotbespregentcinventipangey Batasfangbeof 2.1 to
0.6 g/cnferr] by changing t he concentration of HF solution in a
range of 50 to PedatiaBngEnBSal 2oRSL-addtt maK Pat pgedprably made,nging a

current density, in conpari ith th d It f.sipal I
SI, 233 ofcn. higReF Fhapn38315and whge; prefpechlvaRbds RaoBReCtArE
conduction_type a orti ich i d dul d
adgarcez 5 I 48%e pPPOE?F§983%5%2 %ﬂ%ﬁﬁg%ggg%yﬁggggggg gregggh%oabg '
nodul ation. In S h di '
conditions, a ngﬁ-gggénéggt@oééggf?g?gskﬁ%egpf?gegg%' isagﬁa:fgilfﬂ hol e
di ameter than a dege@ﬁ%a%ﬁiéﬁﬁé%ﬁabf the secbBiepblkbusbibyklrs mBg! dedensity

I's increased by about lgure with the result that the porosity is
high. In s8188te¥OESSm bNeaRgeOBiEt ¥romn 10enmorbr ol had bylozkangi ng
'preferably, the thickness of the second porous iayer
10 may be made larger than that of the first porous layer.
The first substrate used in the present invention
may include, for example, one in which after the
| surface of the semiconductor base member 11 is made
porous, a non-porous layer is formed on the porous

15 region, one in which a porous layer and a non-porous
layer are formed on the base member 11, and one in
which after the surface of the base member is made
porous, a surface layer of the region made porous is
returned to a non-porous structure.

20 The non-porous layer uséd in the present invention
includes a semiconductoi formed by at least either
epitaxial growth on the porous region or treatment for
changing the porous region to a non-porous structure.

In particular, the non-porous layer is made of

25 semiconductor such as non-porous single crystal Si,

GaAs or InP and shaped in a platé or a disc. Also; it

is not essential that such a thin film is formed over



these conditions. In this way, in addition that the 25 density of the

porous Si can be reduced to the half or | ess of that of single
crystal Si, the single crystallinity is maintained so that a single
crystal - 25 - - 26 - | ayer can
be made to epitaxially grow on an upper portion of the porous |ayer.
However, at a tenperature of 1,000C or higher, pores inside of the
porous | ayer are rearranged, to thereby | ose accelerating etching

5 characteristics. Therefore, it is presuned that a | ow .

t enperature grothe enthressurfeicesubuit thdiny Hijlgm may be pgrdiiedlypl asma
CVD, reduced pressure CVD net hod, phot.o- assi'sted CVD, a bias

sputtering met he§chgd pyupd Pgrieening Proge§f-h net hod or the like is
proper for the epitaxial, 1 row h of an Si_ | ayer t orous | ayer.
Hom?ve[_, . hi gpbpeﬂ'g‘?f‘g'ﬁ}gé‘ggﬁm YRS 55 ?&'yﬁ edéif‘ﬁg'tayal Ie
protective film.is rne n ady a _ i

surfaces of thefﬁﬁwg P8rﬁ@8 ﬁHrgggsp%Eg%E%& %%e %nggPrFWFgégﬁégétechnique
such as oxbdatlon. Fr exam 1ol N¢Re b%%o%gr 9%9#19 ar %eormlb\ﬁel y

I ncreased in surface ared nore-than vo ecause a | arge nunber

of ”1cr0'caVitisﬁoﬁﬁgﬁkﬁéﬁﬁdsh%%kgﬁtbhghegk:thsolutionﬂddﬁhbp rous

sem conductor nateria rely exists as a very-thin wall. For that
reason, the chefhgahr 2kCititictided 1ikee spdng) wihddiedoleic oal @oriead oM

cooperation with the suction of an etchant due to capillary action
in conpaabsat Woth tddCetrmhiitg diznetEr aroramtanged)lat
‘intervals of about 10 to 10 nm. The density af the
10 porous layer can be changed in a range of 2.1 to 0.6
g/cm® by changing the concentration of HF solution in a
range of 50 to 20%, changing alcohol addition ratio or
' changing a current density, in comparison with the
density of single crystal Si, 2.33 g/cm®’. Also, if the
15 specific resistance and electric conduction type of a
portion which is made porous are modulated in advance,
the porosity cah be changed on the basis of such
modulation. In case of the p type, under the same
anodization conditions, a non-degenerate substrate (P7)
20 is smaller in hole diameter fhan a degenerate substrate
(P*), but its hole density is increased by abbut 1
figure with the result that the porosity is high. 1In
other words, the porosity can be controlled by changing
these conditions. In this way, in addition that the
25 density of the porous Si can be reduced to the half or
less of that of single crystal Si, the single

crystallinity is maintained so that a single crystal



crystal |ayer. The nechani cal strength of the porous region 25
depends on porosity, but it is presuned that it is weaker than that
of a bulk. Also, the nechanical - strength beconmes weakened nore as
thée porosity is - 26 - - 27 -

hi gher. In other words, if conpression, pulling force or shearing
force is exerted on the bonded wafer, the porous | ayer gets first
broken. Al so, as the porosity is increased, the porous |ayer can be
destroyed by a 5 weaker force. The structure of the porous
regi on accor di ndayer can betmadpr@se#pitnwénﬂﬂwngh@w an asasppexo | ayers

di fferent I n porosit ere two |ayers fromthe surface side .
consi st of a thPﬁrFé?@r°¢bW%PhPP€P@§|ﬂ?Y&ﬁd aHpwerer,16t ahitgmperalsresity
in the stated order rangenent where a porous Iayer | ow

in porosity is ©f °°9|§p8§éHiSHthePQEPFa QSipﬁe°5rf§FaP°FﬁPFy Cr (vl

surface roughness _of the no%P%F | ayer. fornmed rous

region, in partFEﬁIﬁFarFHEQESVt§?l grlg afgeler & Pk&%ngPﬁbroved.
The CryStaE"”'EKaQ%E%EE&Ptics OER% UgRees tie %h Sl %tOE Re

el ectroni c devi ce € sen1conduct u stra as well as

the. y'el@epa%EaQEQEp Cowith LOE C§§eaW?3&%chﬁ§rCBéﬁhahpltax;aldefeCtS

in the epitaxial on tNe porous |ayer 50% 1 n porosity is 1 x
10[err]/cnferr] grbl@ncr pibdhadelBst Feliliced presbheee@vmiﬁb%hohaygho% t he
porous | ayer of 2096|n porosity is 5 x 10[err]/cnferr] which is
different by onasaigéted CVD, a bias sputtering method, a llquld-phase

growth method or the like is proper for the epitax1al

10 growth of an Si layer on the porous layer. However,
high-temperature growth is enabled provided that a
protective film is formed in advance on each of the

'  side wall surfaces of the pores formed in the porous
layer through a'technique such as oxidation.

15 Then, the porous layer is progressively increased
in surface area more than volume because a large numbef
of micro-cavities are formed inside thereof. 1In
addition, semiconductor material merely exists as a
very-thin wall. For that reason, the chemical etching

20 rate is considerably accelerated in cooperation with
the suction of an etchant due to capillary action in
comparison with the etching rate of a normal single
crystal layer.

The mechanical stréngth of the porous region

25 depends on porosity, but it is presumed that it is

weaker than that of a bulk. Also, the mechanical

strength becomes weakened more as the porosity is



hatf figures under the sanme grow ng condition. Al so, I f the surface

roughness i s represented by nean square 25 roughness Rrns in the
measurenent of an area of 50 pm square by an atomi c force

m croscopy, the respective roughnessgg are 1.2 nmand 0.3 nm thus
being | argely : - 28 -

different. Incidentally, a large surface roughness is

di sadvant ageous to the bondi ng process. : The first porous |ayer
wiht a |ow porosity at the surface is nearly 1 [err]mor less in

t hi ckness, but higher. 5In othefDwergdsef &fabbppessionor phdddngt fercesi dual
| ayer can be nmade non-porous by the surface snoothing process

after the separari sheardépg findcehdssexeéatedcan bbe bondedswadelredthender
this condition, if the porosity of the first porous layer with a | ow
porosity is 409perougsdayerpogetsyfirgsr brpkener ablpo25&soithpeporosdty of
the crystal quality and_the surface roughness of the epitaxial

| ayer can be satfsipggeased, the poreys la¥sriCabr bes ARSFEPYRA: RYaahi gh
porosity di%ectl¥ under the first porous layer with a low 15
porosity c3n beWPaBPFcEPEF®ny controlling the above- descri bed

various conditions p&nggg%§§§hgg,o@ngE%hﬁﬁFSPsng?égbgﬁggﬁﬁrggnéh%osecond

porous |ayer is satista esirable

fhat the thicknggg gresentiin%ekgishnhﬂ§ heSTeall! twb' hGE2R! Wit ea BEOT
ess from 20 the viewpolnt of restricting a separation position. No
probl em parti CULAr b¥rakitgSwhrel thoalhPbtd BPbAUEhe surface side
consist of a thin layer low in porosity and a 1;yer
10 high in porosity in the stated order. With the
arrangement where a porous layer low in porosity is
disposed on the surface, the crystallinity and surface
' roughness of the non-porous layer formed on the porous
region, in particular, the epitaxial layer are
15 remarkably improved. The crystallinity greatly
influences the characteristic of the electronic device
formed on the semiconductor substrate és well as the
yield. For example, in the case where the crystal
defects in the epitaxial layer on the porous layer of
20 50% in porosity is 1 x 10°/cm?, the crystal defects in
the epitaxial layer on.the porous layer of 20% in
porosity is 5 x 10°/cm? which is different by one and
half figures under the same growing condition. Also,
if the surface roughness is represented by mean square
25 roughness Rrms in the measurement of an area of 50 um
square by an atomic force microscopf, the respective

roughnesses are 1.2 nm and 0.3 nm, thus being largely



| ayer is fornmed directly under the second porous | ayer, and if the
porosity of the third porous |layer directly under the second porous,
hi gh porosity layer is made 25 | ower than that of the second porous

| ayer, the Separation position is HDF% stabilized, to thereby

I mprove the surface roughness after the surface

- 29 - snoot hing treatnent is conducted subsequent to the

- separating step. Al so, the second -porous layer with a high
porosity can be forned by using the porous structure producing 5

process and i ondififlexrent.i olIncddentally, a large surfaceXaughnesieriss has
been reported that when i ons of helium or hydrogen are inplanted

into bulk Si disadyagtagecss ttoedheehonddingh@rooessuct ed on the bul k Si

m cro-cavities several to several tens nmin dianeter 10 are forned
with the density of Toeeddpstriponousodayess wihtya low poragiidy & ithel ant ed
(For exanple, A Van Veen, C.CGiffioen, and J.H Evans, Nht Res.
Soc. Synp. sur;ﬁgpgc isl@FFI'S}%l Wi & d-lesﬂeén S‘é’é-""ﬁetsﬁsbl?tué’n it
Pennsylvanka) p.4

resear ched>t hat 15" Rbre Pﬁ?fﬁ\rép&ycgvs{g‘%‘grfl’%ué%asr?s'eﬁbteo%%%i%?agh la%(?ﬁrt ering
o1p .ot et el BB B noncporpye, Yy, TSR Beblor IO SRRV
treatment to fOLER-CRNE! bedadin t%e,er%%fdt thel Yufidce can b 9700VE in
a substrate so t t he 5| sur a t'he
smoothed. Under thls condition, if the porositg of the
first porous layer with a low porosity is 40% o; less,
10 and more preferably 25% or less, both of the crystal.
quality and the surface roughness of the epitaxial
layer can be satisfied.
! The second porous layer with a high porosity
directly under the first porous layer with a low
15 porosity can be fabricated by controlling the above-
described various conditions of anodization, and the
thickness of the second porous layer is safisfactorily
10 nm or more, and it is desirable that the thickness
is 1 pm or less, more preferably 0.5 pm or less from
20 the viewpoint of restricting a separation position. No
problem particularly arises even if a third porous'
layer is formed directly under the second porous layer,
and if the porosity of the third porous layer directly
under the second porous, high porosity layer is made
25 lower than that of the second porous layer, the

separation position is more stabilized, to thereby

improve the surface roughness after the surface



cavity group is exposed, and conducted an oxidation treatnent. As a
result, the cavity group was sel ectively oxydized to forma buried -
Si oxide film 25 In other words, they have reported that the SO
structure can be forned (V. Raineri, and S. bg - Canpi sano, Appl. Phys.
Lett. 66 (1995) p.3654). - 3
However, in their nethods, the thicknesses of the surface Si | ayer
and the burried Si oxide |ayer are set _ ‘within the limts that both
of the formation of the cavity group and the relief of a stress
devel oped by  Smoothlingetpantmentoisaceniuctedt subsegueptotookheati on are
satisfied, and also the formati on of a groove is ' required for

sel ective oxi daSeparaking g&epkt, the SA structure could not be

formed over the entire substrate. The_formation of the cavity group
has been 10 reporBPdfCasthe BRROBE PREOHEsdaVer With:AnhlieB prEosity

inflation of those gavit roups and t separati o hegomenon as
well as a firstc?ﬂrﬁﬁcg°§ﬂgp gg gSﬁag|£§? porous F§§P8ﬁuF§aBF8$u§§ng
e e T E
a nmetal. o] a u €S occur in

Laver CT's. obractured YoF, PRaiple | BAE-80RUE baA FdBokPla thar whER! S0'BL
ion inplanted |§Mﬁé-ofhﬁé§iﬁﬁepr hydrogéhaéréaiﬂblhﬁtgachﬁﬂbcﬁhhk g@ak and
enables 20  acceleration oxidation and acceleration etching as in

and a heat treatment is then conducted on the pg;k Si,

micro-cavities several to several tens nm in diémeter

10 are formed with the density of 10'*'’/cm® or less in a
region as implanted (for example, A.Van Veen,
C.C.Griffioen, and J.H. Evans, Mat, Res. Soc. Symp.

' Poroc. 107(1988, Material Res. Soc. Pittsburgh,
Pennsylvania) p.449).

15 . In recent years, it has been also researched that
‘the micro-cavity group is employed as the gettering
site of metal impurities.

V. Raineri and S.U. Campisano have implanted
helium ions into bulk Si, and conducted a heat

20 treatment to form a cavity group, and thereafter formed
a groove in a substrate so that the side surface of the
cavity group is exposed, and conducted an oxidation
treatment. As a result, the cavity group was
selectively oxydized to form a buried Si oxide film.

25 In other words, they have reported that the SOI
structure can be formed (V. Raineri, and S.U.

Canpisano, Appl. Phys. Lett. 66 (1995) p.3654).



the porous quality of anodi zati on. The ion inplantation
el enments are not limted to hyrogen or rare gas, if an inplantation
darmage | ayer, a hi gh-concentration |ayer (strain |ayer) of inplanted
25 elenments or a bubble layer is formed.iBgthe vicinity of t he

I nterface. Provided that ion inplantation is conducted in

- 31 - such a manner that a projection range is contained in

t he porous |ayer formed by anodi zation, bubbles are formed in pore
wal I s of the porous material in the vicinity of the projection
range, to thereHBowewbancén theirt methodssi the thieknessesplofnttie on may be
made before or after the formation of the porous |ayer by

anodi zati on. FuPugréacet fd iéﬁernﬁpénﬁbﬁlbﬁrﬁéﬁdb§ln§6éde layercpae seter

t he non- porous Ia¥er structure is In the %pltaXIa|

growt h process WhthiB fBeoddimits thaFaPQFh 9f ithe formatdopyofhheng (heat
t t t [ f f S
or eat 1y e f ect | GRVARY (GEPHG BRA G081 LR}IBE Dfics Stiess,glvatonetl Bar hi gh
N. Sat t al Vol 1 116
E1995?)? e gons |?xggﬁg&§§cg%g%oV°1 ggcgﬂ e%%g?tééhrygdgglg o&gelayer
are ConS§H€§s§$éde”QﬁﬂdhﬂgotQﬁethﬁﬁa@gbbngftQegQ%oQ%k

process. Therefore t he out er nost surface bei ng H2- baked
is athin Iayerréewafadp%es kbYecti¢e oxiaatisﬁl | N0k EBGuAY, eEndukplg the

hydrogen baking process is promoted. If the thin layer lowin
porosity is nmadgtructure could not be formed over the entire
substrate. The formation of the cavity group hés been

10 reported as a link of the research relating to the
inflation of those cavity groups and the separation
phenomenon as well as a first furnace wall of a nuclear

' fusion reactor as a phonomenon accompanied with the
implantation of light elements into a metal.

15 There has been well known that bubbles occur in
the ion implanted layer as described above, and the ion
implanted layer is structured as if porous structure is
formed inside of the ion implanted layer. Therefore,
that layer is mechanically weak and enables

20 acceleration oxidation and acceleration etching as in
the porous quality of anodization.

The ion implantation elements are not limited to
hyrogen or rare gas, if an implantation damage layer, a
high-concentration layer (strain layer) of implanted

25 elements or a bubble layer is formed in the vidinity of

the interface.

Provided that ion implantation is conducted in



thin to about 1 pmor less, nore preferably 0.5 pm or | ess, a porous

| ayer having a high porosity can be di sposed downward in the
vicinity of the epitaxial | ayer whi ch has been subjected to
epitaxial growth, so 25 t hat the separagifn can occur in the porous
regi on close to the epitaxial |ayer t he thickness of

the thin layer having a | ow porosity remaining after

- 32 - separation can be set to a value |lower than 1 pm

sonetinmes lower than 0.5 pmso as to be snoothed in the subsequent
snoot hi ng pr ocesdchAasmannepvtiat ahprojbetion rahgeeigecbataimhedeia porous
region is fornmed is inmersed 5 in the HF solution prior to H2 baking

to renove the the poxous 1&YeroﬁOINQdpbYoasoéiaetﬁanL bubbhespares in the
vicinity of the surface of the porous t he oxi de filmis

renoved by HF, fexmedpéntpereovalhs @ﬁpﬁgédPOrOUS Bareatall aPethéhi ch has
oat “‘d?r2§£‘q£a°£€¥ﬁefﬁgmg§§%§£° f%aﬁ?%‘as‘iéfékéé‘gﬁea%&ﬁ% gos” | '°
weakened {"ﬁoﬂeiﬂﬁﬁ?égfomﬁxngtﬂﬁ iweb REatLoh"Bay pe pags; BRFORR, o
ot ot | ayer | go% aF dﬁafe%&mala%mn %ﬁ%eéi%%?ﬁ ee8k B2, "Cuch as
epi taxial growt fno il eszsn?X' ﬁ*a&ﬁarorthen%ﬂgiﬂsﬂntatmn hag2bBERbde
W t hout being oxidized at a | ow tenpérature, the porous layer is
structural |y chapggdagteél tha!nbheporous layer structure is formed.
In the epitaxial growth process on the por;us
10 layer, as its first step, baking (heat treatment) in}H2
for embedding the surface pores of the porous Si is
greatly effective in making the quality of the
+  epitaxial layer high (N. Sato, et al., J. Electrochem.
Soc., Vol. 142, No. 9, 3116 (1995)). The constituent
15 atoms of the outérmost surface porous layer are
consumed for embedding the holes during the Hzibaking
process. Therefore, if the outermost surface before
being H,-baked is a thin layer low in porosity, the
sealing of the pores during the hydrogen baking process
20 is promoted. If the thin layer low in porosity is made
thin to about 1 pm or less, more preferably 0.5 um or
less, a porous layer having a high porosity can be
disposed downward in the vicinity of the epitaxial
layer which has been subjected to epitaxial growth, so
25 that the separation can occur in the porous region

close to the epitaxial layer. Also, the thickness of

the thin layer having a low porosity remaining after



20 fine pores at the tinme of anodization is aggl onerated and

enl arged. Enpl oying this phenonenon, separation can be pronoted in
the vicinity of the interface bet ween of the epitaxial and porous’
| ayer due to the enl argenment of the ggres directly under the

epi taxial 25 | ayer and the strain between the porous Si and the
epitaxial Si. In the present invention, subsequent to the

- 338 - separation of the bonded wafer at the second porous

| ayer high in porosity, the residual portion lowin orosity
remai ni ng on t heeparattenotanhbet satister fealue 1°Wﬁ§ntbépogsumayer is
subj ected to a snoot hing grocess. 5 A heat treatnent under a
non- oxi di zi ng asemephaes lower thanyOwEaumt FRaRFeP PR sWEethes iR §hSper
for the snoot hi ng process, but the snoothing ;88338 I S, not

linited by thossubseguapk: Smopthing REQFeBReat ALFAP; efly §Pgeihe nert
gas such as He, her

Ne, N, , X 10 t I i,k t
wher e t hose gasB?Sﬁr@eﬂﬁéﬁdﬁkéreeaoﬁgrﬁgftFsg?§Pl§sgg?%% gr%%as &=

non-oxi di zing I as -t i QHHﬁl t he
vacuum i s desi rJa%IEhﬁgflg%?ﬁﬁgrignogr%g?o?vs %[ﬁ %%g{rg%g%os,f)eﬁm‘/é the
residual oxygen,gigeVelieh bAMehB! Borbls! B2delRall BEMRABNBOREAS inMRHE! i €S
oxi di ze the sur?ace to forma protective film Since the protective

fiminpedes theyjicinitySBe0theNguekabBeosuthaCporbas dugeroxyrpencxidenat er
need to be lowered. It is desirable that the at nosphere is set to
-92[err] C or befgown is removed by HF, and a portion of the exposed
‘surface layer which has not been made non—poroué
10 developes coagulation of pores during the heat
treatment including the H, baking process, and has no
oxide film on the side wall of the pores, and further
' becomes weakened in mechanical strength, to thereby
form a layer at which separation is easily made.
15 . After the anodization, when the porous layer is
- subjected to a high-temperature process such as
epitaxial growth, surface oxidation or bonding heat
treatment without being oxidized at a low temperature,
the porous layer is structurally changed such that the
20 fine pores at the time of anodization is agglomerated
and enlarged. Employing this phenomenon, separation
can be promoted in the vicinity of the interface
between of the epitaxial and porous layer due to the
enlargement of the pores directly under the epitaxial
25 layer and the strain between the porous Si and the
epitaxial Si.

In the present invention, subsequent to_the



20 - In case of such an atnosphere, the surface roughness is
snoot hed by m gration of the surface atons whi ch mnimzes the
surface energy. In particular, if hydrogen is contained in the

at nosphere, the formation of the prot3actd ve filmis restrained by
its reducing 25 action to pronote surface snmoothing. As a result of
studying the relation between the surface snoot hing effect and the
t hi ckness of the residual porous |ayer,

- 34 - t he pr.esent_ inventors have found that if the thickness

of the porous | §fParation,@f thenbondedswatfer, at the segond, panQpsy 5 pm or
| , th f ' t hed b heat .t t . AR

Fesul ting Trom aryer BISR Ja patobury.  sne tEoidBd FaRet N d b °
produced in porotsqg:.x) ?-%ﬁ{aﬁ.mhgh o'i’:a%hl&epsﬁﬁst‘é%%t R e Yranieddiiad aver

can be made non=porou € case where the residual - porous | ayer

s thick, the residusl- i 9%yae 1 Yelted to a Bithing pideler i of of

the layer. In the flattening™ 10 to the heat trea since the

surface smgothing A hedtS tRIEATHRHLE e rTad -k 19 2y StmcdPherld0S,
t he etching quantity is restrained to be extrenely Tow. In

particular, in bheaChsatVitcatment 43 dUusacaxgds prdper for Whieer in the
at nosphere are restrained to be low, the 15 et chi ng anmobunt can be set
al nost to O. smoothing fgocesshebutr dher seorbhing pewcesscdssaato | ong
sel ective etching process needs to be used, in addition to the

ef fect of the rddmditednbyr those: taeadments. In ther beads tregdmentardl y

occurs a problem such as the " :
hydrogen, inert gas such as He, Ne, N, Ar, Kr, Xe or

10 the like, or an atmosphere where those gases are mixed
is particularly desirable as the non-oxidizing
atmosphere. In the heat treatment in a vacuum, the

) vacuum is desirable 107 Torr or beiow. In ahy cases,
the residual oxfgen and water remaining in the

15 atmosphere as impurities oxidize the surface to form a
protective film. Since the protective fim impedes the
smoothing of the surface, residual oxygen and water
need to be lowered. It is desirable that the
atmosphere is sef fo -92°C or below.

20 In case of such an atmosphere, the surface
roughness is smdothed by migration of the surface atoms
which minimizes the surface energy. In particular, if
hydrogen is contained in the atmosphere, fhe_formation
of the protective film is restrained by its reducing

25 action to promote surface smoothing. As a result of
studying the relation between the surface smoothing

effect and the thickness of the residual porous layer,



20- deterioration of the uniformty of the |ayer thickness due to

excessi ve etching of the non-porous |ayer which occurs when the

sel ective ratio of etching is not sufficient. Therefore, the
uniformty of the epitaxial Si | ayer 34s -t he non-porous |ayer is not
deteriorated at 25 all. According to the present invention,
t he epitaxial Si filmfornmed on the single crystal porous |ayer as

- 35 - t he non-porous | ayer can be separated and transferred

to anot her subsfrate wthout conducti selectiyv \ t chin I n
particul ar, becgbgepﬁeﬁngcinVﬁﬂ Pgﬁtggge found %&Pﬁ &t F%ehgblgkﬁﬁﬁﬁbted
to the epitaxial,¢Si,.Li e ' 0 e _devi C e i nproved.
Even at Fhe Ef hB%eéngpgt%gygﬁiggikgkaﬁaéepgigghégﬁg%pﬁgﬁ?bh-nP
per f ormance LS| §afaraﬁlg BEY. yht ok° 18850 Hha! R race 1s SHEOEARA kY ENC
di anet er of mafgr 'S pro agateH In the uture, making 1t ditficult
to manufacture Rbgh- @¥ahithiéntlO0and eb¥iikdbs! FegudtiagP¥rom™®heod, and it is

presuned t hat keepi ng of the quality of wafer is difficult.

Ther ef ore, 5t he pasgdtialypbrekheafpbkapiraventbdr frdm being piodeasdd impre
and nore. It is needless to say that t he necessity of the epitaxial
filmis increasehei bayae which ha6l beeacsneoithedhy thiatcA st heheulllayeaf er i s
repl aced. Al so, because the electric conductive type and the

i npurity concencantbenmaflet honnpprpuseus Ihaybe casebwhere thesgesidual
arbitrarily by controlling the electric conductive type and the

i npurity concenPPEPUSnlaverhds: thicks; the residual pores are liable to

remain in the interior of the layer. In the fiéftening
10 due to the heat treatment, since the surface smoothing
is progressed by migration of the surface atmos, the
etching quantity is restrained to be extremely low. In
particular, in the case where the residual oxygen and
water in the atmosphere are restrained to be low, the
15 etching amount can be set almost to O.

As has been reported up to now, because no long
selective etching process needs to be used, in addition
to the effect of the feduction or deletion of the
process, there hardly occurs a problem such as the

20 deterioration of the uniformity of the layer thickness
due to excessive etching of the non-porous layer which
occurs whén the selective ratio of etching is not
sufficient. Therefore, the uniformity of the epitaxial
Si layer as the non-porous layer is not deteriorated at

25  all. | |

According to the present inventioh, the epitaxial

Si film formed on the single crystal porous layer as



20- epitxial growh, various SO substrates different in electric

conductive type or inpurity concentration can be manufactured from
the sane first substrate. Furthernore, if the epitaxial film
having a mul ti - | ayer structure diff&%m in the el ectric conductive
25 type and inpurity concentration is formed, in particul ar, an
SO substrate having a high- concentration burried | ayer can be
manuf actured as a - 36 -

mul ti-1ayer- SO tﬁgbﬁtohabgzjoﬁx%ma.g enaf)gla B%l sepa aﬁ:eg and T:Q' Oseéq- W de and

vari ous operations are as di'sc

Japanese Pat ent o anothé&pghs@teﬂ%etamn@a%n cuaduéﬁkgl%%lbatmch the 5

out ernost surface layer of bulk wafer is peel ed of I on

i npl antati on andtthehgl.r ansf paredcudad)obeeause a deTéb‘tt iaherent to

Al so, in the case where both of the porous region - and a underlying
| ayer portion obuflke Siodspabtupriopagatedil to whiec epitaxiadostiaclw,t thiehe
porous region are fornmed of epitaxially grown |ayers, the first
substrate 8an bgield of thesdevice cpor bendmpirpvedt. hoBvencadctthen in the

t hi ckness of the substrate even if it is used many times. Hence, in
addition to t hepEsBeRtenithe Gpi¢ﬁ61315wanEaﬂStyse@héoabbéghstructure has
great advantages from vi ewpoi nts_of the resource_saving and the

costs, pRETEOTMAPCE PﬁltﬁHCPaPﬁeadpgyéteFtwéﬁeFaid that an” | g0,

in the conpound, seni condyct stal, it was difficult and
expenS|venPo Ob%gpﬁegse in %R dggmeter of waf r 1s propagated in the

-future, making it difficult to manufacture highlquality
10 crystal through a pull method, and it is presumed that
keeping of the quality of wafer is difficult.
Therefore, the necessity of the epitaxial wafer is
increased more and more. It is needless to say that
the necessity of the epitaxial film is increased in the
15- - SOI base member by which the bulk wafer is replaced.
Also, bedause the electric conductive type and the
impurity concentration of the non-porous layer can be
set arbitrarily by controlling the electric conductive
type and the impurity concentration at the time of
20 epitxial growth, various SOI substrates different in
electric conductive type or impurity concentration can
be manufactured from the same first substrate.
Furthermore, if the epitaxial film having a multi-
layer structure different in the electric conductive
25 type and impurity concentration is formed, in
particular, an SOI substrate having a high-

concentration burried layer can be manufactured as a



20- wafer large in dianmeter and excellent in crystallinity.

According to the present nethod, using hetero-epitaxial growm h on the

porous Si region, a conpound sem conductor single crystal film
~excellent in crystallinity can be f or #8d -on a | ar ge- area substrate.

25 On. the other hand, in the present invention, the surface

| ayer of the substrate nmade porous can be transforned into a

non- porous single crystal |ayer by a

- 37 - muB€3L1hoea! BBA! sa&,s@rs%gp%&ahurtg, 0f,4B3ngRl.t i ng point or

below. In this case non- porous Sirn cr 8 I"ayer excel | ent

in crystallinity canpgg EBB@EdwﬁﬁetQﬁguvariou§uBB@%QtQBnEhQr%UbStrate made

por ous wi t hout usi ng a sem conduct or source gas such as sil ane

Al so, after disehBB18dr bgca abthBa BENAR8EIBEeY A4l gaparekel Patesit as
formed is oxidized and then bonded to anot her substrate, the

non- por ous” si nghpptligatiabnl aed-0pen No. 5bardedst ananhtibhr thebstrate whose
surface is oxidized, 10 or the surfaces of both the substrates are
oxi di zed aid outermbostiedurfacechayelrerf bhdkewedest Ast peedrd odfabyted at
the high porosity layer, and then the residual portion l ow in
porosity is sroéPhediimpAansation and: khen szAnsferred tof gneshex singl e
crystal |ayer having an excellent 15 single crystal structure on the
oxi de | ayer, unfBB F%F?te- flat over the large area and renarkably
reduced in

manuf act uri ng t he Aiso'séﬁ1EBﬁdﬁé?ﬁngﬁﬁ§tS8Fe 8@c5ﬁ3l QrPHstﬁggﬁP@Sent

and a underlying layer portion of the non-porous layer
10 which is in contact with the porous region are formed
of epitaxially grown layers, the first substrate can be
reused semi-permanenfly without reduction in the
thickness of the substrate even if it is used many
times. Hence, in addition to the enhancement of the
15 quality, the above structure has great advantages from
the viewpdints of the resource saving and the costs,
particularly in the large-diameter wafer.
Also, in the compound semiconductor single
crystal, it was difficult and expensive to obtain a
20 wafer large in diameter and excellent in crystallinity.
According to the present method, using hetero-epitaxial
growth on the porous Si region, a compound
semiconductor single crystal film excellent in
crystallinity can be formed on a large-area substrate.
25 ' On the other hand, in the present invention, the
surface layer of the substrate made pdrous can be

transformed into a non-porous single crystal layer by a



20- I nvention, after the residual porous layer is renoved, or
remains as it is if the renoval is unnecessary, it IS subjected to
surface flattenning processing if the surface flatness is

i nsufficient, whereby the first Si -s8Bsfrate separated by the above
nmet.hod can be reused 25 as a first base nenber, as a subsequent second
base menber or as a base nenber used for another purpose. The
surface flattening processing my be conducted by a

- 38 - heQQlf§Qé€ﬂeﬂi QECQ'QQmBBEQ@qreebg tthﬁQlEEn? BBiAR! or

sem conduct or process, or be conducted by a eat nent under

a non- OXIdIZIngbélﬁﬁsphzﬁethkﬁdbagén the non-FBQbhsgéin@lea&r§bﬁﬁiphere
where those gases are m xed 5 I's particularly desirable as the

non- oxi di zi ng layer ekteibbateinAttrgssallynliyy chnnbg Bormelieah theat nent
I n vacuum The heat treatnent can locally flatten it : to the degree
that the at om ssepfappeafsthecshbgtibite made peokeouti wdthbatcusdngi ans. 10
Al so, in the case where the first substrate after -t he non- porous

| ayer is t9%ansfeembdonduglarnseupeat gdbysuch as gidgngs aAlspst alfher
menber, the first base nenber can . be reused many tines until it

cannot be forcelin§ gdE§ace of the nonppeygus Fﬁ@giﬁr§FY§EB§tF§¥8rl§Sheld to
O W) %“’%%18% S, PSB! AP 221
surfates, a0 bss AEQUE oA SponcporolAElgld HIGSLAITIRLRES YL "
bonded to another substrate whose surface is oxxdlzed,
10 or the surfaces of both the substrates are oxidized and
bonded to each other, those substrates are separated at
the high porosity layer, and then the residual portion
low in porosity is smoothed. As a result, there can be
formed a single crystal layer having an excelleﬁt
15 single crystal structure on the oxide layer, uniformly
flat over the large area and remarkably reduced in
defects.
Further, in the method of manufacturing the
semiconductor substrate according to the present
20 invention, after the residual porous layer is removed,
or remains as it is if the removal is unnecessary, it
is subjected to surface flattenning processing if the
surface flatness is insufficient, whereby the first Si
substrate separated by the above method can be reused
25 as a first base member, as a subsequent second base
member or as a base member used for anbther purpose.

The surface flattening processing may be conducted by a



20- substrate fromone first substrate at the sane tine. Thus, the

process can be shortened to i nprove the produci bility. The separated
first substrate can be reused. The substrate thus
obtai ned can be substituted for 25 expeld8i ve SOS or SI MOX when t he
- large-scal ed i ntegrated ciruit of the SO structure is manufactured.
. As the second substrate, there are, for exanple,
- 39 - an Si base member and an Si oxide filmfornmed on the S

rerer such as BOAPELnPLSRo itpy ASERRRS' KEpyc uged g g™
sapohire. o 2 GBkdboAibor”proBBURCT pr, HAYSpel bofcRdls By bl ek

part|C|aIIy an e i ment of the

present 'nve”t'QEeWEhEnQeuQQEErhbﬁgn-oxldlzin atﬁ%s%hﬁwg | NnHGaGogety, there
is prepared a first Si single crystal Dase nenber 11, and & porous

region 10 cengirst gag o ah hembbphurel akers Ravsey g&sfebr aireD Miged

| ayer 12 of |ow porosity and a second porous |ayer 13 of high
porosity 0B theigaparsticudaeliyr destirablier Bscehe non-oxiddzihlye | ayer 13
consists of at |east one |ayer. The porous Si can be fornmed by
conducti ng anodatmbepher&5 Adrerhativebyseitembgr benat heal-tsreadmemt. The
t hi ckness of the |ow porosity thin layer is described . above. On the
ot her hand, theilhi yacpumesi Thel heat sreatment cpa decgddypdlatdenayfdr is

hi gher in por05|ty t han the | ow porosity thin layer. |n the case
where a third to the degree that the atom step appears locally by

‘selecting the conditions.
10 Also, in the case where the first substrate after
the non-porous layer is transferred is again repeatedly
used as a first base member, the first base member 'can
be reused many times untillit cannot be forcedly used.
Because the first substrate is held to the
15 original without being made porous other than the
surface layer, both the surfaces of the first substrate
are regarded as main surfaces, and base members are
bonded to the respective surfaces, thereby being
capable of manufacturing a two~sheet bonded SOI
20 substrate from one first substrate at the same time.
Thus, the process can be shortened to improve the
producibility. The separated first substrate can be
reuéed.
The substrate thus obtained can be substituted for
25 expensive SOS or SIMOX when the large-scaled integrated
ciruit of the SOI structure is manufadtured.

As the second substrate, there are, for example,



20- porous |layer is further forned | ower than the high porosity

| ayer, the second porous layer is desirably hi gher in porosity than
the third porous layer. In other words, it is desirable that the
porosity of the second porous | ayer B¢ the | argest in the porous 25
region. Also, the thickness of the second porous |ayer I s described
above. As shown in Fig. 2B, at |east one non-porous |ayer

- 40 - 14 is formed on the porous regions 12 and 13. The non-

porous |ayer 14,jSghop0Ed ﬁFmBEE QB SngECEkgﬁg film fo ?@E rgﬁ

I ncl udi ng partlcularl single cr

Si, anmetal filgysd ﬁemaeynd 0r51t magrrbeoadusgarc tcb.hﬁsfn&gamvé
super - conducti ve th|n fil So on evice structure such as

MOSFET may be insulaiﬂhgesaea inBAbALNsAGhOHE hauetz,| Fuskd guaktkhe nulti -
| ayer structure, it may be an SO having a burried - layer. Further,
It i1s better tosibiocaaglassyl glasg otOsapphilre, 1brsacimezalSbegerr] on the
out ernost | ayer because the interfacial |level of the bonded surface
can be isobat edmember. fTbusani&cmayenpgybe. limited partigdadBywn in Fig.
2C, the surface of a second base menber 16 and the surface of the
first substrate are RﬁgerrﬁEGetPOFéaﬁergAt§°e8€h enhembgdigepsopf the

t enper at ur e. C shows_a state where the second base nenber
and the first sBB%F?BFeiQVGnESHBeHi%B bgcHAegerdped. t hrough t he

I nsul ating |ayer 15. he case_wherg non- porqQus layer 14 is
not Si or the secondAﬁa§é WBnﬁErF¥G° SA, %here is prepgreg a flxst %1

single crystal base member 11, and a porous regibn

nDrphous

10 consisting of at least two layers having a first porous

layer 12 of low porosity and a second porous layer 13

of high porosity on the main surface from the surface

side. The layér 13 consists of at least one layer.

The porous Si can be formed by conducting anodization

15 on the Si base member in the HF solution. The
thickness of the low porosity thin layer is described
above. On the other hand, the high porosity layer of
the second pérous layer is higher in porosity than the
low porosity thin layer. In the case where a third

20 porous layer is further formed lower than the high
porosity layer, the second porous layer is desirably
higher in porosity than the third porous layer. In
other words, it is desirable that the porosity of the
second porous layer is the largest in the porous

25 region. Also, the thickness of the second porous layer
is described above. |

As shown in Fig. 2B, at least one non-porous layer



20- Is not Si, no insulating |layer 15 rmay be provided. . In
bondi ng the substrates, an insulating thin pl ate may be interposed

t her ebet ween so t hat they may be bonded in a three-sheet superinposed
manner . As shown in Fig. 2D, th#Osabstrates are separated 25
at the outernost thin filmin the second porous | ayer 13 on the
first porous layer 12 side. The separating nmet hod may be a net hod of
~applying an external pressure - 41 -

due to pressureq gl §@Sidenad G t%'ée f%gio%"s 42 and 13%edghe Aot hod

of applying a supersonic wave, ho of applying a heat, a nethod

of applylng an PB&%&S layer HZES%UE%rh@dtB% %ﬁbe%bBbeQﬁeb@QiB@BQUS region.
by inflating the porous Si fromthe periphery by oxi dation, a

met hod of heati pgtefrialpyl sedludangapagiticularlyl eiaplley cyetall siress, a
met hod of softening or the - l'ike. But, it is not {imted by or to

t hose net hods. polycrystal Sdl)sagquaephlous Sue gnmetthailndg ifjmo c as sompound 10
conducted on the surface of the second substrate which acconpani es
t he non- pobous §emicopductoncithdnaddiltn nsuper-conducitdyedfhinpdidimon of
the first porous |ayer 14. The snoot hi ng process is descri bed above.
As a result of PReS&b6Re, PheeyippcstIyctyre sych as MOBFETeMaNoRE in Fig.

2E i s obtained. . The .non-porous - 14, _for exanpl e, n .
crystal s Ui nEPFRRA € the n°Ha§’8rPHFn%V&FI ry AaLniRoPE: Fhen MAELsecond

fornmed.iin a

wafer. If the SESSRE SIBCPFAFE.add FAY Prr 8P ShR.Prites s Blirita

layer. Further, it is better to form an insuléting
10 film 15 such as SiO, on the ocutermost layer because the
interfacial level of the bonded surface can be isolated
from an active layer.

As shown in Fig. 2C, the surface of a second base
member 16 and the surface of the first substrate are
15 made to adhere to each other at a room temperature.

Fig. 2C shows a state where the second base member
and the first substrate are bonded to each other
through the insulating layer 15. In the case where the
non-porous layer 14 is not Si or the second base member

20 is not Si, no insulating layer 15 may be provided.

In bonding the substrates, an insulating thin
plate may be interposed therebetween so that they may
be bonded in a three-sheet superimposed manner.

As shown in Fig. 2D, the substrates are separated

25 at the outefmost thin film in the seéond porous layer
13 on the first porous layer 12 side.. The separating

method may be a method of applying an external pressure



20- are bonded to each other through the insulating | ayer 15,

there is fornmed a seni conductor substrate suitable for the

manuf acture of the el ectronic device i nsul ati on-i sol at ed.

The first Si single crystal base nenber 1% #% =25 reused as a first base
. menber 11 or as a second base menber 16 after the residual portion of

the second porous | ayer is renoved if it is unnecessary and the

- 42 - surface is snobothed in the case where the surface is

rough to the degree,that the sur%ace ;ﬁbgthness | S acceptable as

shown in Fig. 2 eaﬁa Pﬁ%sBPB%es e?ﬁ% orce sheﬁggég EXFFS 2F fs again
repeated to many 15.hod 89Oégéigzﬁﬁﬁ‘osOQQﬁQLQBnEHb@a{th ei‘  method

The sen1conductor hu aCt uring

2A to 2F is Conéf'%ﬁﬁlfﬂnaoahheat a mdtheaessohpphgihiyr ah Rasermenber
usi ng two second base menbers so that two sem conductor substrates

can be 10 MepHéSsaHE €fo athéheéntaPtot | 68 thd hersBEhedgienshgwn in
Figs. 3A to 3F. .-The first base nenber 11 can be reused as a

first 5 basefbating theopossusnsiofrémotEecpedipneeynbybers 16

after the residual porous layers 13 on both the 15 surfaces are renoved
if they are unnesitdatignand méthod of heatimgeinsaspudstedike mbwvnezse
where the surface is rough to the degree-that the surface snoothness
i s not ake cpPRbY ca heat stress, TaemethodagE ﬁ@ﬁﬁ@ﬂén96°ﬁayhﬁot be

i dentical in )
like. But, it is not limited by or to those methods.

Subsequently, the smoothing processing is
10 conducted on the surface of the second substrate which
accompanies the non-porous quality producing action on
the residual portion of the first porous layer 14. The
smoothing process is described above.
As a result of the above, the semiconductor
15 substrate shown in Fig. 2E is obtained. The non-porous
layer 14, for example, single crystal Si thin film is
made thin flatly and uniformly on the second base
member 16 and formed in a lsrge area over the entire
wafer. If the second substrate and the first substrate
20 are bonded to each other through the insulating layer
15, there is formed a semiconductor substrate suitable
for the manufacture of the electronic device
insulation-isolated._
The first Si single crystal base member 11 is
25 reused as a first base member 11 or as a second base
member 16 after the residual portion of the second

porous layer is removed if it is unnecessary and the



20- size and materi al . The two non-porous |ayers 14 may not
be identical In size and material . No i nsul ating
material 15 rmay be provi ded. Because t he. conventional bondi ng
substrate 25 manufacturing nethod i s nmadé2using a nethod of
sequentially renoving the first Si base nenber from one surface

t hereof by polishing or etching, it is

- 43 - inpossible that both the surfaces of the first Si base

rember i ef fecLiyghuolll Lagdeiad UANIRL LAAIGHISE the suddil TSI

However , accordlng Secaus

substrate is gHBB! %h%eﬁeggebt thatOtheP sulr¥ad t%m%‘értftﬁu“e%é GEehotPot h

t he surfaces of tHe first trate can be use mai n surfaces,

and a base Werrbs&cég%&abseba&dgﬁohﬁ eacCkig. 2F, &ha Q:Wefiﬁ%ce‘is% igh@kynl WO
bonded substrates can manuf act ured fromthe single first Si base

menber at 10 1th1gBUEZAImb.2FAisaageinl&epbh&eﬂrQﬁemanm&ﬁcbarbeduced

and the productivity can be inproved. It is needless to say that the
separ at ed §i r st aBothasesemtbondaatolre substratesused. For
exanple, in case of a silicon base nenber, the 15 surface | ayer of the
silicon base nenber Tbenaauipondugtor manufag¢turingl erecesisnsbownndm- por ous
silicon single ystal |ayer by a heat treatnent u5|n a tenperature
of the melting Pb9ft 65 F@séDaPFe?Atﬁe gF ggseopgdysded on bo nmade

orous: As a resul a silicon S|n l e crystal
P sur%aces of the gt basé member using two second base

members so that two semiconductor substrates can be
10 manufactured at the séme time. This method is shown in
Figs. 3A to 3F.
The first base member 11 can be reused as a first
base member 11 or as one of two second base members 16
after the residual porous layers 13 on both the
15 surfaces are removed if they are unnecessary and the
surface is smoothed in the case where the surface is
-;ough to the degree that the surface smoothness is not
acceptable.
The two base members 16 may not be identical in
20 size and material.
The two non-porous layers 14 may not be identical
in size and material.
No insulating material 15 may be provided.
Because the conventional bonding substrate
25 manufacturing method is made using a method of
sequentially removing the first Si basé member from one

surface thereof by polishing or etching, it is



20- | ayer excellent in crystallinity can be fornmed on the surface

of the silicon base nenber nmade porous w thout using a
silicon-containing source gas such as sil ane. Figs. 4A to 4C
schematically show t he appearance of 48he porous region in a step of
formng the first 25 porous | ayer and the second porous |ayer, a step of’
form ng the non-porous | ayer and a separating step according to the
present i nventi on. - 44 -

Fig. 4A schemati,cal | ows .an arance mhere Qr.osi t Iayer
12a low in por oS PP % qﬁh ggng the Surfﬁfegnﬁ t?@bgﬁﬁﬁgj ?qéﬁy

hi gh in porosit hoI | araer .di o than the
por es 5 P1*§%% orne %ﬁ' rﬁbéei%F t gdbggﬁd%ghgg %¥%

Fig. 4B schemat b%alel YoeRiBRYS a?,oq,ggeeqr aneRo \Mgg_;ﬁ %o the abd¥elion of the | ow

porosity |ayer on e surface s ma e non por ous by
conducting a heéhbbﬁ%ﬁhﬁ&ﬂtbecause thel FiPst BANSRBLAateaYer 14 as a

process of formng 10 the non-porous |ayer. In other words, a |aninated:
body 5 Congiashitagnel ke iteqendxpepruorayes sdrfake layek, both
porous | ayer 12 and the non-porous |ayer 14 are forned on the

surface of the kheesmrfaerslbf the first SiFisgbstfatehemnt beallsgdsews an
appear ance where 15 t he substrates have been separated, that is, an
appear ance wher @ain surdecaese @od @obase meabexcoan be bondedr dgws elaapher on
the interface if side between the first porous | ayer 12 and the
second porous | &her suzfpce, so thﬁ&rﬁﬂ@lb?néégtﬁ@?é@réﬁésséﬁaréﬁed

manufactured from the single first Si base member at
10 the same time. As a result, the process can be reduced
and the productivity can be improved. It is needless
to say that the separated first Si base member can be
, Treused.
For example, in case of a silicon base member, the
15 surface layer of the silicon base member is made porous
and transformed into a non-porous silicon single
crystal layer by a heat treatment using a temperature
of the melting point or less after the Si base member
is made porous. As a result, a silicon single crystal
20 layer excellent in crystallinity can be formed on the
surface of the silicon base member made porous without
using a silicon-containing source gas such as siiane.
Figs. 4A to 4C schematically show the appearance
of the porous region in a step of forming the first
25 porous layer and the second porous layer, a step of
forming the non-porous layer and a seéarating step

adcording to the present invention.



20- Figs. 4A to 4C schematically show the respective

appearances for facilitation of understanding the present invention.
However, the formof the pores in t he porous |ayer and the
configuration of the separated surf-add are usually nore conplicated.
25 Al so, the thickness of the non-porous | ayer 14 may be

I ncreased by conducting epitaxial growth, etc. after the non-porous
qual ity producing process - 45 -
(Fig. 4B). surface | a er of a first single
crysial S SuBLEr add REhemHCAL}Y; BhGYS BT AnHadRAIcS ghere & T

o) RN B ReB G dBE e e gtay ppeci ree?ﬁzr%e B by

P d of tine: Si
Further . Pk PRk second PrGtASaRyEn BY MGl bilieriang,
sol ution: HF: H[HEQLQ'CB%EEEHEQrﬁh@H a ia%g%r dlameﬂ%¥“ﬁﬂédﬁtﬂé'ﬁﬁre%p (sec)

Thi ckness of porous : [err]m first anodization
period t wgs chmga&et QoQ‘med on the %ux&a@e bfotdliéjbhdé Mehberespect i vel y
such that a t hi ckness of a first porous |ayer having a | ow porosity

becones 0, 0.2, 0.5, Figl 4Bdsthematically shows ahhappgiardneenddirzatd on
where the current density
portion of the low porosity layer 12a on the surface
side is made non-porous by conducting a heat treatment
to form a non-porous layer 14 as a process of ferming

10 the non-porous layer. In other words, a laminated body
consisting of the second porous layer 13, the first
porous layer 12 and the non-porous layer i4 are formed

. on the surface of the base member 11l.
Fig. 4C schematically shows an appearance where

15 the substrates have been separated, that is, an
appearance where an interface portion of the second
porous layer on the interface if side between the first
porous layer 12 and the second porous layer 13 is
partially destroyed and separated.

20 Figs. 4A to 4C schematically show the respective
appearances for facilitation of understanding the
present invention. However,'the form of the pores in
the porous layer and the configuration of the separated
surface are usually more complicated.

25 Also, the thickness of the non-porous layer 14 may
be increased by conducting epitaxial Qrowth, etec.,

after the non-porous quality producing process



20- was set to 50 mAferr]cnferr], the porosity of a second porous

Si | ayer becones large, to thereby forma thin film havi ng a high
porosity which is structurally fragile. After being inserted
into an epitaxy apparatus, t he waf er 4®as di sposed in hydrogen

at nosphere and baked 25 at 1,060[err]C. \Wien the sanple was taken out
in this state and observed through a scanning el ectron

m croscope, it was recogni zed that the surface pores of

- 46 - FﬁHg REBOUS Si were sealed. As a result, the outernost
surface | ayer o# é thi'n filmhaving a | ow porosity was consuned
for burying theckghgpiangd)came to a non- porous state. In
particular, the | ow porosity |ayer 5 was formed in a predeterm ned

thickness of 1.0 pm grsurface L18§er afdat Beireaf Ee@hgllBeceyktateshiayer was
made non- porous, and the remaining |ow porosity- | ayer becanme 0.5

pmor |less in tsubkgease Gaguanvdked, iai agl HFcspiutlion. Si was al |l owed
to epitaxially growin a thickness of 10 0.3 [err]mon the porous S

t hrough a &VD (Cheni The ¥apdization cDegétivnenpreesitetiedThelgwowt h
conditions are stated bel ow. Sour ce gas:

SiH err] d [err] PWFEeRt densityea? (mBwchztle: 0.2/180 1/nin 15 Gas
pressure: 760 Torr Teg&erature: 1060[ e Gowth rate: 0.15

[err]m min Anodizatigp; { Hﬁf’-@f"aﬁFSﬁﬁi[eﬁ:zrﬂ]rséga§7e}’%fl200 nm t hi ckness
was fornggrggdtgg %E&L?C% ?%i%ge epitaxial Si layer through
Thickness of porous Si: x (pm)
10 Further,

Current density: 50 (mA.cm™)

Anodization solution: HF:H,0:C,HOH = 1:1:1

Period of time: 10 (sec)

Thickness of porous Si: 0.2 (um)

15 The first anodizatioh period t was chaﬁged to 0,
0.2, 0.5, 1.0 and 1.5 min, respectively such that a
thickness of a first porous layer'having a low porosity
becomes 0, 0.2, 0.5, 1.0 and 1.5 um.

Through the anodization where the current density

20 was set to 50 mA.cm™?, the porosity of a second porous
Si layer becomes large, to thereby form a thin film
having a high porosity which is structurélly fragile.

After being inserted into an epitaxy apparatus,
the wafer was disposed in hydrogen atmosphere and baked

25  at 1,060°C. When the sample was taken out in this
state and observed through a scanning.electron

microscope, it was recognized that the surface pores of



20- thermal oxidation. After the surface of the Sierr].

| ayer was superi nposed on a surface of another Si substrate

" (second substrate) and brought into contact with the | atter, the
substrate was annealed at 1180[err]C for 5 485~ nminutes, with the result
t hat the bondi ng becane firm As a result of separating the
bonded wafers, they were divided in the vicinity of an interface in
t he - 47 - hi gh porosity

e ot W BR8P ABi np asgr Y ORT

Any et hods may par at i ubsequént e supbstrate

was |l ocated in a o] A hyedr- R dyg% | ected
to S a heafuffggfhé%&%g?cfgogie#%?&'%gfﬂggﬁgﬁ%gP%pAgkﬁ result,

‘the thin |ayer Ry Bondurdd BIODUrying RN hd1e2 & came toSCRFh-
substrate was conpletely nade non-poOrous. As a result of observing

the section of pbecul Btarear In partildudagh) aheclleft PPTOFiVYOIBRE: any
remai ni ng voids 10 could not be confirnmed. As a result of observing a

surface rosghnewast formgd dm a Eredefterad nedc thickness of 1.0 funcad d be
recogni zed that the root nean square roughness in a region of 50
[err] m square waesshboand) thereafter ¢he strface Jayed Was madshaon-he

t hi ckness of the 15 porosity layer was 0, 0.2, 0.5, 1.0 and 1.5 pm and
a sur f acPoreughnasd dhe: Femaindng, Jow PRFCSEty 1ewer becamenbd ty

which is 1.0 [err]mor |less in_thickness was equi val ent to that of
the Si wafer noFWaPFylﬁﬁstﬁg thickness. Sequentially, single crystal

Si was allowed to epitaxially grow in a thicknééé of
10 0.3 pym on the porous Si through a CVD (Chemical Vapor
Deposition) method. The growth conditions are stated
below. -
., Source gas: SiH,Cl,/H,
Gas flow rate: 0.2/180 1l/min
15 Gas pressure: 760 Torr
Temperature: 1060°C
Growth rate: 0.15 um/min
Furthermore, an Si0O, layer of 200 nm thickness was
formed on the surface of the epitaxial Si layer through
20 thermal oxidation. |
After the surface of the SiO, layer was
superimposed on a surface of another Si substrate
(second substrate) and brought into contact with the
latter, the substrate was annealed at 1180°C for 5
25 minutes, with the result that the bonding became firm.
As a result of separating the bohded wafers, they

were divided in the vicinity of an interface in the



mar ket . Li kewi se, as a result of neasuring the crystal 20 def ect

density, the | am nation defect density was about 1 x 10[err], 6X
x10[err], 5 x 10[err], 5 x 10[err], and 5 x 10[err]/cnferr] when a
t hi ckness of the |ow porosity |layer was O 4727 0.5, 1.0 and 1.5 pm
and crystal defect density was remar kably reduced by introduction of

-~ the thin layer 25 with a | ow porosity. In the above way,
the single crystal Si layer with a |l ow defect density could be

formed on the

i . oxid , . - 48 -
Eol e han 1§ he BHER I RGERsHFY  haver Bptvesy thp hish porosify jager!Epd.
d 1 i t LNt i 1t
o the thi cknes gt g1 BY 1858x ) Any merhidsPlap' Be Ga BLLN M 1Y
170734 nm 5 se%éﬁé’f—‘&ﬁl V%\Fbseébgﬁﬁl%hetﬁéngh_ﬁsf{ﬁ’ééa%a@ 1b8%8baak a0
0 ere the

I ncl udes a porti ow porosity layer s nade non- por ous,

the thickness tdes@phal SpLesdd@F&hydrogen atmosphéfe’ 8HEN88BJeERERI BHNY ON
the first Si substrate si de was subjected to surface treatnment such

as 10 fydr ageegtinetéatifet atrinoe°poroshingoasst heasuaf pesult,
snoot hi ng process, the substrate could be used again as - a first
substrate or asthe serimdlayésthavingla lbwsporositysremainbdng ohethéhe
porous Si remains in a relatively | arge anount, selective etching
may be conduct eseceRdsubstrate wescgonpletely madei RennporPUE9Y, AS a

hydr of | uori c acid and 30% hydr ogen Eeroxide sol ution_while stirring,
and t herE2F4EF ehoRepEying cthayseetion; @EtE’aetBhéﬁr%ﬁifﬁj.r

treat nent such as hydrogen anneal i ng,or surface -
éhro&éh efgctron icroscope, any remaining voids

10 could not be confirmed. As a result of observing a
surface roughness through an atomic force microscope,
it could be recognized that the root mean square

Y roughness in a region of 50 pm square was about 0.5,
0.2, 0.2, 0.4 and 1.5 nm when the thickness of the

15 . porosity layer was 0, 0.2, 0.5, 1.0 and 1.5 pm, and a
surface roughness of the thin layer having a low
porosity which is 1.0 uym or less in thickness was
equivalent to that of the Si wafer normally on the
market. Likewise, as a result of measuring the crystal

20 defect density, the lamination defect density was about
1 x 10°, 6.x 10°, 5 x 10°, 5§ x 10°, and § x 10°/cm’® when
a thickness of the low porosity layer was O, 0.2, 0.5,
1.0 and 1.5 pm, and crystal defect density was
remarkably reduced by introduction of the thin layer

25 with a low porosity.

In the above way, the single crystal Si layer with

a low defect density could be formed on the Si oxide



pol-i shing, so that the substrate nmay be again used as a 20 first

substrate or as a second substrate. (Exanpl e 2) A
surface layer of a first single crystal Si wafer was anodi zed in an
HF "sol uti on. The anodi zati on coggi tions are stated below. 25
Current density: 7 (mA[err]cnferr]) Anodi zation sol ution
FFHMH]OQeHH{mHO4 1:1:1 Period of tine: 0.1 (mn)

- 49 Thi ckness of first porous Si layer: 0.1 (pm

Further, - Current density: 50 (mA.cnferr]) Anodi zati on

sol ution: HF: H §idimeo CWben] ther thdeknessiof the sinpdej gaystaldi Sd: 5 (sec)
Thi ckness of second porous Si Tayer: 0.1 (pm Still further, a
third | ayer nmaylp¥ewanst ormeddwas measuxﬁg @8&&|Fh@h§n§#€e ﬁ&Fféﬂﬁnﬁﬂe
stated bel ow Current densit &nA& rFLG Anodlzatlon
sol uti on: HF:H[éPP]EP€P§FP]ﬁP@rPPéﬁ%rmit pEKrEFSoas; gl (nin)

ggggrggf?oﬁf Eﬂé&gorgégps B Pﬁé§&4 nmgpg%P%J§4SPmlSVSrlgégﬁggs%Rﬁe | ar gest
o B Hopeckifety. LR ErBLiSELoCERoLRSS Srekoetly |
fragile was forjRd14AEE" a' BBritioR WAKEE BR¥ 18wlpbeWsity layBP' 98 hde
non-porous, the thickness thereof is different.
The roughness remaining on the first Si sqbstrate
side was subjected to surface treatment such ast
10 hydrogen annealing or surface polishing as the surface
smoothing procesé, the substrate could be used again as
a first substrate or as a second substrate. In this
*  situation, when the porous Si remains in a relatively
large amount, selective etching may be conducted using
15 a mixed solution consisting of 49% hydrofluoric acid
and 30% hydrogen peroxide solution while stirring, and
thereafter the substrate may be subjected to surface
treatment such as hydrogen annealing or surface
polishing, sd that the éubstrate may be again used as a
20 first substrate or as a second substrate.
(Example 2)
A surface layer of a first single crystal Si wafer
was anodized in an HF solution.
The anodization conditions are stated below.
25 Current .density: 7 (mA.-cm™?)
Anodization solution: HF:H,0:C,H,OH = 1:1:1

Period of time: 0.1 (min)



The wafer was oxidized at 400[err]C for one hour in an 20 oxygen

at nosphere. Through this oxidation, the inner wal | of each the hole
in the porous Si was covered with a thermal oxide film The wafer
was imersed in the HF aqueous sol Ut #8n~of 1% for about 30 seconds,
to t hereby renove the very-thin thermal oxide filnms forned on the

25 surface of the porous Si and the inner walls of the hol es in
the vicinity of the surface. After being - inserted into a super-high

vacuum devi ce, S - 50 -
baked at 1000[errf%:under&€ fiﬁ%fe?ofo %r?iforygrninutes %he sanpl e

was taken out igytfgepbove state and observed t hrough a scanni ng
el ectron mcroscope. It has been recogni zed that the surface hol es

of the porous Furesst dénsitgeas@d(mAaAsm@)result, the outernost surface
" layer of the thin layer having a | ow porosity was consuned for
buryi ng the hol&sodizgiathor solathon: pBFoBO T HL@H = 1:1:1Sequentially, the
substrate was |ocated in an epitaxial growt h device, and the single
crystal Si5was Rerbofddofotim®: 5 epecdxially growin a thickness of 1 pmon
t he porous Si through a CVD nethod. The growth conditions are
stat ed bel ow. ThiCRHQE%r@g §%§°n@ﬂP?E@VfGF}el?¥¢HEe9r} (um)  Gas flow
rate: 0.4/180 1/ mn ressure; 80_Torr Tenper at ur e:
900[err] C dﬁf }af%rt 15 pekhi ﬁ?n%ﬁyer may be mapyfpgEpgrgfe, an

Siqerr] layer gf %ggngf%ighngPQ? ¥82 example, stated below.

Current density: 7 (mA.cm™?)
10 Anodization solution: HF:HZO-:CZHSOH = 1:1:1
Period of time: 1 (min)
Thickness of third porous Si layer: 1 (pm)
Through the anodization, the porosity of the
porous Si layer becomes the largest in the porous
15 region where the current density was set to 50 (mA-cm),
whereby a high porosity layer which is structurally
fragile was formed under the thin layer having a low
porosity.
The wafer was oxidized at 400°C for one hour in an
20 oxygen atmosphere. Through this oxidation, the inner
wall of each the hole in the porous Si was covered with
a thermal oxide.film. The wafer wés immersed in the HF
aqueous solution of 1% for about 30 seconds, to thereby
remove the very-thin thermal oxide films formed on the
25 surface of the porous Si and the inner-walls of the
holes in the vicinity of the surface. After being

‘inserted into a super-high vacuum device, the wafer was



formed on the surface of the epitaxial Si |ayer through 20 t her mal

oxi dat i on. After the surface of the SiJerr] |ayer was
superinposed on a surface of another Si substrate (second substrate)
and brought in contact with the | att 80, -t he substrate was anneal ed
at 1100[err]C for 10 25 mnutes, with the result that the bonding
becane firm As a result of separating the bonded wafers, in

. the case where anodi zation current density of a third

Sty o an PREBICRES0DSE hRaB", STHY borbNSLves Rulaled i e
second por ous | gfb1bnyblcclidh B8EOgh' tb2UBhve state®hnliiBnggsend el

~I'n other words, W orosit e sec ayer was set to the
| argest porosit¥nhiBugh a scEBﬁiPBrQﬂéchﬁﬁﬁrmiéfaﬁéabéu S¢Rahak! BBeHAS

‘readily made. ~Subsequent |y, the second substrate was | ocated

in a hydrogen araBéghezedueHat BhBl 86&¥a8e0ho2B8sTOEr the porousngisuBiract ed

. to a heat treatnent at 1100[err]C for 2 10 hours. As a result, the

- thin |l ayershavi sgadeiow As a repalesi ther oGtepnogtosurfacaulagee ofF t he

- epitaxial Si | ayer transferred onto the second substrate was
conpl et el y nmadethenthbidnoliayeRAshavinguat low pbrzesitpgwas consumedséori on of
the thin layer through an electron 15 m croscope, no residual cavities,

etc., could be buryingrtheghpies. apd gamestpt aonoBrvRPEAUEngtake-surface

roughness through an atonsic force mcroscope, the nean, square
roughness in a PegrenRtinliy, [ the) Apbgtnptewashogated in an epitaxial

growth device, and the single crystal Si was aiiéwed to
10 epitaxially grow in a thickness of 1 ym on the porous

Si through a CVD method. The growth conditions are

stated below.

, Source gas: SiH,Cl,/H,

Gas flow rate: 0.4/180 1/min
15 Gas pressure: 80 Torr

Temperathre: 2900°C

Growth rate: 0.15 pm/min

Furthermore, an SiO, iayer of 200 nm thickﬁess was
formed on the surface of the epitaxial Si layer through

20 thermal oxidation;

After the surface of the SiO, layer was
superimposed on a surface of another Si substrate
(second substrate) and brought in contact with the
latter, the substrate was annealed at 1100°C for 10

25 minutes, with the result that the bonding became firm.

As a result of separating the bonded wafers, in

the case where anodization current density of a third



0.3 nm and the surface roughness was equivalent to 20 that of the S

wafer normally on the market. Likew se, as a result of neasuring
the crystal defect density, the | am nation defect density was 5 X
10[err]/cnferr], and crystal defect @&nsity was remarkably reduced
by i ntroduction of the thin layer having a | ow porosity. 25
As a result of the above, the single crystal Si | ayer with a | ow

- defect density could be formed on the Si oxide filmof the second

- substrate. f 52 -
. measuring a tthéﬁESS o% Fﬁg §Png|e é??s?éfh%g Y%f%rdiVided in Forned over

: the entire Surf@E@lﬂit}ogfpﬁhnkﬁterface bHQhEQh”Ehé ¢ rlishe polboulsNaggetas
0101122 nm respectively. Even if the oxide filmTs

- forned not on tBA4A the se&uhaageraﬁst hayepi iaxitAe haydr porbsafyt hayey f ace
¢ of the second substrate, or on both of those surfaces, the

. sanme effects cooEdthe sbtehdedayer. In otheFfheopds)uwhSin rth@apaamimythe
. surface of the 10 second substrate was selectively etched using a

m xt ed 5 sofuthensecosdsiiaggrowasdsetytinotheolnrgesitd pamresd@y in

- hydrogen peroxide solution while stirring. Thereafter, t he substrate
- was subj ected ttheupproust Layerestrycture, senyaﬁ@g@n waseZrAddlyso t hat

the substrate could be used 15 as a first substrate again_or as a
second substratBade. Subgequaptdys)the second suhs§6ﬁ¢§cyaﬁa}@PaGﬁda first

single crystal $i substrate was ano |zed in an HF s gblo
in a hydrogen atmosphere under pressure o Torr,

and subjectgd to a heat treatment at 1100°C foraz

10 hours. As a reéult, the thin layer having a low

porosity remaining on the surface of the epitaxial Si

layer transferred onto the second substrate was

completely made non-poroﬁs. As a result of observing

the-section of the thin layer through an electron

15 microscope, no residual cavities, etc., could be
recognized. As a result of evaluating the surface
roughness through an atomsic force microscope, the mean
square roughness in a region of 50 um square was about
0.3 nm, and the surface roughness was equivalent to

20 that of the Si wafer normally on the market. Likewise,
as a result of measuring the crystal defect density,
the lamination defect density was 5 x 10°/cm?, and
crystal defect density was remarkably reduced by
introduction of the thin layer having a low porosity.

25 As a result of the above, the single crystal Si
layer with a low defect density could-be formed on the

Si oxide film of the second substrate. As a result of



The anodi zation conditions are stated below. 20 Current density: 7

(mMA.cnferr]) Anodi zation solution: HF- Herr]O(err]JHerr]OH = 1:1:1
Period of time: 3 (mn) Thi ckness of porous Si: 3 ([err]m

The substrate was oxidized under an oxygerr 525- atnosphere at 400[err]C
for 1 hour. Through the oxidation, the inner walls of the
respective holes in the porous Si were covered with thernmal oxide
films. lon - 53 -

I mpl ant ati on

the wafer urfa%? 3ﬁ%n9n t%giCkgggge%5£3§? ginglg FﬁgF%% E ?ﬁ ranogéfrom
bort1on 2Part TeQihed over! BeSUnkACE Bixladel 8 hih L@gnttgn i npl ant ati on

el enent s 5 are no artlcu ut “any ements can be

applied if an 'HBEQBE-&ELH:? Qa%ﬁﬂethiﬁﬁhesé %Qh1011+22 nmoncentration | ayer
(strain layer) of inplanied elements or a bubble-layer is formed in

the vicinity ofrespectitBgyi.nterface. 10 The single crystal Si was
allowed to epitaxially grow in a thickness of 0.15 [err]mon the
porous Si Shrough Even &fCtRenokiidd. £film dsofblrmedndoti ons thee st at ed

bel ow. Source gas: SiHerr]d[err]/Herr] Gas flow rate:
0.5/180 1/ nmi n s8rfaceaofptbesepitagdalodpyer but Tanfrbeasurdace0ot

Gowth rate: 0.15 [err]mmn Furthernore, an Si qferr] Ia¥1er of
100 nm t hi cknesth@gsecond substrate, or on both of those sur aces, the

same effects could be obtained.
The porous Si remaining on the surface ofvéhe
10 second substrate was selectively etched using a mixted
solution consisting of 49% hydrofluoric acid and 30%
hydrogen peroxide solution while stirring. Thereafter,
. the substrate was subjected to surface treatment of
hydrogen annealing, so that the substrate could be used
15 as a first substrate again or as a second substrate.
(Example 3)
A surface layer of a first single crystal Si
substrate was anodized in an HF solution.
The anodization conditions are stated below.
20 Current density: 7 (mA.cm?)
Anodization solution: HF:H,0:C,H;,OH = 1:1:1
Period of time: 3 (min)
Thickness of porous Si: 3 (um)
The substrate was pxidized under an oxygen
25 atmosphere at 400°C for 1 hour. Through the oxidation,
the inner walls of the respective holés in the porous

Si were covered with thermal oxide films. Ion



formed on the surface of the epitaxial Si l|ayer through 20 t her mal

oxi dat i on. After the surface of the SiJerr] |ayer was
superinposed on a surface of another Si substrate (second substrate)
and brought in contact with the | a+t BB, -t he substrate was anneal ed,
with the result 25 t hat the bonding becane firm The annealing is
conducted under the conditions where an inplantation damage | ayer, a
hi gh-concentration | ayer (strain |ayer)

- 54 - i rpl ant ed el t bubbl e | ' t
di ffused. As a %@5&?@€8F9§5§@?§iﬁ%ﬁghingéeﬁho% ﬂ?gPﬁgygga%Sa“fhin | ayer

t hrough an el ectron n%géosco ogni zed_that the

porositydof tEePE%J%ﬁ gyﬁ?gﬁ? %}oﬁthg gggrfi8ﬁrﬁ%§§eg?gﬁslﬂeggeinplanted
g T . . : : . . _
D enena, ok ot apa?ul e POLSELLy) B1CK MIEEROH bhold" BLén

As a result of ' t oad S h r i yided at
t he high porosi?ﬁgféeﬁfaaﬁigﬁ §é§ ﬁﬁbmaiﬁ%o%%%dfﬁgl?gﬁarﬁgﬁa§%§?§gﬁs

Sequentialsy, t&pesR6eNPattbetlartyBsmibEa} eButNany elemditst BRAPBEr €
where H2 was diluted with Ar and subjected to a heat treatnent at

1200[ err] C for Zppbied.ifsan implantatiohtdahiget baperayarhiighi-ng a | ow
porosity remaining 15 on the surface of the single crystal Si |ayer
transferred ontcontentrabhdnsisygeralstrainchbaperd by implantedde

non- porous. As a result of observing the section
elements or a bubble layer is formed in the vicinity of

the interface.
10 The single crystal Si was allowed to epitaxially
grow in a thickness of 0.15 pm on the porous Si through
a CVD method. The growth conditions are stated below.
, Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1/min
15 Gas pressure: 80 Torr
Température: 900°C
Growth rate: 0.15 pum/min

Furthermore, an Si0O, layer of 100 nm thickness was

formed on the surface of the epitaxial Si layer through
20 thermal oxidation.

After the surface of the SiO, layer was
superimposed on a surface of another Si substrate
(second substrate) and brought in contact with the

" latter, the substrate was annealed, with the result
25 that the bonding became firm. The annealing is
conducted under the conditions whefe an implantation

damage layer, a high-concentration layer (strain layer)



of«the thin | ayer through an el ectron m croscope, no resi dual

cavities, etc., could be recognized. As a 20 result of evaluating the
surface roughness through an atom c force mcroscope, the nmean
. squar e roughness in a regi on of 50 &4 ]-m square was about 0.3 nm
 and the surface roughness was equivalent to that of the S
: wafer normally on the market. Likewi se, as a result of 25 measuring the
- crystal defect density, the |am nation -def ect density was 6 X
ég[ Ie;]{ ]r /Ogmctelr LL bg?qgwé.%%%e%l e eejmee%tts or a qu%%sfé ylamylaesr riesm‘:}lrolgtabl Y r5§dijced

Cthin | havi | ity It af, th . th
e e R ORI e, o e R L SRS o™
- the Si oxd fi |t fd??ﬁﬁ”' £k

- the s:ngle crys?gﬂ%S}%&g§é?§g§’ of%@ﬂegﬁér t elﬁﬁﬁﬁé%géaé% Qﬁ§3ﬁ$?§%é§%t 100

points, the uni fREEgnt- el Hhat RHekpRIdsity of Wit Pbikbus NBydreHRed i vely.

The porous Si remaining on the surface of the first substrate was
sel ectivel g et chpdi¥iiond wheFeXitths Were in@ldnted Gitreddddl OfrHEdis,
hydrof l uoric acid and 30% . hydrogen peroxide solution while stirring.
Thereafter, a hijghe porosi tyullsiyleat ehdath willjledioanh teD sp=frata d eat nent
of hydrogen annealing, so that the first substrate "~ could be again
used as a first layest datterowass fargecohy ith impdigndtataitom. ( Exanpl e
4) Boron was diffused on a surface of a first p[err]

As a result of separating the bonded wafers, they
were divided at the high porosity layer which Qés
10 formed by ion implantation.
Sequentially, the second substrate was located in
an atmosphere where H, was diluted with Ar and subjected
N to a heat treatment at 1200°C for 2 hours. As a
result, the thin layer having a.low porosity remaiping
15 ° on the surface of the single crystal Si layer
transferred onto the second substrate was completely
made non-porous. As a result of observing the section
of the thin layer through an electron microscope, no
residual caQities, etc., could be recognized. As a
20 result of evaluating the surface roughness through an
atomic force microscope, the mean square roughnéss in a
region of 50 ym square was about 0.3 nm, and the
~surface roughness was equivalent to that of the Si
wafer normally on the market. Likewise, as a result of
25 measuring the crystal defect density, the lamination
defect density was 6 x 103/cm?, and crystal defect

density was remarkably reduced by introduction of the



single crystal Si substrate in advance so that a p[err] | ayer was

formed in a thickness of about 0.2 [err]m 20 Subsequently, the
surface | ayer of the substrate was anodi zed in an HF sol ution.

The anodi zation conditions are stated bel owd5 - Current density: 7
(m.cnferr]) Anodi zation solution: HF:Herr]OG (err]Herr]OH = 1:1:1
25 Period of tine: 2 (mn) As a result of observing the
substrate through a scanni ng el ectron mcroscope, it has been
recogni zed - 56 - that a

| ayer having 20%pBr 58¥8Y RAYIPE RedOMnPRTOSItY- (hickness of 0.2 pmon the
surface, and a porouislgyggszlt of ﬂ&'?ﬁo@ggb@B&°§iﬁé1$aér§8Eg$dsin a

t hi ckness of about m un at layer

substrate was OIAQéfeglUﬂdfﬁwa8e9é¥geaen31ty cBhFHSBEeESrﬁEd4QH[%hé]Eifor 1

hour. Through the”oxidation Inner walls of the respective holes
in the porous oxide §ilM@reAsoaeféQumttBfthéégﬁkiﬁglQethhbﬁﬁeséfber bei ng
i nserted into an epitaxy device, the wafer was bake 1060[err] C
for 5 minuses, ahd singher chakedlwsil tafersasr fermed oveirsthgpehedren a

smal | amount, to thereby bury the surface hol es of the porous Si.
The single cryssarf&ce at 100 popnep|t &healinlifipemity 0f£45heethiockhbsskness,
and an n[err] epitaxial layer of 1.0 [err]mwere allowed to

epitaxially 15was gidsbeR nhe pespactivelMere the surface holes were

burried through a CVvD (Chem cal Vapor Dep05|t|ong
The porous Si remaining on the surface of the

first substrate was selectively etched using a ﬁixted
10 solution consisting of 49% hydrofluoric. acid and 30%
hydrogen peroxide solution while stirring. Thereafter,
the first substrate was subjected to surface treatment
v of hydrogen annealing, so that the first substrate
could be again used as a first substrate or as a second
15 substrate.
(Example 4)
Boron was diffused on a surface of a first p-
single crystal Si substrate in advance so that a p*
layer was formed in a thickness of about 0.2 pm.
20 Subsequently, the surface layer of the substrate
was anodized in an HF solution.
The anodization conditions are stated below.
Current density: 7 (mA.cm?)
Anodization solution: HF:H,0:C,HOH = 1:1:1
25 Period of time: 2 (min)
As a result of observing the substrate through a

scanning electron microscope, it has been recognized



met hod. The growth conditions are stated bel ow. Sour ce gas:

SiHerr]dJ[err]/Herr] Gas flowrate: 0.5/180 1/mn 20 Gas

pressure: 80 Torr Tenperature: 900[err]C Gowth rate: 0.15

[err]mM mn Furthernore, an Si ¢ &6r} | ayer of 100 nmthi ckness

was formed on the surface of the epitaxial Si |ayer through 25

t hermal oxi dati on. After the surface of the SiJerr] layer and
~a surface of another Si substrate (second substrate) were treated

- 57 - rr] plasma_and washed with water, they wer e

super i nposed onghéﬁ énéﬁﬁsF QﬁUiBHOGSﬁtPPH°§&ﬁ?é@P$mﬁ9¥me in @ach ot her,

and t hen anneal t he rﬁ§ult t at

400 C.fo
t he bondi ng becgﬁé #‘ [errb 2 u'r“ °nA§ 5 F8§5PF faé‘él\gl)mz?r FCERY S nEYFSnded
~wafers, they Yl?ﬁegﬁ%WbEEQEQt?tw%gefgkﬁgdpQBP%!%&fqg%bsea&gagﬁ |C|n|ty

of an |nterface 0 por oSi
- second substratg, &ﬁ§m|9ﬁaé§dthﬁt layer.@ super-high vacuum device mhere
resi dual oxygen and 10 noi st ure” were satlsfactorlly renoved, and then

subj ected §0 a heat gheak{BBEtrdtdcias Bkea3Led Ahder an okyﬁeiao[ err] Torr
at 950[err]C for 4 hours. As a result, the thin layer having a | ow

porosity renai natgosphtlre at 400° eefondlshb&rnatEhwaagmommbEb&wﬂdﬁmah
non-porous. As a 15 result of observing the section of the thin |ayer
t hrough an el ectheninherovedpe, ofiothesiréspectivet heodes in the porous
Si were covered with thermal oxide films. After being
inserted into an epitaxy device, the wafer was baked at
10 1060°C for 5 minutes, and further baked while Si source
is applied in a small amount, to'thereby bury the
surface holes of the porous Si. The single-crystal Si,
v a p-epitaxial layer of 0.45 uym thickness, and an n*
epitaxial layer of 1.0 pm were allowed to epitaxially
15 grow on the porous Si where the surface holes were
burried through a CVD (Chemical Vapor Deposition)
method. The growth conditions are stated below.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min
20 Gas pressure: 80 Torr
Temperature: 900°C
Growth rate: 0.15 pm/min
Furthermore, an SiO, layer of 100 nm thickness was
formed.on the surface of the epitaxial Si layer through
25 thermal oxidation.
After the surface of the Sio2 layer and a surface

of another Si substrate (second substrate) were treated



ete., could be recognized. As a result of evaluatfng t he surface

roughness through an atom c force m croscope, the nean square
roughness of in a region of 20 50 [err]m square was about 0.5 nm and
t he surface roughness was equi val ent 5%0-t hat of the Si wafer
normal |y on the market. Likewi se, as a result of measuring the
crystal defect density, the Ianination defect density was 6 X
10[err]/cnferr], and crystal defect density was renarkably reduced
by introduction t he having a | ow porosit

As a result of Vﬁghaabd%%a%9§i7ﬂﬁ E%éé water, "they werd"

- 58 - | u g.an | r san g.th

thi ckness of 1. 8Bt EappHSH.Sh8 s Hkehke BHE BRouBHE" A EoiTHLED iR

second substr al gacfSpRnbeeubhaobnlR aHhbATed at 408-LNEEE"8EpRbutlg o Nl e

crystal Si layer as rmed over the entire surface at pol h

uniformty of itn thaeréghilén%ﬁétW%ﬁelbéﬁdQﬁ?pBbcEﬂéPQ&'.Hn\./?| y.
After the roughness remaining on the surface o the first substrate

side was sgbjected tAssdrtasalt of sepacatingt thet bohdddogafeasneghesyg as
the surface 10 flattening process, it could be again used as a first
substrate or aswereedidwildedbatr &he. hiight beroastywhayer in thet rdécpoitys S
remai ns, selectively etching my be conducted using a m xted

sol uti on consi sefngnointewface of ther dpwuperesitydlaner30% hydrogen

per oxi de solution 15 while_stirring. Thereafter, the first substrate
may be subj ecBuhseguentiye e thpegerend §Hbﬁt§§tﬁyHP§géﬁcated in

a super-high vacuum device where residual oxygen and
10 moisture were satisfactorily removed, and then
subjected to a heat treatment under a pressure of
‘1l x 10° Torr at 950°C for 4 hours. As a result, the
\ thin layer having a low porosity remaining on the
second substrate was completely made non-porous. As a
15 result of observing the section of the thin layer
through an electron microscope, no residual cavities,
etc., could be recognized. As a result of evaluating
the surface roughness through an atomic force
microscope, the mean square roughness of in a region of
20 50 pym square was about 0.5 nm, and the surface
roughness was egquivalent to that of the Si wafer
normally on the market. Likewise, as a result of
measuring the crystal defect density, the lamination
defect density was 6 x 10°/cm?, and crystal defect
25 density was remarkably reduced by introduction of the
thin layer having a low porosity.

As a result of the above, a single crystal Si



anneal ing or surface polishing, so that the first substrate may be

again used as a first substrate or as a second substrate. 20
(Exanmpl e 5). A surface layer of a first single crystal Si
substrate was anodi zed in an HF solution.- 58 = The anbdi zati on

. conditions are stated bel ow. Current density: 7 (mA.cnferr]) 25
Anodi zation solution: HF- Herr]Oerr]JHerr]OH = 1:1:1 Peri od of
time: 0.1 (mn) Thickness of porous Si: 0.1 ([err]m :
- 59 - en, .anodi zation was conducted mnth a change of

the concentr ati bRYSF i'-ﬁ@lé'gi’-ﬂgl 8R Bs Rynied lnayex, and haviepg the: "density:
7 (MmA d t |yt i HE: H H CH =
1: g 1[err]cn{er£+%ﬁkﬁ?5?|ﬁ?nglgfﬁth°“i8 be %ﬂFEEﬂe?Ee%FLp§%Ler&é [err]
(pm £1 11 8" £RY! EecQ.I: 8b§35%1t99téhe igbﬁt 5@%'Bltthr9“ﬁg @ur'n
scanni ng el ectron m croscop b €en reécog t Rat A migh

porosity |ayer Eﬁﬁcﬁﬂéégsaﬁnféﬁet 818g140crys 285084 Hagae! bgneéRgckor med in

dept h of about from he substrate

was oxi di z&d Ung’@éraﬂh@(&ﬁeﬁlre surfaéé”ﬁ%pEGOepahn‘ﬂ:Qo[ﬁh&]EGranﬁ:yl olgour .
Thr ough t he oxidati on, the inner walls of the respective holes in

t he porous 15 theSthmekﬁeesvﬁaedlmﬁkb OBepmm| rexpaetivedy. The oxide
filmin the vicinity of the surface of the porous S
After the roughness remaining on the surface of
the first substrate side.was subjected to surface
treatment with hydrogen annealing as the surfaéé'

10 flattening process, it could be again used as a first
substrate or as a second substrate. In the case where
the porous Si remains, selectively etching may be

, conducted using a mixted solution consisting of 49%
hydrofluoric acid and 30% hydrogen peroxide solution

15 while stirring. Thereafter, the first.substrate may be
subjected to surface treatment such as hydrogen
annealing or surface polishing, so that the first
substrate may be again used as a first substrate or as
a second substrate.

20 (Example 5)

A surface layer of a first single crystal Si
substrate was anodized in an HF solution.

The anodization éonditions are stated below.
Current density: 7 (mA.cm™?)

25 Anodization solution: HF:H,0:C,H,OH = 1:1:1
Period of time: 0.1 (min) |

Thickness of porous Si: 0.1 (pm)



was renmoved by HF. After being inserted into an epi taxy device, the
waf er was baked in a hydrogen at nosphere at 1040[err]C for 5

m nutes, thus burying the 20 surface holes of the porous Si. A single
crystal GaAs was epitaxially grown=i 89a-thi ckness of 0.5 pmon the
porous Si where the surface holes were burried through t he MOCVD
~(Metal Organic Chem cal Vapor Deposition) nmet hod. The growth

. conditions are stated below. 25 Source gas: TMJ AsH err]/H err]

Gas pressure: 80 Tor&hﬁFfanPﬁggB%i?hu%gé Zgﬁéﬁéékg V%th aaﬁaange o

- - 60 - € surtTace of yer a surFace

of another Si syhs!£BhBehPPaRlnSUESthE! Bb1URIEN as statdehbiBgsed one on
t t each ot he

- anot her and brought In contact w r, they were anneal ed
at 700[err] C f ogutrBAY’ densty: W7t (mhhemFgsul t that the bondi ng becane

firm As a result of separating the bonded wafers, they

were divided atahbdilaghionosesutiohayBF:HOIGOM OHCENLEY:1 of an
interface of the | ow porosity |ayer side. As a result of the
above, a sHngl ePeryocfabfCGhdme: 1@ (mihayer having a thickness of 0.5 pm
could be forned on the second Si substrate. As a result of measuring
a t hi cknEbsckhegheofi pgrousr §dt al.Galpm)ayer as fornmed over
the entire surface at 100 points, uniformty of t he thickness was

0.50.01 [err]m respB&tpvEppultigf observipgcihsesuhetzateatbrenghhe GaAs

| ayer is rough, and also there is a possipili that a residue the
y g Scanning egectron m croscope? it Plas Lgen recognszeg .

that a high porosity layer which corresponds téié
10 second formation was formed in depth of about 0.1 um
from the surface.

The substrate was oxidized under an oxygen
atmosphere at 400°C for 1 hour. Through the oxidation,
the inner walls of the respective holes in the porous
15 Si were covered with thermal oxide films. The oxide

-£film in the wvicinity of the surface of the porous Si

was-removéd by HF. After being inserted into an
epitaxy device, the wafer was baked in a hydrogen
atmosphere at 1040°C for 5 minutes, thus burying the
20 surface holes of the porous Si. A single crystal GaAs
was epitaxially grown in a thickness of 0.5 uym on the
porous Si where the surface holes were burried through
the MOCVD (Metal Organic Chemical Vapor Deposition)
method. The growth conditions are stated below.
25 Source gas: TMG/AsH;/H,
Gas pressure: 80 Torr

Temperature: 700°C



porous Si remains, surface touch polishing is conducted. As a

result, a simlar surface snoothness to that of the GaAs wafer
normal Iy on the market was 20 obt ai ned. As a result of
observing the section of the thin I~ay@& <t hr ough a transmi ssion
el ectron m croscope, it has been recogni zed that no new crysta
defects were i ntroduced in the Si |ayer, thereby keeping excellent
25 crystallinity. As the second substrate, an Si substrate

whose sur face 0 d
- 61 - subs“,\t\éﬁ%tr )gh% ZS?H‘ r é%pg?ﬂ%t 3'%% %TZ %rnfr% g foarcrre\::d
on the surface @i tl a:ﬂgzs'étis ::‘Elrtet h%e%% |s%‘ifsrtrate) werld0S€

substrates may be bon to eac ther. In this case, the conplete

substrate i s usedperimposed ohe on5anoth@&uhﬁd bk i @ontact with |f
t he roughness remains on the first substrate side is subjected to

surface treat nesachuolthes, htthegiwere anneadedeat MPOTIC o acecud,i shing to
flatten the surface, the first substrate may be again used as a

first 10 5 suldthattheoresuld dhadndheubonddng belocameheigase where
the porous Si remains, selectively etching may be conduct ed using a
m xt ed sol ution cons#@tﬁnge§M1¢9¢¢ separaW9@go¢m@ohqugﬁ<yaﬁﬂ;sao@ahanrogen
per oxi de sol ution while stirrin Thereafter, the first substrate
my be 15 - sHBFecavidedsat ibe hight peFosdten 1ayer diogdie vicinity
annealing or sugface &%kgi@g% of t&ha&o%h%dlbgi%y layer side.
As a result of the above, a single crystal"GaAs
10 layer having a thickness of 0.5 pm could be formed on
the second Si substrate. As a result of measuring a
thickness of the single crystal GaAs layer as formed
over the entire surface at 100 points, uniformity of
the thickness was 0.5+0.01 um, respectively.
15 ‘ Because the surface.of the GaAs layer is rough,
and also there is a possibility that a residue the
porous Si remains, surface touch polishing is
conducted. As a result, a similar surface smoothness
to that of the GaAs wafer normally on the market was
20 obtained.
As a result of observing the section of the thin
layer through a transmission electron microscope, it
has been recognized that no new crystal defects were
introduced in the Si layer, thereby keeping excellent
25 crystallinity.

As the second substrate, an Si substrate whose

surface was oxidized can be used instead of the Si



substrate may be again used as a first substrate or as  a second

substrate. (Exanple 6) 20 A surface layer of a first single
crystal Si substrate was anodi zed in_an HF sol ution. The
- anodi zation conditions are stated below. - 61 - current density: 7
P (mAerr]cnferr]) Anodi zation solution: HF: H20: C2HOH = 1:1:1 25
: Period of tine: 0.2 (mn) Thi ckness of porous Si layer: 0.2 (pm
 Further, - - 62 - Current

" density: 50 - i zati | Wb inONes 1.
R e o d o PibPEERHEL Atsq, jarceRod GBpbATeEH! B0 1o formed
- Thi ckness of Se&ﬁnﬁhﬂoéﬁHfagkthgy%ﬁé 8125(iBSkrate or the GaREOWEBelhe

. anodi zation, the porosity o porous SI layer was I ncreaséd due

' to 50 (mA[err] cghesé] subkbrates mayhB&cBYnBEaT™d BHER bauer.harhngnashi gh
. porosity which is structurally fragile. - After being

I nserted i nto atae@]tthy dempletet SsabstPate 1Bl asedaasba@kR8 on anhydr ogen

- at nosphere at 1060[err]C for 5 mnutes. In this state, the sanple

- was taken Dut ahbdsulatingossbstedtehrough a scanning el ectron nicroscope.
It has been recogni zed that the surface holes of the por ous
Si were seal ed. As alfethetroughnegscrapainsign theyfinst subskeratdin | ayer

havi ng a Iom/porositl was consuned for bur%in% t he, hol es and canme to
a non- por ous side is subjected to surface treatment such as hydrogen

annealing or surface polishing to flatten the surface,
the first substrate may be again used as a first
10 substrate or as a second substrate. In the case where
the porous Si remains, selectively etching may be
conducted using a mixted solution consisting of 49%
hydrofluoric acid and 36% hydrogen peroxide solution
while stirring. Thereafter, the first substrate may be
15 subjected to surface treatment such as hydrogen
annealing or surface polishing, so that the first
substrate may be again used as a first substrate or as .
a second substrate.
(Example 6)
20 A surface layer of a first single crystal Si
substrate was anodized in an HF solution.
The anodization conditions are stated below.
Current density: 7 (mA.cm™?)
Anodization solution: HF:H,0:C,H,OH = 1:1:1
25 Period of time: 0.2 (min)
Thickness of porous Si layer: 0.2 (um)

Further,



state. Sequentially, a single crystal Si was epitaxially grown in a
t hi ckness of 0.3 pmon the porous Si through a CVD nethod. The
grow h conditions 20 are stated bel ow. 62 Sour ce gas:
SiHerr]OJ[err]/Herr] Gas flow rate”“072/180 1/min Gas
pressure: 760 Torr Tenperature: 1060[err]C 25 Gowth rate: 0.15
[err]mM mn Further, an Sigerr] layer was fornmed in a thickness
of 200 nmon the surface of the epitaxial Si |ayer by heat

- 63 - cuf¥bfdt HaAsity: 50 (mA.cmf?)er the surface of the Si(ferr]
| ayer and a surface of “anot her S|I|ca substrate (second substrate)

wer e t reahedibgtidnpbasokiond WEsHoO: QUHLOHWat BE1:Lhey were 5
superi nposed one on anot her and brought into contact with each

ot her, and t henPéentpdwerfetimaeall@d(secd00[err]C for 60 mnutes, with
t he result that the bondi ng becane firm As a result of
separating the Bbhdkdesaf ofssechsd pogous: ﬁéréaﬁeV|d@d2aKumﬂe hi gh porosity
| ayer in the VICInIt¥ of an interface on the side of the |ow
porosity |8&yer. hraugbeghentppdieptisee ofhesBBFPFALY Rlsthecated in a
hydr ogen at nosphere of 80 _Torr, and,then suljecte heat

to a ,
treat ment at 958?5???(§Fo}ageﬁoUP§ increapeg fipe gﬂegolﬁmA'CWﬁﬁn ter

having a | ow po mai_ni.n n econd substrate was.
conpl etel y nade£ﬁ%%é%grgogm %hg iayer hav1n8 S ngﬁ por051%y wﬁlch

is structurally fragile.
After being inserted into an epitaxy device, the
10 wafer ﬁas baked in a hydrogen atmosphere at 1060°C for
5 minutes. In this state, the sample was taken out and
observed through a scanning electron microscope. It
has been recognized that the surface holes of the
porous Si were sealed. As a result, the outermost
15  surface of the thin layer having a low porosity was
consumed for burying the holes and came to a non-porous
state. Sequentially, a single crystal Si was
epitaxially grown in a thickness of 0.3 um on the
porous Si through a CVD method. The growth conditions
20 are stated below.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.2/180 1/min
Gas pressure: 760 Torr
Temperature: 1060°C
25 Growth rate: 0.15 pm/min
Further, an Si0, layer was formed-in a thickness of

200 nm on the surface of the epitaxial Si layer by heat



result of observing the section of the thin | ayer t hrough an

el ectron m croscope, no residual cavities, : etc., could be

recogni zed. As a result of evaluating 20 t he surface roughness through
. an atomc force m croscope, the mean®3qoare roughness in a region of

50 pm square was about 0.4 nm and the surface roughness was

equi valent to that of the Si wafer normally on the mar ket . Li kew se,

as a result of nmeasuring the crystal 25 defect density, the | am nation
. defect density 10[err]/cnferr]. As a result of

t he above, a si§%?838§§§fa| Si _ -
64 - | ayermgﬁsltgw gﬁ{rgg&eggﬁgkpésﬁgpg g:fél;eé 04 A1% da Oy f PES

oxide filmof the secon ubstrate neasuring a
t hi ckness of tthSbHS%HeEV¥§1§ha$§ub§¥§&t@?(seeond babarea®¥r wohe entire

surface at 100 points, 5 uniformty of the thickness was 4129 nm
Roughness renai pragted bieN] iprdsmalbaid aveshiedlenith watahy tisegWietsted to
surface treatnment such as hydrogen anneal ing or surface polishing to
flatten the suréaperimposed wherehyanbtthey bedabazpnghtednis aohitastt
substrate or as 10 a second substrate. In the case where the porous S
remai ns, sel ectwitheeadhngthey, bandotbent sHeysiwegeaannealednakt 400S6! ut i on
consi sting of 49% hydrofluoric acid and 30% hydr ogen peroxi de

sol uti on while E9FrbPnginutes, wifbrEhet Epsulfethatsitheybonding hagape
subjected to 15 surface treatnent such as hydrogen annealing or surface

polishing, so tFifMthe first substrate may be again

As a result of separating the bonded wafefé; they
10 were divided at the high porosity layer in the vicinity
of an interface on the side of the low porosity layer.
Subsequently, the second substrate was located in a
hydrogen atmosphere of 80 Torr, and then subjected to a
heat treatment at 950°C for 6 hours. As a resulf, the
15 thin layer having a low porosity remaining on the
second substrate was completely made non-porous. As a
result of observing the section of the thin layer
through an electron microscope, no residual cavities,
etc., could be recognized. As a result of evaluating
20 the surface roughness through an atomic force
microscope, the mean square roughness in a region of 50
pm square was about 0.4 nm, and the surface roughness
was equivalent to that of the Si wafer normally on the
market. Likewise, as a result of measuring the crystal
25 defect density, the lamination defect density was 5 x
10%/cm?.

As a result of the above, a single crystal Si



-used as a first substrate or as a second substrate. (Exanple 7)

A surface layer of a first single crystal Si 20 substrate was anodi zed

in an HF sol ution. ,
Current density: 1 (mA[err]cnjerr])
HF:-Herr]O Cerr]Herr]OH = 1:1:1

- Bdodi zati on sol uti on:

Thi ckness of porous Si: 0.4 ([err]m Further, Current
density' 50 (mAferr]cnierr])

Period of time: 19YF§eUFth low dedeetndensitypsrydd Be fGrPerHP the s1

Still

furth f act
(rrA[ erriJE:r’r{ :;r] xid %"&%gﬂ Wgﬁ m%rég'f)‘%ﬁ ubﬁgrﬁfgeH[ ef‘rs] & ELSI HP rr] C]—I

11

([e”]n?

| ayer

(mA[err]cnferr]

Anodi zati on sol ution: HF: H[err]C)C[err]H[err]CH 1:1:1
Current

me;.,.1

Period of tinme: 2 (mn) 25

The anodi zati on conditions are stated bel ow

65

i 0B o rRRb S the, PbBBCRRY SR R Ba¥hisbe 1o
becane | a?g%\x.%ﬁ%%e&h%ﬁé“ %B‘T:Q.E:edgﬁﬂf%ﬂée"‘@% Wfi]@b b?unts 50

reb porosity layer I ch™wa

structural by fragiilrer@ty’ 8¢ fle thickness waEhQIQEbsthte was oxi di zed at

400C for

t he

15

one hour I n an oxygen atnosphere. Through this oxidation

10

15

20

25

i nner wal RoGghhbesr eemashling bal ehel Filrke RAbetFate wade

may be subjected to surface treatment such as hydrogen
annealing or surface polishing to flatten the surface,

whereby it may be again used as a first substra%e or as

a second substrate. In the case where the porous Si

remains, selective etching may be conducted using a

mixted solution consisting of 49% hydrofluoric acid and

v 30% hydrogen peroxide solution while stirring.

Thereafter, the first substrate may be subjected to

surface treatment such as hydrogen annealing or surface

polishing, so that the first substrate may be again
‘used as a first substrate or as a second substrate.
(Example 7) |
A surface layer of a first single crystal Si
substrate was anodized in an HF solution.
The anodization conditions are stated below.
Current density: 1 (mA.cm™2)
Anodization solution: HF:H,0:C,HOH = 1:1:1
Period of time: 2 (min)
Thickness of porous Si: 0.4 (um)
Further,

Current density: 50 (mA.cm?)



covered with a thernmal oxide film After the wafer was inserted into
a hydrogen bake device, it was baked at 1040[err]C for 5 mnutes, to
t hereby bury the surface hol es of the porous Si. As a result, a
portion in the 20 vicinity of the surf<aes ef the thin [ayer having a

| ow porosity (a layer formed with 1mA[err]jcnferr]) was consuned for
burying the holes and cane to a non-porous state. In ot her words, a
non- porous single crystal Iayer mﬁth good quality was fornmed in a

t hi ckness of about 0.05 [err]m Further, an Si(err]

| ayer of 20 nn19ﬁpé§ﬁé§§°%a§°1Ut1°n-f§fhﬁhooﬁﬂﬁﬁg surfacéd of the non-porous
single crystal -+ - 66 -

| ayer by ther maPeStPdaPfoifime: S (sec) after the surface of the Sigerr]

| ayer was rlnpo ed on urf not her Si substrate
(second substrathf 858r8 ﬁPrOHFo cdntactqﬁ?@h t he 5 | atter, the

substrate “as,a@%gﬁheQuQEhL¥BOEeEﬁhgdfQ%y%r was mdqt it ééggth the resul t

that the bondin ecane a resu rating the

bonded waf grs, bh%%ent dens¥®y8 ¢ (nfleémed) the high porosity layer in the
vicinity of an interface on the Sldg of the low porosity layer. 10

Subsequently, thfogtiRatidhe ssautiondt aF :HYOBC,H,OH = hyd:agen at nosphere
under a pressure of 80 Torr, and subj ected to a heat treatnent at
1100[ err] C for Pelrdodsof time: As (mimgdsult, the |ow porosity |ayer
remai ni ng on the surface of the second substrate was conpl etely nade
15 non- por ou¥higknegsnoiff podowst Bit:hd £umgl e cryst al

Through the anodization, porosity of the éefous Si
10 layer became large where the current density was set to
50 (mA-cm™?), whereby a high porosity layer which was
structurally fragile was formed.
) The substrate was oxidized at 400°C for one hour
in an oxygen atmosphere. Through this oxidation, the
15 inner wall of the respective holes in the porous. Si was
covered with a thermal oxide film. After the wafer was
inserted into a hydrogen bake device, it was baked at
1040°C for 5 minutes, to thereby bury the surface holes
of the porous Si. As a result, a portion in the
20 vicinity of.the surface of the thin layer having a low
porosity (a layer formed with lmA.cm™?) was consumed for
burying the holes and came to a non-porous state. In
other words, a non-porous single crystal layer with
good quality was formed in a thickness of about 0.05
25 pm.
Further, an SiO, layer of 20 nm thickness was

formed on the surface of the non-porous single crystal



si1icon layer. As a result of evaluating the surface roughness

t hrough an atom c force m croscope, the nean square roughness in a
region of 50 pm square was about 0.4 nm and the surface roughness
was equivalent to 20 that of the Si wafé6 rormally on the market.
As a result of the above, a single crystal Si | ayer of 400 nm
"~ thickness could be forned on the Si oxide film As a result of
- measuring a thickness of the single crystal Si layer as forned. over
“the entire 25 surface, at 100 points, a uniformty of the thickness

was 4038 nm  laver by thermal.egifatioBpserving the section of the |ayer
- 67 - : t hr h _a,iransn.ssion_electro ) croscope, it has been
recogni zed that no n§§£%Fy§§ﬁ|SH%%%E?s°&a%ﬁ?n%F§aE%%%Fr W85 inthe S

| ayer, thereby | | L en ' CL¥S LALLM

Roughness renai%ﬁﬁgfgﬁp§%%8f%§s gt g ?3té¥s%§ékhgk b1 ﬁggsggagﬁbjected to

surface reat eplodysl 83pEYHALETNand, brouBRRCEhEBICBRAE! ALENPEhbSNI NG

such to flatten't ~surface, whereby the first substrate may be
agai n useds lat€6r2 théskupHbehtat Ra8l anfied168caRd13B0str abe. 5 In the

10 case where the porous Si remains, selective etching may be
conduct ed usi nomBnataspdwsthuthenrésuitsthag ehe4Bdnding bebuseoElivfli C
acid and 30% hydrogen peroxi de sol ution while stirring. Thereafter,

the first substrate hayabeesult ofsséeparatilngotber bandellr wafeesl shel as
hydrogen were divided at the high porosity layer in the vicinity
of an interface on the side of the low porositfaiayer.
10 Subsequently, the substrate was located in a
hydrogen atmosphere under a pressure of 80 Torr, and
subjected to a heat treatment at 1100°C for 6 hours.
., As a result, the low porosity layer remaining on the
surface of the second.substrate was completely made
15 non~-porous and identified with the single crystal
silicon layer. As'a result of evaluating the surface
roughness through an atomic force microscope, the mean
square roughness in a region of 50 pﬁ square was about
0.4 nm, and the surface roughness was equivalent to
20 that of the Si wafer normally on the market.

As a result of the above, a singlg crystal Si
layer of 400 nm thickness could be formed on the Si
oxide film. As a result of measuring a thickness of
the single crystal Si layer as formed over the entire

25 surface at 100 points, a uniformity of the thickness
| was 403+8 nm.

As a result of observing the section of the layer



15- anneal ing or surface polishing, so that the first Substrate

may be again used as a first substrate or as a second substrate.

As shown in the figures, the methods according to t he
above-descri bed respective Exanpl es coul d -bas7 20 carried out on both the
surfaces of the first Ssubstrate. In the respective
Exanples, in order to renove the porous Si | ayer remaining on the
first substrate side after the bonded substrate has been separated,
the 25 sel ective etchant stated bel qw nmay be used.

hydrof | uori c acitiprough a transmiggien gdect &'ipmn ifehig heen

sol ution;

hydr of | uori c acﬁfqPQQ%ﬁﬁﬂﬂthat no new Grﬁﬁﬁﬂ%ﬁq?ﬁﬁqq§eﬂﬁ§jip?ﬂQﬂﬂﬁﬁd

hydr ogen per oxi drof l uori c acid;
5 buffe(rlgld ydr &}él of acﬁfebyh k(?eginr;perom %A}’y sol ution;
buf f ered hydrofg#?Q f%idit al cohol ; buf fered hydrofluoric
acid + al cohol + _3%bgen ¥- perOX|de solution 10 Al so, when a
nornmal Si @tchant isRéRfhnedd ¥Eniaifhing on tHeE Hiht SubAYARL O &PMe
degree, dependi ng on a huge surface area of the porous Si.

Accordi ng to theayeiReGhubjRedbelte Surfadire trfatment sudde & Hydragdecti ve
etching process is not required,
annealing or surface polishing such to flatten the
surface, whereby the first substrate may be agaln used
as a first substrate or as a second substrate. In the
10 case where the porous Si remains, selective etching may
be conducted using a mixted solution consisting of 49%
hydrofluoric acid and 30% hydrogen peroxide solution
v while stirring. Thereafter, the first substrate may be
subjected to surface treatment such as hydrogen
15 annealing or surface polishing, so that the first
substrate may be again used as a first substrate or as
a second substrate.

As shown in the figures, the methods according to

the above-described respective Examples could be
20 carried out on both the surfaces of the first
substrate.

In the respective Examples, in order to remove the
porous Si layer remaining on the first substrate side
after the bonded substrate has been separated, the

25 selective etchant stated below may be used.
hydrofluoric acid;

hydrofluoric acid + hydrogen peroxide solution;



15- there is little such a problemthat uniformty of the film
thickness is deteriorated by the excessive etching of the non-porous
| ayer, which is caused when the selective ratio of etching is
insufficient. Thus, the uniformty=-of68 ke filmtransferred onto the
~second 20 Substrate is not deteriorated at all. Al so,
according to the respective Exanples, separation can be nmade over
"the overall surface of the wafer in the porous region at an

- interface between the hi gh porosi%ﬁ | ayer and the | ow porosity
layer, or the 25 HhYEFofdueTic acdfer @AcOROLficinity of the interface

e orst  Fenme s RGBRTARE, s e Widbogen peiad™ "0 2
- 69 - soiﬁngﬁﬁte side is nerely snoothed so that the process
- of renoving the résidual’ | ayer of the porous |ayer . through grinding,

polishing, etching ogyllke bk ydd A%ori jghortened or omtted. Further,
a thickness of the g fésidual Iaygf gaﬁcbe controlled according to the

condi ti onssof the popa¢Feranehydirofiuerdc acid +Ohydrbgen perdiddidd cul ar,

If a heat treatnment is conducted, the residual thin |layer having a
| ow porosity issolutioniransfornmed into a non-porous |ayer wthout any 10
cavities remaining in the interior of the |ayer, t her eby bei ng
capabl e of snoot hi ngbuféexedf aydroElusric acid shalwehodr;mty of the film
t hi ckness can be inproved. This nmeans that the wafer can be

manuf act ured wi th gobyffered hydrofluoric acid + alcohol + hydrogen
peroxide solution N
10 Also, when a normal Si etchant is used, selective
etching is enabled to some degree, depending on a huge
éurface area of the porous Si.
) According to the respective Examples, since the
use of the selective etching process is not required,
15 there is little such a problem that uniformity of the
film thickness is deteriorated by the excessive etching
of the non-porous layer, which is caused when the
selective ratio of etching is insufficient. Thus, the
uniformity of the film transferred onto the second
20 substrate is not deteriorated at all.

Also, according to the respeétive Examples,
separation can be made over the overall surface of the
wafer in the porous region at an interface between the
high porosity layer and the low porosity layer, or the

25 high poroéity layer in the vicinity of the interface
over the large area. Hence, after sepaiation, the thin

layer having a low porosity remaining on the second



yield so as to satisfy a demand on a super-high 15 uniformty.

Al'so, in the case where the first substrate after havi ng been
separated is again used as a first substrate in a subsequent cycle
of manufacturing an SO substrate, -t 6@ +i rst substrate can be reused
many tinmes 20 until it cannot be used anynore. Further, in
the case where both |ayers which are in contact wth the porous
~layer structure and the thin | ayer structure having a | ow porosity

i n the non-porous yer structure are formed of epitaxial |ayers,
because 25 BHbstrate §&9§t?§t@e€§ﬂyb§mPQG§§G §8n¢h6§rﬁﬁﬁeRFP?ess

W t hout any reduction in the thickness._ of the substrat even if it is
used many tines® of, Fepgv§ggy%ggv§ﬁ§g§gg&s&ayer 3¢°¢the"prous 1a7é%

- 70 - th&%aghtgﬁlﬁdg Bilg& ongﬁgﬁig vpRoARd1iRe cas!

reducti on. een fects are’intro uced

into an ep'tax'éhok%&ﬁédobr'Bﬁik%hﬁrfa%ﬁr@ﬁ&rtOaathléknegbe%r%ﬂée in
| atti ce constant caused by a difference of the hetel o-epitaxial

material . KbreoyasiduB1Caage®’ can be céntkbelbat aceoelihgX¥o itheone is a
super-thin filmin relation to the thickness of both the material,

def ects evadlitibhe bf lthel pbirodscidybr biteuetpee- formatibm. Ia
Hence, if a different kind of material is further allowed to
epi taxi al |y gropavtithéasupdrf- ahheati ktreatment épi tondakbtedyethedef ects are
|iable to be introduced into the super thin filmepitaxial layer. In
this way, residual thin layer having a low porosity is

transformed into a non-porous layer without ané”.

10 cavities remaining in the interior of the layer,
thereby being capable of smoothing the surface. Thus,
the uniformity of the film thickhess can be improved.

v This means that the wafer can be manufactured with good
yield so as to satisfy a demand on a super-high

15 uniformity.

Also, in the case where the first substrate after
having been separated is again used as a first
substrate in a subsequent cycle of manufacturing an SOI
substrate, thé first substrate can be reused many times

20 until it cannot be used anymore.

Further, in the case where both layers which are
in contact with the porous layer structure and the thin
layer structure having a low porosity in the non-porous
layer structure are formed of epitaxial layers, because

25 the first substrate can be reused semi-permanently

without any reduction in the thickness of the substrate

even if it is used many times, it is very advantageous



the interface is weakened due to a difference in 15 | attice constant
and defect introduction, so that the substrate is peeled off from
that interface. As descri bed above, according to the present
invention, even at the tinme of manufacturinhge Jarge- scal ed
integrated circuit of the SO structure, there 20 can be provided a
nmet hod of manufacturing an | nexpensive and high quality

sem conduct or substrate, whi ch can be substituted for an expensive
SCS or Sl MOX. : : - 71 - WHAT
IS CLAIMED | S: from the vieWwpoAnts lofd réfsaumnef aatwimgigaral e asschict or
substrate conprising the steps of: preparing a first substrate
havi ng a por ousredygction.5 including at |east two layers different in
porosity and a non-porous |layer formed on said porous region;

" bondi ng a surface of Thexre peesy knowpe thet dgfects are fintyoduged rat e
to a surface of .a second substrate; separating said first and

second subst rat 48P 8/ epdtaxigdcdageFeon 4 4§ dndierfacg AU ED& ous | ayer
t id - d bst, X d ' t id
0 e BN, oy R e
ig' d second of tﬁgbﬁ'é%&%-%%%%@i%q H%eterr‘i%lq”a% dved &%'c%geo;&sf to
smooth sard separation surface: erein the step o

preparing said fbubheSHaterd-epitaxy, 1H VNS ES & HuphrUeHid it ad i 1St
porous | ayer of _
relation to the thickness of both the material, defects
'are liable to be introduced to the super-thin film.

10 Hence, if a different kind of material is further
aliowed to epitaxially grow on the super-thin film
epitaxial layer, defects are liable to be introduced

' into the super-thin film epitaxial layer. In this way,
the interface is weakened due to a difference in

15 lattice constant and defect introduction, so that the
substrate is peeled off from that interface.

As described above, according to the present
invention, even at the time of manufacturing a large-
scaled integrated circuit of the SOI structure, there

20 can be provided a method of manufacturing an

inexpensive and high quality semiconductor substrate,

which can be substituted for an expensive S0S or SIMOX.



1 pmor |ess thickness, a second porous |ayer adj acent [ I rst
porous | ayer and high in porosity, and 20 sai d norH“mBm!'ME" I
I * 2. LA methoo of

adj acent to said first porous ayer.

manuf acturing a sem conduct or substr as clained in claiml,
wherein the step of 25 form ng said non-porous |ayer conprises a step
of maki ng a surface side portion of said first porous | ayer
non- porous, and/or a step of form ng a non-porous

- 72 - | ayer on said first porous |ayer. 3. A

met hod of nmanuf SWHAT | 1§ GLAENMER AISluCt Or substrate as clainmed in
claim1, wherein the step of 5 formng said first porous |ayer
conprises a step of 1. A mewhodf aamufdcturing e peemicondyetor a surface
si de portion of said porous |ayer non-porous to make a

remai ni ng por oussukgfratie orprising i the Hiepwet: 10 . 4. A nethod
of manufacturing a sem conductor substrate as , clained in claim1,
wherein sai d second Preparipg R sE1eglk syRstrat& MAEIDH 2 RILOHS HWPHPR st

g g;n_og gnductsor | a‘g'/necriudsjd&lt%"?‘étjeeaa%t cg"éﬁ’ ﬁé?nl’??t% gq% #ﬁn‘?en’gé afé uéé?&?%"raw Mer a
second porous | ayql,{ MONGLs {10k ¥ ldd %dn R4t Sorous region;
bonding a surface of said non-porous layer of said
first substrate to a surface of a second subst;ate;
separating said first and second substrateé from
10 each other to transfer said non-porous layer to said
second substrate; and
removing the residual portion of the porous region
! remaining on a separation surface of said second
substrate or making the residual portion non-porous to
15 smooth said separation surface:;
wherein the step of preparing said first substrate
comprises a step of forming a first porous layer of
1 ym or less thickness, a second porous layer adjacent
to said first porous layer and high in porosity, and
20 said non-porous layer adjacent to said first porous

layer.

2. A method of manufacturing a semiconductor

substrate as claimed in claim 1, wherein the step of
25 forming said non-porous layer comprises a step of
making a surface side portion of said first porous

layer non-porous, and/or a step of forming a non-porous



| ayer is fornmed, a surface side portion of said flrst er
i's made non-porous to thin said first 20 porous: IHIII"”"I""IJI"II"”! 6.
A nmet hod of manufacturing a sem conduct or substrate as cf aisred I n
claiml1, further conprising a step-ofp2farming a third porous |ayer
thi cker and | ower 25 In porosity than said second porous |ayer on a

si de opposite to said first porous |layer with respect to sai d
second porous | ayer. - 73 -

7. A nethod of manufacturing a sem conductor substrate as clainmed in
claim 1, wherei Aayardon said £dpstaporeusudByes-snoothing step i s conducted
by a heat treatnment in a non-oxidizing atnosphere w t hout 5

usi ng anyone of selective etching and polishing 8. A net hod
of manufacturing a sgnicondu t g strate as cl.ained in claimbé,

;
wher ei n said non- H?nga'ﬁg nepuEprANEing Ry n@%?ﬁQﬁért gas or

Saslo nixture gtgra gﬁéghggnilstlggfgng droge % F p of
substrate gs cl gLaRenENGY a'?E%StWBSE%hQ &%&e&t%B gééf%%ﬁn é%%@hgﬁtng sai d

separation surface 1s-con heat t m
wi thout using apuk@R§,Obfter forming a porous layer, a surface side
portion of said porous layer non-porous to make a

remaining porous layer 1 pm or less in thickness.

10 4. A method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein said second
porous layer is thickened more than said first porous

' layer.

15 5. A method of manufacturing a semiconductor
substrate as claimed in claim 1 or 4, wherein after a
second porous layer thinner than said first porous
layer is formed, é surface side portion of said first
porous layer is made non-porous to thin said first

20 porous layer.

6. A method of manufacturing a semiconductor
substrate as claimed in claim 1, further comprising a
step of forming a third porous layer thicker and lower
25 in porosity than said second porous layer on a side
opposite to said first porous layer with respect to

said second porous layer.



sekective etching and polishing. 10. A net
manuf acturing a sem conductor 20 substrate as cl ai me“] m ““"l”m””"l

wherein said porous region is made of single cr

11 A nethod of manufacturing a sem conduct ojg - substrate as clalned -

in claiml, wherein said porous 25 region is a single crystal Si |ayer.

12. A nethod of manufacturing a sem conduct or

- 74 - substrate as clainmed in claim1, wherein said porous

region is formed by anodizing said first substrate. 13. A
met hod of manuf act urihg A mesrhad it wanufacturing b tsenicondudtttomed in

claim12, wherein said first porous | ayer and said second porous

| ayer are fornedulstrate a%rﬂieﬁmdo#naﬁﬂ@%@lbctmt@%iﬁcﬁ% according to

t he ki nd and concentratlon of inpurities in the fjrst

substrate, a cuﬁeé?ﬂr sspr fare IRVNAND SLER) iﬁcpond‘tce%rbcﬁtﬁ‘e of a

chem cal agent t.h anodi n_or nblnatl t hereof .

Tac A et hod of %mﬁw An e £ FerlggiRnd il bt o) oo
in claiml, mher [ the 0 rimd LN one surface

~of the fi rsﬁ eélr}'i &ra e, saellc?%‘g%%engé%%t?%@nqﬁgeg&% O%ed at an ion

8. A method of manufacturing a semiconductor
substrate as claimed in claim 6, wherein said Qon-
'oxidizing atmosphere is hydrogen, an inert gas 6r a

10 mixture atmosphere consisting of hydrogen and the inert

gas.

' 9. A method of manufacturing a semiconductor
substrate aé claimed in claim 1, wherein the step of
15 smoothing said separation surface is conducted by a
heat treatment in vacuum without using any one of

selective etching and polishing.

10. A method of manufacturing a semiconductor
20 substrate as claimed in claim 1, wherein said pOrbus

region is made of single crystal.
11. A method of manufacturing a semiconductor
substrate as claimed ih claim 1, wherein said porous

25 region is a single crystal Si layer.

12. A method of manufacturing a semiconductor



prej ection range position by ion inplantation. d
of manufacturing a sem conductor 20 substrate as CILHIHHMI IH u I
. wherein a side wall surface of pores in the porous regionmu ss =

oxidized to such a degree that a pareygs-_crystal structure renains
in the interior of the side wall before the non-porous | ayer is
formed. 25 16. A nethod of manufacturing a sem conduct or
substrate as clainmed in claim15, wherein an oxide film
- 75 - formed on the side wall of the pores in the surface of
sai d porous regeyksgmatenasheleiged dp cfladme lsumwherein Said PN | s
renoved before said non-porous |ayer is f or med. 17.
A met hod of man&iPgdenr isg farged bynaneddging salds%;ﬁms@bés*—r@lt@i-ned in
claiml1, wherein said non- porous | ayer includes a portion where the
surface of said first porous |ayer is made non- porous by a heat 10
idi zi her e in g _vacuu 18. A

t t toi - d t
method of manufact ur iRg & BEHPOHnakcisPuzactiriag & FaicRRICHOReg | 1
claim1, wgere Quﬁ@c@a@gnas clatashoUBl B A NGhIIET 2 B0 IR ther @ Che

surface of rst fous [ayer is made non-porous eat
porous layer and said second porous layer are formed by

anodization and selectively formed according to the

kind and concentration of impurities in the first

Substrate, a current density, the composition aﬁd
10 temperature of a chemical agént at the time of

anodization or a combination thereof.

) 14. A method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein after the
15 porous region is formed on one éurface of the first
substrate, said second porous layer is formed at an ion

projection range position by ion implantation.

15. A method of manufacturing a semiconductor
20 substrate as claimed in claim 1, wherein a side wall
surface of pores in the porous region is oxidized to
such a degreé that a porous crystal structﬁre remains
in the interior of the side wall before the non-porous
layer is formed.
25 |
16. A method of manufacturing a semiconductor

substrate as claimed in claim 15, wherein an oxide film



treatnment in a non-oxidizing atnosphere or in a vacuum moe
filmformed on the surface of said non- por ous Ia;“"l“”"lﬂl "ﬂmrﬂ!

19. A method of manufacturing a sem conductor subst¥ atce as
in‘claim17 or 18, wherein said non- gpg di zi ng at nosphere is
hydrogen, an inert gas or a m xture gas at nosphere thereof.

20. A method of manufacturing a sem conduct or substrate as cl ai ned
in claiml17 or 18, wherein said non- oxi di zi ng at nosphere includes a
smal | amount of Si. - 76 -

21. A method of feametaenuithey sideewaddn@fcithe pores indbhe suxrfaceciofi ned
in claiml, mhereln sai d non- orous layer is-formed by epitaxy on
the basis of a Sald porpys é'legéPi“eﬁl"Q‘tpli&n‘%’le yiicd ritys o pdﬁh@u§“|r§f€re 5
22. A nethod of nuf cturl%ﬁ %gg nductqr rate clalned
inclaiml, whef dShgfmoved be Fbﬁ?lpafgpﬁgﬁﬁ?ﬁﬁ qXF a ngl e
crystal |ayer f% gﬁgd by epltaxy on the basis of a crysta
orientation of ‘said first porous layer, and an oxide filmlayer

f or med 5 above said single crystal |ayer. 23. A net hod
of manufacturing a sem conduct or substrate as clainmed in claim?2l or

22, mh?reln said 1537, nﬁﬂmﬂ&hﬁus6fa%@hu&%EE%&iﬂb %pbbﬁﬁhohau%t%hng|e
crysta
substrate as claimed in claim 1, wherein said non-
porous layer includes a portion where the surface of

said first porous layer is made non-porous by a heat

10 treatment in a non-oxidizing atmosphere or in a vacuum.

18. A method of manufacturing a semiconductor
' substrate as claimed in claim 1, wherein said non-
porous layer includes a portion where the surface of
15 said first porous layer is made non-porous by a heat
treatment in a non-oxidizing atmosphere or in a vacuum,
and an oxide film formed on the surface of said non-

porous layer.

20 o 19. A method of manufacturing a semiconductor
substrate as claimed in claim 17 or 18, wherein said
non-oxidizing atmosphere is hydrogen, an inert gas or a

mixture gas atmosphere thereof.

25 20. A method of manufacturing a semiconductor
substrate as claimed in claim 17 or 18, wherein said

non-oxidizing atmosphere includes a small amount of Si.



SLIJL?%/:'[e as clainmed in (2:I4;ai 'r?1 rznit ggdZET \Arrzglrjgﬁ‘r:]t g;: gg goserrmﬂ“mlmulllulm

forned by epitaxy has a single crystal conmpound sem conductor®| ayer*
:25. A nethod of manufacturing a sem conduct @6 - substrate as cl ai ned
in claiml, wherein said non- 25 porous | ayer consists of a plurality of
| ayers different in electric conductive type or inpurity

" concentration. :

- 26. A method of manufacturing a sem conductor substrate as cl ai ned

“in claimi, V\,herel n £di-d A medhod of mapyfactarding @eSeioRPpdTIRTated i s

. reused. - 27. A nethod of nanufacturln%ta_sen1Qonductor
substrate as cI g,u,lpga:r,a‘:\:edaa ﬁ’\lﬁé-me\ﬂné'r”eﬂ;a&“brle rein Sadd AR f or

et oaCof hanut ReEPAnd rRro TR ShRdo Py eot¥S0RR e Hhsta gt
claim 26, wherei g__ygtgrle &ué’ltatito or%mgt% dLQ-:rurset“ dl%u%orﬂ%@ SES a process

of removing a resl por e poro s regl on-remnai ni ng after
separationgand a flattening process.

'22. A method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein said non-
porous layer consists of a single crystal layer formed
by epitaxy on.the basis of a crystal orientatioﬁ.of

10 said'first porous layer, and an oxide film layer formed

above said single crystal layer.

! 23. A method of manufacturing a semiconductor
substrate as claimed in claim 21 or 22, wherein said
15 non-porous layer formed by epitaxy is a single crystal

Si layer.

24. A method of manufacturing a semiconductor
substrate as claimed in claim 21 or 22, wherein said
20 non-porous layer formed by epitaxy has a single crystal

compound semiconductor layer.

25. A method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein said noh-

25 porous layer consists of a plurality of layers
different in electric conductive type or impurity

concentration.



15~ 29. A nmethod of manufacturing a sem conduct

substrate as clainmed in claim1, wherein said separ mllmmmm""m |”II|
conduct ed by any one of pressuri zi ng, tension, sheari*ng¢ wed

i nSertion, a 20 heat treatment, oxidatlies wave notion appllcatlon and
wire cutting or a conbination thereof. 30. A nethod of

manuf acturing a sem conduct or substrate as clained in claim1,
~wherein said second 25 substrate is nade of Si. 31. A
met hod of manufacturing a sem conduct or

- 78 - sub2ir. are metholdaiofe thanu falctunihg \sh @emmicondiut toecond

- Substrate is formed of an Si substrate, and an insulating filmis
~fornmed on at | esvybstretef ashelaimed iguicladss Ui, ovwhenedmieaid first

32. A nethod of nmanufacturing a sem conduct or substrate as cl ai ned
~in claim1, wheFBPst¥ate aftexdbeing sepggates ds Feugaded of a |ight
transnlsS|ve substrate. 10 33. A nethod of manufacturing a

~ sem conduct or substrate as clainmed in claim1, wherein said first

. porous Iay is of O re Qr. S |n hi,cknes 34. A
met hod of ufactur?ﬁg § E%g%€8n8§§ Ufaltut1fs™a semiconductor

substrate as claimed in claim 26, wherein a pre-
treatment for reusing consists of only a smoothing

process.

10 28. A method of manufacturing a semiconductor
substrate as claimed in claim 26, wherein a pre-
treatment for reusing comprises a process of removing a

' residual portion of the porous region remaining after
separation and a flattening process.

15

29. A method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein said
separating step is conducted by any one of
pressurizing, tension, shearing, wedge insertion, a

20 heat treatment, oxidation, wave motion application and

wire cutting or a combination thereof.
30. A method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein said second

25 substrate is made of Si.

31. A method of manufacturing a semiconductor



15 substrate as clained in claim1, wherein sald second |

| ayer has the highest porosity in the porous reglon

35. A nethod of manufacturing a sem conductor 20 substrédt e astcl alﬂé
inclaim1, wherein said porous regi eig consists of only two Iayers
of the first porous | ayer and the second porous | ayer.

36. A nethod of manufacturing a sem conductor 25 substrate as cl ai ned
in claiml, wherein said second porous ‘layer is of 1 pmor less in
t hi ckness. - 79 -

37. A nethod of smnﬁra@suasnglaimedi dongdedoy 1, wheredmhsaig segond ai ned
in claim36, wherein said second porous | ayer is of 0.5 pmor |ess

in thickness. subgtrate is fgrmad.pfhgn §i sbStEELE: '|ﬁ@daa§bn1conductor
substrate as cl m1l, wherein s ion is of 2

a n cl rous
pmor less in tHP§HgE§§n9 211" Holme nAaﬁeﬁ nﬁhﬁﬁf ring a

sem conduct or te,as chalned I n cIa|n11 wherein in the step
of forn1ﬁ8r£3°85f g pBP&H? I"ayer, after a porous |ayer of 1
pmor |essgthickness is formed, a surface side ' portion of said
porous | ayer is nmade non-porous to nake t he remai ni ng porous | ayer

0.5 pmor less thickgessa method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein said second

" substrate is formed of a light transmissive substrate.

10 33. A method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein said first

porous layer is of 0.5 um or less in thickness.

34. A method of manufacturing a semiconductor
15 substrate as claimed in claim 1, wherein_said second
porous layer has the highest porosity in the porous

region.

35. A method of manufacturing a semiconductor
20 substrate as claimed in claim 1, wherein said porous
region consists of only two layers of the first porous

layer and the second porous layer.

36. A method of manufacturing a semiconductor
25 substrate as claimed in claim 1, wherein said second

porous layer is of 1 um or less in thickness.



150 40. A semiconductor substrate manufactured 1 : .
of+ manuf acturing a sem conductor substrate as cl ai mn”ul"alllulﬂﬂ I
. * c L M s *

- 79 -

37. A method of manufacturing a semiconductor
substrate as claimed in claim 36, wherein said second

porous layer is of 0.5 pm or less in thickness.

5 38. A method of manufacturing a semiconductor
substrate as claimed in claim 1, wherein said porous

region is of 2 uym or less in thickness.

39. A method of manufacturing a semiconducéor
10 substrate as claimed in claim 1, wherein in the step of
forming said first porous layer, after a porous layer
of 1 pym or less thickness is formed, a surface side
! portion of said porous layer is made non-porous to make
the remaining porous layer 0.5 pm or less thickness.
15 |
40. A semiconductor substrate manufactured by a
method of manufacturing a semiconductor substrate as

claimed in claim 1.



