PROCESS FOR PRODUCI NG SEM CONDUCTOR ARTI CLE BACKGROUND 0F°'1"f3| ot =4

I"NVENTI ON Field of the Invention_ 5 Thi J 1POS
relates to a process for produci n]g a sem conduct or %ﬁuéﬁg Gnﬁs can
sui tably be used for producing a sem conductor device such as a

sem conductor integrated circuit, a solar cell, a sem conduct or

| aser device or a light emtting diode. 10 More particularly, it relates

to a process for PRO@EQQUﬁbﬁgpﬁoﬁﬁﬁkﬁ@ndﬁﬁ&@bNBﬁbTQheAﬁ@ﬁétks'ng a step
of transferring a semconductor |ayer onto a substrate.

Rel at ed Background Art - Sem conductor articles are popular in
terns of 15 sem conduct or wafers, sem conductor substrates and

vari ous seni corsigreroulaY i g St dNvENTXEN t hose adapt ed for

produci ng sem conduct or devices by utilizing the sem conduct or

regi on thereof midld ol ethes ethwentaiai or s for producing

sem conduct or devices. 20 Sonme sem conductor articles of the
type unders consiBeiatimrernvign Elatsemic mdurerss af@r ar r anged
on an insul ator. The technol ogy of formng a single crystal
silicon sem commiugingyersemicondusiontarticle ethat ecan 281 tably dse
silicon on insulator (SA) technology, which is w del y known.
Various resear diRedl gk RRQINGIHE 3 Semicondygknhidevire ruigh k|2

advant ages of SO that_cannot, be
semiconductor integrated circuit, a solar cell, a

semiconductor laser device or a light emitting diode.

10 More particularly,‘it relates to a process for
producing a semiconductor article comprising a step of
transferring a semiconductor layer onto a substrate.
Related Background Art

Semiconductor articles are popular in terms of

15 semico;ductor wafers, semiconductor substrates and
various semiconductor devices and, include those adapted
for producing semiconductor devices by utilizing the
semiconductor region thereof and those used as preforms
for producing semiconductor devices.

20 Some semiconductor articles of the type under
consideration comprise a semiconductor layer arranged
on an insulator.

The technology of forming a single crystal
silicon semiconductor layer on an insulator is referred

25 to aé silicon on insulator (SOI) technology, which is
widely known. Various researches have been done to

exploit the remarkable advantages of SOI that cannot be
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_2- achi eved by using bulk Si substrates that are used for

producing ordinary Si integrated circuits. The advant ages of the SO
t echnol ogy i ncl ude: 1. thé sase of dielectric isolation that
5 al l ows an enhanced degree of integration; 2. the

excel lent resistivity against radi ation; 3. a reduced
fl oati ng capaci tance that all ows a high device operation speed; 10

4. the om ssion of the well .f te t of
| atch up preveﬂFpﬁﬁvegnBY us1n8rghiﬂ 8k EUthratggst tltyéb%&%#ogigfﬁg 0
fully depleted ffec t f
éechnology Thgrggvgﬁnggggéﬁ %ﬁ EéCFﬁQgé% Fgggigggl%%e h?ﬁ%rgughly

i scussed in S

non- si ngl e- crygﬁgkﬁkaégggﬁgr ﬁbnggltegxghahogy lnCI%H %ﬁr|gﬂ, Jour nal of

Crystal Gowth, volune;63, {Ne edse of dleREctiag'i%@16¥$5@-that
In recent years, a nunber of reports have been 20 published on the SO

t echnol ogy fora@iewgdbagenhancedsubgtr@atas tihdlegearioeal i ze hi gh speed
operation and | ow power consunption for MOSFETs (I EEE SO conference

1994) . The process of panufchet exiced lantemesdisddotidcty againstdevi ce can be
significantly curtailed by using the SO 25 structure if conpared with
t he correspondiragiptdoass.- of manuf acturing a device on a bulk S
waf er because of the inplementation of a very sinplified device
3. a reduced floating capacitance that allows
a high device operation speed;
10 4. the om;ssion of the well forming step;
5. the effect of latch up prevention; and
6. the possibility of producing fully depleted
field effect transistors using the thin film
technology. The advantages of the SOI technology are
15 thorou;hly discussed in Special Issue: "Single-crystal
silicon on ﬁon-single—crystal insylators":; editedlby G.
W. Cullen, Journal of Crystal Growth, volume 63, No. 3,
pp. 429-590 (1983).
. In recent years, a number of reports have.been
20 published on the SOI technology for providing
substrates that can realize high speed operation and
low power consumption for MOSFETs (IEEE SOI conference
1994). The process of manufacturing a semiconductor
device can be significantly curtailed by using the SOI
25 structure if compared with the corresponding process of

manufacturing a device on a bulk Si wafer because of

the implementation of a very simplified device
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- 3- I sol ation step. Thus, the use of the SO technol ogy

can provide a significant cost reductlo% I n manuf acturing a

sem conduct or device particularly in terms of the wafer cost and the
process cost if viewed 5 fromthe conventional technol ogy of

manuf acturing a MOSFET or an I C on a bulk Si substrate, to say

not hi ng of the remarkabl e performance of such a sem conduct or

devi ce. 1solaa:10rf'*£'lj, de&lrgfﬁed PR ¥ SnesoPHUBR

achi evi ng hi gh speed operation an ow power consunpt 1 on |4 pr OVI ded

wi th inproved gn/ ﬂ&@%ﬁé a signifERMNHAldost Reakidiiod &, threshol d vol tage
(Vth) of a Is determned as a function of the inpurity

concentration Qfariu&%dth rnah & el iMdraiotd ddadaartiulafia fl ly
depl eted (FD) MOSFET, the aracteristics of the depletion layer is

i nfluenced by tdagmSOoff ith8 wafer dd¥te iRt thel iy cddte iF0vidvad

t hi ckness has to be rigorously controlled in order to inprove the
yield of 5 £ oo e ioonventiSirml t2@hnology of Meanuwddteirimglevi ce
formed on a conpound sem conductor shows a remarkabl e | evel of
per f or mance MOSFHThatr canridl dre sepadt & fsubmigidtiecontpardy awtringin
ternms of high speed operation and |ight em ssion. Such devi ces are
currently formef Bhensanadifakds menfarmagrge ofypighh B reaicansbiakpT

sem conduct or substrate that may be nmade of GaAs or a simlar
conpound. HoweP&Vice. conpound seni conductor substrate is costly and

Fully depleted MOSFETs are very promising for

10 achieving high spegd operation and low power
consumption if provided with improved drive power.
Generally speaking, the threshold voltage (Vth) of a
MOSFET is determined as a function of the impurity
concentration of its channel section but, in the case

15 of a f;lly depleted (FD) MOSFET, the characteristics of
the depletion layer is influenced,by the SOI film
tpickness. Therefore, the SOI film thickness has to be
rigorously controlled in order to improve the yield of
ménufagturing LSIs.

20 Meanwhile, a device formed on a compound
semiconductor shows a remarkable level of performance
that cannot be expected from silicon particularly in
terms of high speed operation and light emission. Such
devices are currently formed by means of epitaxial

25 growth on a compound semiconductor substrate that may

be made of GaAs or a similar compound. However, a

compound semiconductor substrate is costly and
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-4- mechani cally not very strong so that it is not adapted
t-o produce a |l arge wafer. Thus, efforts have been made to
forma conpound substrate by heréﬁbfépitaxial grow h on an Si wafer

5 that is inexpensive, nechanically strong and good for produci ng a
| ar ge wafer. Researches on form ng SO substrates becane
remarkable in the 1970s. Initially, attention was paid to the

t echni que of prodyci ingle crystal_.silico 0; [ [ h on
a sapphire subé‘ﬁ‘%ﬁ%’%’gﬁ?F c%en}f 51_5,}3,%991 ésl?;lpp al“%e t J?%a%ggfé‘%?%g%%vit ng an
SA structure 4 r&&Ué&Kg\ié% e it ion by porous oxidized silicon

(FIPOCS) and the oXygen i1on inplantation technique. The FI POS net hod

conprises steps of formigs anetfbAlathNs bden mddPerS £bANCA 8BmBoindype
single crystal Si substrate by proton/ion inplantation (Imai et al.,

J. Crystal sUBWdve W - hddedediiB3)d]1 Qfrdytiepbh axh abi gwvapeh and

patterning, transformng only the P-type Si substrate I nto a porous
substrate 9y angditzaid oinéspaisife, dechancdlbn, sthomy dang gbed Storsl ands
fromthe surface, and then subjecting the Ntype Si islands to
dielectric prodatinig can ayrgeceafenmt ed oxi dation. This technique is,
however, acconpani ed by a problemthat the isolated Si region is defined
before the process of Reskemrches @b foxtwing s30T csukstratestbectmeedom of
devi ce desi gn. The oxygen ion inplantation nethod is al so
referred to t hesanbablke hti@l,thmﬂ:wgﬁs &@bb%gﬁliby xttention was paid

to the technique of producing single crystal silicon by
10 epitaxial growth on a sapphire substrate (SO0S: silicon
on sapphire), that of producing an SOI structure
through full isolation by porous oxidized silicon
(FIPOS) and the oxygen ion implantation fechnique. The
FIPOS method comprises steps of forming an islanded N-
15 type Sl layer on a P-type single crystal Si substrate
by proton/ion implantation (Imai et al., J.Crystal
Growth, Vol. 63,547 (1983)) or by epitaxial growth and
patternihg, transforming only the P-type Si substrate
into a_porous substrate by anodization in an HF |
20 solution, shielding the Si islands from the surface,
and then subjecting fhe N-type Si islands to dielectric
isolation by accelerated oxidation. This technique is,
however, accompanied by a problemlthat the isolated Si
- region is defined before the process of producing
25 devices to restrict the freedom of device design.
The oxygen ion implantation method is also

referred to the SIMOX method, which was proposed by K.
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- 5- lzum for the first time. Wth this techni que, oxygen

ions are inplanted into an Si wafer to a concentration | evel of
10[err] to 10[err]/cnferr] and then the3 atter is anneal ed at high
tenperature of about 1,320[err]C in an argon/oxygen 5 at nosphere. As
a result, the inplanted oxygen ions are chemcally conmbined wwth Si
atons to produce a silicon oxide layer that is centered at a depth

correspondi ng tot ection ra Ianted i ons.
Under this condif¥™n tam "'ll}t?pe{“{ﬁ) 3t (53518 of Q?’n*ég 3*2’0%16%0 e, I%’é?el't‘hat i's
turned into an armrphous st.at

recrystallized i 5‘Sp cié“palan%ea/ lrgiongqn Si ?é/ergleﬁo |%y%$£9° # f%n‘é' >
surface Si Iay(i vel of lbiedtcg Olélb}e)% eﬁ'ﬁ{ aét?e afa@t':egp ﬁ% anne

10[err]/cnferr], icar devel opnent

possible to 15 £Js r@&&@mﬁ&@bﬁvta&%

r# Mygen
selecting a rate o oxyge antation of about rr]/c err].

Hovever, tse ala!t%e@éghezr@ngmé)fa PRk, the i st @Wgéxhaio@é 408
|rrplantat|on are limted if the filmaquality of the Si oxi de |ayer

and the 20  cHerSlcd1liyidombindd GristH fSiC eatimd Ay pPsdudd® Hesiel doh 0
respective desired |l evels and hence the fil mthickness of the

surface Si | ayexislad ldair dfhdthel hwerettbr®d axt de depth cdB3spdmdimg oxi de)
| ayer are allowed to take only limted values. 1In other words, a
process of sacrid ithe @%jectubordatange diRphiahxthke implanted iomisspensabl e
to realize a surface Si |ayer having a desired film

t hi ckness. SucWrdley dddss aandikirnyi &I YORRY tRPrtion of the Si oxide

10 layer that is turned into an amorphous state by the
oxygen ion implantation is recrystallized to produce a
single crystal Si layer. While the surface Si layer
used to show a defect rate as high as 10°/cm?, a recent
technological development has made it possible to

15 reduce the defect rate down to about 10%/cm? by
selecting a rate of oxygen i@plantation of about
4x10'/cm?. However, the allowable range of energy
infusion and that of ion implanfation are limited if
the film quality of the Si oxide layer and the

20 crystallinity of the surface Si layer are to be held to
respective desired levels and hence the film thickness
of the surface Si layer and that of the buried Si oxide
(BOX; buried oxide) layer are allowed to take only
limited values. In other words, a process of sacrifice

25 oxidation or epitaxial growth is indispensable to
realize a surface Si layer having a desired film

thickness. Such a process by turn gives rise to a



- 6- probl em of uneven filmthickness due to the intrinsic

adverse effect of the process. There have been reports saying
t hat SI MOX can produce defective & ~oxi de regions in the Si oxide 5
| ayer that are referred to as pipes. One of the possi bl e causes of

t he phenonenon may be foreign obj ects such as dust introduced into
the layer at the time of ion inplantation. The device produced in a

pi pe region cag éﬁﬁﬁhdsgrﬁﬁg@eﬁhéﬁﬁﬁt%ﬁ&ékhe§sdaﬁetQo $0e ibkeiheak current
ve aye an t he

bet ween the acPf yer underlying substrate.

The SIMOXX t echpjsguesbnueleyes betHaepebeaskar ge vol ume of ions that
Is by far greater tﬁan t he vol une used in the ordinary sem conduct or

process and hence 15 ghihe hakel BBeANkapbeftsPEageny fhutt SIBOX cang tine
if a specifically designed apparatus is used for it. Since

the ion inpl anpebhgeeptesestive Ber baidedreyional lin khe Si oxideans of
raster scan of an ion beam show ng a predeterm ned flow rate of

el ectric eurrenayer hat?@re referzaddngoansi pipesam Oae ofg thene may be
required for processing a |large wafer. Additionally, when a | arge
waf er is procepossibilehicgusesmodr dher phenomeniony may be for@digd®n due to an
uneven tenperature distribution within the wafer can becone very
serious. Sincedbject2s suchSaORustodadzrodeged dationdhesdayere gt &8 nary
hi gh tenperature that is as high as_1,320[err]C which is not
observed in th&igediofadprsiimpdandetdes-or Thepbeydcs jproduced in a

pipe region can show degraded characteristics due to
10 the leak current between the active layer and the
underlying substrate.

The SIMOX technique involves the use of a large
volume of ions that is by far greater than the volume
used i? the ordinary semiconductor process and hence

15 the ion implantation process may take a long time if a
specifically designed apparatus is used for it. Since
the ion implantation process is performed typically by
means of raster scan of an ion beam showing a
predetermined flow rate of electric current or by

20 spreading an ion beam, a long time may be required for
processing a large wafer. Additionally, when a large
wafer is processed at high temperature, the slip
problem due to an uneveh temperature distribution
within the wafer can become very serious. Since the

25 SIMOX process requires the use of extraordinary high
temperature that is as high as 1,320°C which is not

observed in the ordinary Si semiconductor process, the
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-7- probl em of uneven tenperature distribution wll becone

more serious if a large wafer has to be 'yrepared unl ess a highly
effective apparatus is not realized. =~ - Besi de the above
descri bed known techni ques of 5 formng SIO a technique of bonding a
single crystal- Si substrate to another single crystal Si substrate
t hat has been thermally oxized to produce an SO structure

h b d . Thi d ' .
ras, been pr oposedtegend Yundils, TELROLLER St Peurion wiIE Blclle. o
It. Mre Spec'nidzcéﬁ"éé’rih&s if aS1dhE vféé’éf Has +SU08! hAESaLOA! uhPe S

thick as severa undreds m croneters has to be de"as thin as

sever al ' m r L6558 FEct Ll gyesrbaye-8gen known
for thinning arg'sﬁllg e%rifsféaclz Jg‘iséla}'ﬂl?/igegr t hat i ncl ude];r 1SZ (1)

pol i shing, _ Beside tKEAbdNadEsstbéddkAdfin techniques of (3)
sel ective etching. It is difficult to achieve an even film

t hi ckness 8y nems¥snitig t41EO pod | &g Gee "of pending la sPAgleabpyetal si
Particularly, the nean deviation in the film t hi ckness can be as
| arge as tens cfulsebratd peramothén single nekestdk Skchubgtieataf ehstbl e
when the filmis thinned to an order of sub- mcroneter. This problem
will becone rms beamribEdimally owized tavingduce aageSOR5Sstrdchmeeer .
The technique of (2) is typically used in conmbi nation with that of
(1). Mre specilfdasdiegn pyrposed recently. This method requires the

use of an active layer having an even thickness for the

10 " devices to be formed on it. More specifically, a
single crystal Si substrate that is as thick as several
hundreds micrometers has to be made as thin as several
micrometers or less. Three techniques have been known
for thinning a single crystal Si layer that include:

15 (1) polishing,

(2) local plasma etching and

(3) selective etchin97

It is difficult to achieve an even film
thickness by means of the polishing technique of (1)

20 above. Particularly, the mean deviation in the film
thickness can be as large as tens of several percent to
make the technique unfeasible when the film is thinned
to an order of sub- micrometer. This problem will
become more remarkable for wafers having a large

25 diameter.

The technique of (2) is typically used in

combination with that of (1). More specifically, the



- 8- filmis thinned by neans of the technique of (1) to

about 1 to 3[err]mand the distribution _of filmthickness S

determ ned by observing the filmthi ckn&s at a nunber of points.
Then, the filmis subjected to an 5 etching operation where the filmis
scanned with plasm of SF6 particles having a dianeter of several
mllimeters, correcting the distribution of film t hi ckness, until a

desired filmt ?hln ' 9? [ er. é}gﬁ;&&e rHep t hat the
di stribution o?l [ %%Si%ﬁ t(fcﬁngf?gncsar?fbeéﬁéor% ne t%éﬁ (6:1@03{& 10nm or

| ess by %%?%S 10fed B T Ul @i SRR R or] 195 ANGE &3S dich

acconpani ed byaa rawback #ﬁht, | f foréﬁgn objéé%s are pré?gat on

the substrate iR HRraiR HRACHSE®Eng the fAUh RGildMGYLHR £1 Chi ng,
t hey operate as so nany 15 etching masks to produce projections on the

substrate nunbeen df oAy .Ng TeReY, attheN fidn0\isy subjected to an
Additionally, since the substrate shows a coarse surface i medi ately

after theset chietghdpey aiperation whera tuhec Fidml iishistgroee) atiitin glassni=0 be
conducted on the 20 surface after the end of the plasnma etching and the
operation is coft ISF| pdrbatyesnhaeing af diameleracfoseveral  Then, again
the probl emof deviations in the film . thickness due to polishing
arises. Still &ddiliimetgns, correctizngydihssfiigfFridariiony sifcdflilym cont ai ni ng
colloidal silica_ 25 is used for the qpoI.i shing operation and hence the
| ayer f SFhiplness anndddi @e degjiaed £idm ddbigknassyjad aptained. '
pol i shing agent so that a crushed and/or distorte . . .
There has been a report that the distribution of £ilm
10 thickness can be cgnfined within about *10nm or less by
means of this technique. However, this process is
accompanied by a drawback that, if foreign objects are
present on the substrate in the form of particles
during the plasma etching, they operate as so many .
15 etching masks to produce prdjections on the substrate
when the etching operation is over.
Additionally, since the substrate shows a
coarse surface immediately after the etching operation,
a touch-polishing operation has to be conducted on the
20 surface after the end of the plasma etching and the
operation is controlled only in terms of its duration.
Then, again the problem of deviations in the film
thickness due to polishing arises. Still additionally,
a polishing agent typically containing colloidal silica
25 is used for the polishing operation and hence the layer

for making an active layer is directly scraped by the

polishing agent so that a crushed and/or distorted



T

| ayer may be produced. The throughput of the process can be
significantly reduced when | arge wafers are treated because the
duration of the plasma etching Gpgrétion is prolonged as a function
of the surface 5 area of the wafer being processed. The
techni que of (3) involves the use of a film configuration for the
substrate to be thinned that conprises one or nore than one film

| ayers adapt ed 38 erlda@elt.Chith@g tEYouHTY ®f agn!Prddils a
Plerr]-Si 10 l%?ﬁlrn“ﬁagyer ont al r?i ng boron b)? nore than 10[%]/cr§[ err]

and a P- bupepel shilginl #1213 SiRdRd WHHOW SRR fetd Yardh 2

P-type substrate by neans of epitaxial growh to produce a first

substrate, whi ¢ghelatedhdedaur@edhed quration S Ak plhainateonidy an

i nsul ation | ayer interposed 15 t her ebet ween, the insulation |ayer being
typically an opera®iiote ifs pfiolangeidhals tshefurestri surdfacheofsurada r st
substrate is nmade sufficiently thin in advance by scrapi ng and

pol i shi ng5 Subsegacwoifl thet hafler [bejieyg pgrocessedwade t o becone exposed by
selectively etching the 20 overlying P-type layer and then the P-type
substrate is mad&heo teshoviguex 8fs d@ oyinvlstas vidig wae @ tfhiclop+-

| ayer to produce an SO structure. This technique is _ di scussed in
detail in a reponfigproddon forwthe subgirafe, tg bethdnmathdhatoc., Vol .
138,341 (1991)). 25 VWil e the sel ective etchiqg techpi que is
effective for FPIRFLSSF £NEnidF MALR Fhar gl jhayers daﬂ‘?ﬁ%k ss, it

's acconpani ed s@ietc ?.v%r %\(g%%%gsg.as For example, assume that a P'-Si

10 thin layer containing boron by more than 10¥/cm® and a
P-type Si thin layer are made to grow sequentially on a
P-type substrate by means of epitaxial growth to
produce a first substrate, which is then bonded to a
second substrate with an insulation layer interposed

15 thereb;tween, the insulation layer being typically an
oxide film, and that the rear surface of the first
substrate is made sufficiently thin in advance by
scraping and polishing. Subsequently, the P'-layer is
made to become exposed by selecfively etching the

20 overlying P-type layer and then the P-type substrate is
made to become exposed by selectively etching the P'-
layer to produce an SOI structure. This technique is
discussed in detail in a report by Maszara (W. P.
Maszara, J. Electrochem. Soc., Vol. 138,341 (1991)).

25 While the selective etching technique is

effective for producing a thin film with an even film

thickness, it is accompanied by the drawbacks as



- 10 - I dentified bel ow. -- The selective etching ratio
IS not satisfactory and wi Il be a® l-ow as 102 at nost. -- A
t ouch-pol i shing operation is required to snooth 5 the surface after the
et ching operation because of the coarse surface produced by the

et chi ng operati on. Therefore, the filmthickness can | ose the
uniformty as it is reduced by polishing. Particularly, while the
pol i shi ng oper d0ep#iifdegdomelem-ed by the duration of 10 the operation,

it is difficult to rigorously control t he operation because the

pol i shing rate cam &Sy selectivg ghaidghmaFiq dff dfe IF-HSERETOMUS, this
pr obl em becones unng%;n %)ble qﬁﬁn forn1ng an extrenely thin SO

| ayer that is égdtW%&laQQL oW meRk- produced SO | ayer can show

a poor cryst i n e ta the use.aof a filmfarm
t echni que that inAvo "5?‘9?#1 SRR ISR i l‘gqull‘ed1 %o  Smooth
het er o- epi_t axi

h B.
Addltlonalsl y, t E B bg\r%@(#%é: it ae(?e éh%%rt&{'&lgnlo%e & lo cei)eén%ilé%ow a (?eg'; ee

f th t | Si
ater e E¥age, syrrach R i e f’*&‘é b ik 7
(1991), H Baumgarkrdle, althe @ﬂﬁﬂ@t@ﬂcﬂ@gs@@arpflo%@the pnd ddoinbley

| nt ernati onal Symposi um’of Wafer Bondi ng, pp-733 (1991), C E Hunt ,
Ext ended Abstragt i¢f iECoddudda by polilsHigiglat lnaiaﬂm‘aam@r UReraf1 SN&dHRY
Bondi ng, pp-696 (1991)). Sti I | additionally, there is a problemthat

polishing operation is controlled by the duration of

10 the operation, it is difficult to rigorously control
the operation beca&se the polishing rate can vary
significantly from time to time. Thus, this problem
becomes unnegligible when forming an extremely thin SOI
layer that is as thin as 100nm.

15 -- The produced SOI layer can show a poor
crystallinity due to the use of a‘film forming
technique that involve ion implantation and epitaxial
or hetero-epitaxial growth on an Si layer that is
densely doped with B. Additionally, the bonded surface

20 of the.substrate may show a degree of smoothness that
is inferior relative to that of a conventional Si wafer
(C. Harendt, et al., J. Elect. Mater. Vol. 20,267
(1991), H. Baumgart, et al., Extended Abstract of ECS
first International Symposium of Wafer Bonding, pp-733

25 (1991), C. E. Hunt, Extended Abstract of ECS first

International Symposium of Wafer Bonding, pp-696

(1991)). still additionally, there is a problem that
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the selectivity of the selective etching techni que heavi |l y depends on
the concentration difference anong - 11the inpurities such as boron
contained in the substrate and the steepness of the concentration
profile of the 5 impurities along the depth of the substrate.

Therefore, if the bonding anneal is conducted at high tenperature to
| nprove the bonding strength of the | ayers and the epitaxial growh
is carried outthksseadtctivityhbfhthenpelachivet etehimgc dechaiguestal linity
of the 10 SO layer, the concentration profile of the inpurities

al ong the dept hebwidgedepeatsenadthe rengentrpdion differencey amPne t he
etching operation. Sinply stated, the i nprovenent of the _etching

sel ectivity antheepmpurities; gachofst ReTepy SORMELREG) ignFhenh SubFicddhent
of the 15 bondi ng strength are conflicting requirenents_that

cannot be net éPdtﬁges§ﬁ§ePPﬁ§$ of the conce%trﬁgﬂéV‘Fﬁﬁgﬁlﬁ Cluttt®nces,

the inventors of the . resent .inyentio ropesed novel nethod of
manuf act uPi ng &mQBﬁFE&ﬁ§u€98B9aF£FCF@pxﬁ ?gbgﬁpsggﬁﬁira%epatent Appl i cation
Lai d- Open No. 5-21338. According ta. e i td .Qposed
method i s char E‘E‘FEF' ?E&'bﬁ%ot%e %Oggrlr'f)lpi ?Pﬁlg?tas é‘p%l 0 dfug{r%r%i\%q:ag{l icle by
arrangi ng a 0 ' C t 1) m%ﬁh 0@ On a
porous single 'EWEF%%@?% t:éo%_ngh‘g’?lg?’er _Eetélﬁo%l,ont?g'n ing t 25 surface of a
mat eri al Carryhg& 33 ihauhad RYiFRLeEhagrowth id RRHEARd Guth@lso at
correspondi ng su F%ce of sald porous single crystal sem conduct or
region and subgggueRlmperature to enhance the crystallinity of the

10 SOI layer, the concentration profile of the impurities
along the depth be;omes flattened to reduce the
selectivity of the etching operation. Simply stated,
the improvement of the etching selectivity and hence
that of the crystallinity and the improvement of the

15 bondinb strength are conflicting requirements that
cannot be met at the same time.

Under these circumstances, the inventors of the
present invention proposed a novel method of
manufacturing a semiconductor article in Japahese

20 Patent.Application Laid-Open No. 5-21338. According to
the invention, the propdsed method is characterized by
comprising steps of forming an article by arranging a
nonporous single crystal semiconductor region on a
porous single crystal semiconductor region, bonding the

25 surface of a material carrying an insulating material

thereon to the corresponding surface of said porous

single crystal semiconductor region and subsequently



- 12 - renovi ng said porous single crystal sem conduct or

rregi on by et chi ng. T. Yonghara et al. who are the inventors
of the present invention also reported a bonded SO that is 5
excellent in ternms of even filmthickness and crystallinity and
adapted to batch processing (T. Yonehara et al., Appl. Phys. Lett.
Vol . 64, 2108 (1994)). Now, the proposed nethod of manufacturing a

bonded SO wi | hoh8veHgBALAYpEESGS Befghel ewybyallBenitohductog to FIGS. 3A
t hrough 3C of the acconpanyi ng dr awi ngs. The proposed

met hod uses a pegoBh bgyetching. formed on a first Si substrate 41 as a
| ayer to be sel ectively etched. After form ng a nonporous single

15 crystal Si |ayer #3 wontharpoetusllaybp azepbghepinygpgprs of thgrowt h,
it is bonded to a second substrate 44 with an Si oxide | ayer 45

i nt er posed t hepebsemeednyBhGionAplso reportedna bradpdr §G3 Shatayér is nade
to beconme exposed over the entire surface area of the first

substrat eSby e8celleptaphngesms pfheeVphsEidmpdhigkaessonPtne rear side
(FIG 4B). The exposed porous Si is then et%hed out b . means of a
sel ective et chFrys¥aLairadky: ppAcadppted to befph, preRGsRERI(T-

oper at i on of cYEHERGEPREE 25- ABBLoUENER - I3EE T Vel 045 atBhe bul ks
ggyﬁLndreds o§??ﬁ§§§ ﬁ35§§§§L%PC{ §%§%5§§q5§¥%%ﬁe%%”m%%u¥§@%u§ingigh
bonded SOI will be summarily described below by
10 referring to FIGS. 3A through 3C of the accompanying
drawings.

The proposed method uses a porous layer 42
formed on a first Si substrate 41 as a layer to be
selectively etched. After forming a nonporous single

15 crystai Si layer 43 on the porous layer 42 by epitaxial
growth, it is bonded to a second §ubstrate 44 with an
Si oxide layer 45 interposed therebetween (FIG. 4A).
Then, the porous Si layer is made to become exposed
over the entire surface area of the first substrate by

20 scraping off the first substrate from the rear side
(FIG. 4B). The exposed porous Si is then etched out by
means of a selective etching solution typically
containing KOH or HF+H,0, (FIG. 4C). Since the
selective etching ratio of the operation of etching the

25 porous Si layer relative to the bulk Si layer
(nonporous single crystal Si layer) can be made as high

as hundreds of thousands with this technique, the
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r

nonporous single crystal Si layer forned on the porous
I-ayer in advance can be transferred ont@gthe second

produce an SO substrate w thout reducing t he thickness of the
nonporous single crystal Si layer. 5 Thus, the uniformty of the film
the SO substrate is determ ned during the epitaxia

t hi ckness of
grow h

step. According to a report by Sato et al., since a

substrate to

CVD syst em adagbagorouansengileacyyseailcsidlayer formess on the poaoue used
for the epitaxial growh, a degree of 10 uniformty of the film

t hi ckness as
epitaxial S

higheasihO@drpece] 28n be traovsfepeoedesintoedheAdgiconghal |y,

| ayer shows an excellent crystallinity of about

3.5x10[ err]/ cnpebsktrate to produce agj 04 sHbsixiade Withpuds rgfucing

conventi onal

sel ective etching techni que heavily depends on the

concentration #hef shagkaessord the repeprouss sivwls segstal Si jlaver

substrate and the steepness of the caoncentration Erofile of the

&5 Hgﬁiéﬁﬂbe, t he

i npuritie8 al

oRBushe theptpidprmidy of thegfgdm fhdckn

t he

15

Ser 1O Uty SRR b S B
PEep 1y ALRERARD B el rabbrt R o a1 AMAE TONE
D e R A i
the heat treatggﬂtbESu%ggsi%?a§%%ggg?%a§ﬂgh Yrowth, o GRS dd mtation

and tenperature as hig

because the i
t hat tenperat

10

15

20

25

uniformity of the film thickness as high as 100nmt2%
can be realized. Additionally, the epitaxial Si layer
shows an excellent crystallinity of about 3.5x10%?/cm?.
Since the selectivity of any conventional
selective etching technique heavily depends on the
concen%ration difference among the impurities contained
in the substrate and the steepnes§ of the concentration
profile of the impurities along the deptﬁ of the
substrate as described above, the tempergture of the
heat treatment (for bonding, epitaxial gfowth,
oxidation and so on) is limited to as low as 800°C at
most because the impurity concentration profile becomes
flattened-above that temperature limit. On the other
hand, the etching rate of the proposed etching
technique is mainly determined by the structural
difference between the porous layer and the bulk layer

so that the heat treatment is not subjected to such a

rigorous limitation and temperature as high as 1,180°C
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- 14 - can be used. It is known that a heat treatnent process
conducted after the bonding operation cayy remarkably | nprove the
bondi ng strength between wafers and reduce t he size and nunber of
voids given rise to on the 5 bonding interface. Additionally, with a
sel ective etching operation relying the structural difference

bet ween the porous | ayer and the bulk |ayer, the uniformty of the
filmthickness dah e @ selty is knowmnfthect cal Hat | treegtmént| msoddss can
be adhering to the 10 porous Si |ayer. However, a

sem conduct or subslucitesi tafter the bqndichg expdratiyn ofam bemairkaply ocess

I nevitably requires at |least two wafers as starting materials, one
of which is subistpamivenlthe izondihqatrengthdetwgar wifeds angoredddag and
etching to consune the limted natural resources al nost for nothing.
| n ot her words,theh s§@e and numhgnfek(RIdR) PHrRsEIse Fe@ERrERto realize
| ow cost and economc feasibility in addition to an enhanced

degree of Sroc®Gng fntenfacey AL Ked1Y 2 selpFbivRty of the.
filmthickness. ., Dfferently stated, the r Lrenents of a
process for nmaffRERE (IRELEHYH TRAI1Y éﬁ‘ %avﬁ‘é‘f”?‘é’f%l gﬂy}fe’i’%@%de an
excel | ent repraoducibilit an_enhanced | evel : of., resource savin
capability tﬁr 3‘1?5‘1’{’%% ?gépe%?re?f% SYSs am?o’fh%_ %‘élnl% }/\%’f’%’?' and | ow °

manuf act uring GQste

: . . { SHELL S 1 { S YIEE i nventors
of the preserﬂrn}lnt\?én?flo%hedifslcfiﬁc])gg{d]: I'n ap%%ese a eénfsg;'ﬂ?

affected by fine particles that can be adhering to the
10 porous Si layer.

However, a semiconductor substrate to be
produced by way of a bonding process inevitably
requires at least two wafers as starting materials, one
of which is substantially wasted away in the course of

15 polishing and etching to consume the limited natural
resources almost for nothing. In‘other words, an SOI
maéufacturing process is required to realize low cost _
and economic feasibility in addition to an enhanced
degree of process controllability and an improved

20 uniformity of the film thickness.

Differently stated, the requirements of a
process for manufacturing a high quality S0I substrate
include an excellent reproducibility, an enhanced level
of resource saving capability through the repeated use

25 of a same wafer and low manufacturing cost.

Under such circumstances, the inventors of the

present invention disclosed, in Japanese Patent



- 15 - Appl i cation Laid-Open No. 7-302889, a process for
produci ng a sem conductor substrate in wych two substrates are
bonded t oget her and t he bonded substrates are separated at the porous
| ayer and the 5 separated one substrate is reused after elimnating

t he remai ni ng porous |ayer. An exanple of this disclosed

process is explained by reference to Figs. 5A to 5C A
surface |ayer ofppailddtStorSiLafildrTgei Nl 7-802889, radarquyssIsEd® form
porous | ayer 52, and thereon single 10 crystal Si layer 53 is forned.
Thi s single cryaicaludSing a semiapiuction s trstteSiirs wisiiahattavo s bonded to
the main face of second Si substrate 54 with interposition of

i nsul ati on | ayeubEkrdtieas 64 bonded ttogetkifesr argl the borgigshrated at the
porous |ayer (Fig. 5B). The bared 15 porous Si |layer on the second
substrate surfssdstrates anemeparat@de @t wie parqus rhayesand e rat e

(Fig. 50. First substrate 51 can be used again after renoval of
t he poroud | ay@eparated one subsypphehdsFpusest afdar gLainading heanese
20 Patent Application Laid-Open No. 7-302889, the substrates is

separated by ufiSMEANRG ROTNUS thayifdss St exampleg |of JHR AIFFERRE | ayer

I n conparison with the . nonpor.ous silicon |layer, enghlin euse of
the U SHOHESR fse SRRIFIGE SO TSARRRRS: Heigsn oh 78 51 oduct i on
process to | ower the pr oducttla%ré Q3 irst Si glu%os nese F?f ent

Application Laid-Open i S ayffsé’fs adifscﬁ 05€s a process im Wit ch a

sem conduct or made porous to form porous layer 52, and thereon single
10 crystal Si layer 53 is formed. This single crystal Si
llayer on the first Si substrate is bonded to the main
face of second Si substrate 54 with interposition of
insulation layer 55 (Fig. 5A). Then the wafer is
separated at the porous layer (Fig. 5B). The bared
15 porous'Si layer on the second substrate surface is
removed selectively to form an SO{ substrate (Fig. 5C).
First substrate 51 can be used again after removal of
the porous layer.
. In the above process disclosed in Japanese
20 Patent Application Laid-Open No. 7-302889, the
substrates is separated by utilizing the brittleness of
the porous silicon layer in comparison with the
nonporous silicon layer, enabling reuse of the
substrate once used for semiconductor substrate
25 production process to lower the production cost.

Japanese Patent Application Laid-Open No. 8-

213645 discloses a process in which a semiconductor
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- 16 - . layer is forned, on a porous silicon |ayer, for
phot oel ectric conversion portion of a-sebar cell and t he

sem conductor |ayer is |ater separated at the porous | ayer to reuse
t he substrate having the porous 5 silicon | ayer. On the
ot her hand, Japanese Patent Application Lai d- Open No. 5-211128

di scl oses anot her process for separation of a substrate w thout

enpl oyi ng suchlayer is forwed, sphleoporaygrSIﬂnCPnléaﬁﬁﬁbe§§r a bubbl e

| ayer 10 is formed in a silicon substrate by ion inplantation,

crystal rearr apbetesleatttibubbnyersipas pertaonr ©fc ausedar celli @nthe bubbl e
| ayer by heat treatnent, and the surface regi on of the silicon
substrate (cal the gempranductors davesndsc Later ﬁﬁP@??Fﬁﬁwaﬁbéﬁmbff at the
bubble 15 | ayer. The thin sem con cto f|| %P h|s Lsclosure

means an outerHB§Pu?e§P8ﬁroF° TRUSR PO dwd U B AMt ed i ons

are presenpt. ver ulk Si wafers are knomn to have i nherent
def ects sdch a§ 8®hp BYEFn defects (T. Abe: Extended Abst.

Electrochem Soc. 20 o, SpELNGRG! kil Volpdicke PR (¥t kAAYY and

crystal originated parplcles

Lar ge- Di anet er er's. tlasU'd&rsfalgs%@ th E%msoqsbxcollage
(August, 1996)L§#h 8¥§ tﬁezﬁﬁ In sen1§%ﬁhué?5r filmnaturally has

the flow patt °Lap a%itloﬁet:%cras Ribsitha te ¥akMNoud! idigldyathg dddie|£5.
If the sem conducCtor filmcan be separated from the silicon
substrate w t hgatole shheWopatitager .defieCtthis process, a bubble layer

10 is formed in a silicon substrate by ion implantation,
crystal rearrangemént and bubble coalescence are caused
in the bubble layer by heat treatment, and the surface
region of the silicon substrate (called a thin
semiconductor film) is stripped off at the bubble

15 1ayer.‘ The thin semiconductor film in this disclosure
means an outermost region of a bu%k Si where no or few
implanted ions are present. ﬁowever; bulk Si wafers
are known to have inherent de%ects such as flow pattern
defects (T. Abe: Extended Abst. Electrochemn. Spc.

20 Spring.Meeting, Vol.95-1, pp.596 (May, 1995)) and
crfstal originated particles (H. Yamamoto: "Problems in
Large-Diameter Silicon Wafer", 23th Ultra Clean
Technology Collage (August, 1996). Therefore, the thin
semiconductor film naturally has the flow pattern

25 defects or the crystal originated particles.

If the semiconductor film can be separated from

the silicon substrate without the flow pattern defects
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- 17 - or the crystal-originated particles, practically usefu

sem conductor material can be provided ay Low cost differently from
t he af orenmenti oned processes enpl oyi ng t he porous silicon. In view of
t he above problens, 5 after conprehensive investigations, the present

i nvention has been acconplished. SUMMARY COF THE | NVENTI ON

An object of the present inventionis to 10 provi de a process for
produci ng a segrcenduecrpstaltbriginated peohpelesngpaastépadblybvrAefnd two
substrates where a part of the substrate is reused as the materi al
for the semfitonduotovr matertpd. can be provided agcdPHi ASto an aspect
of the present 15 I nvention, there is provided a process foi grodUC|ng
a seni céh@ferentdyt frpe §bﬁpﬁf§?ﬁ@e§FéB§e€fPEP@ﬁﬁ?Fﬁgeﬂp OYing fj st
substrate conprised of a silicon substrate, % g

seni conduct or theePOreHfe8idhCPRe siPi ¥oEW © thesﬁBQY BEO ;ﬁﬂsan i on

I npl ant ati on Ia%er formed in at of .t he S|I|%on substrate

and t he n8npor 8ti§er C°mpr§BﬁP€6H8u&PXFSté98%1°B8ndFH& PRESF st substrate

to a segond suybstrate to _obtain I pl e layer structure

with the nonpoFBH§n§éHPcbﬁﬁu898P Pgﬁgmpgﬁgge “i nsi de; separating the
multiple |ayer structure at the ion 25 I npl antation |ayer; and renovi ng
the ion inplantation " layer remaining on the separated second
substrate. SUMMARY OF TRECNGERgrbR another aspect of the present

An object of the present invention is to
10 provide a process for producing a semiconductor article
comprising a step ;f bonding two substrates where a
part of the substrate is reused as the material for the
semiconductor article.
According to an aspect of the present
15 invention, there is provided a process for producing a
semiconductor article comprising §teps of preparing a
first substrate comprised of a silicon substrate, a
nonporous semiconductor layer formed on the silicon
substrate, and an ion implantation layer formed in at
20 least éne of the silicon substrate and the nonporous
semiconductor layer; bonding the first substrate to a
second substrate to obtain a multiple layer structure
with the nonporous semiconductor layer placed inside;
separating the multiple layer structure at the ion
25 implantation layer; and removing the ion implantation

layer remaining on the separated second substrate.

According to another aspect of the present
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- 18 - I nvention, there is provided a process for producing a

sem conductor article conprising steps b8 preparing a first substrate
conprised of a silicon substrate, a nonpor ous sem conductor | ayer
formed on the silicon 5 substrate, and an ion inplantation |ayer forned
I n at | east one of the silicon substrate and the nonporous

sem conduct or | ayer; bonding the first substrate to a ecqond
substrate to obnuentionu| there F&yEFOXPQGQtGrEroceSS ﬁPthfﬁguﬁéﬁﬁbeus

sem conductor |ayer placed inside

aratin nul tiple |ayer
structure at tﬁ@mi§ﬁnduct°r PﬁﬁF&HFaFPHHrFﬁggp SFE %gpfﬁggg&ﬁg ¥

i npl antation |aye n|n .on.the sepa ated bstrate; and
reusi ng t he flféFS§u5§P?§F€teaFP§P §ﬁ8v8% %lcon 25 %gﬁgﬁg%huﬁg i on

| mpl antati on '%%ﬁ;P%gﬁéggéggkogﬁu%ﬁf'Lre e¥5forﬁgﬁsbh?%%e”%53rb@n

According to a nvention, there is
provi ded proce %tL%%eprgﬁﬁcbﬁg ?u SPlan%%%Hﬁﬂnq Qrf%&hhﬁ!gnPQHPFISIHQ

st eps of repa rate conprisé a silicon
substrate, ;?tQast“BﬂQ%gU%hée Ehi%@ﬁcts%slt%&% fa?xﬁ”%@xeo AR rPdd con
substrate, and an ion inplantation layer formed in at | east one of
the silicon sulghtabgadrdorNealeMioberding the FaistoRrUbeitAatealtrs ;a bondi ng
the first substrate to a second substrate to obtain a nultiple |ayer
structure 25 geodbhil El®sREARE @dS obesiico adwrild pllay dayelra et uatsime;
separating the nmultiple layer structure at the ion I npl antation

| ayer; renovi ngithe then nomporouat isemilaypeductor layer placed inside;
10 separating the multiple layer structure at the ion
implantation layer; removing the ion implantation layer
remaining on the separated second substrate; and
reusing the first substrate, after removal of the
remaining ion implantation layer therefrom, as a first
15 substrate material.
According to a further as?ect of the present
invention, there is provided a process for producing a
semiconductor article comprising steps of preparing a
first substrate comprised of a silicon substrate, a
20 ’ nonpor;us semiconductor layer formed on the silicon
substrate, and an ion implantation layer formed in at
least one of the silicon substrate and the nonporous
semiconductor layer; bonding the first substrate to a
second substrate to obtain a multiéle layer structure
25 with the nonporous semiconductor layer placed inside;

separating the multiple layer structure at the ion

implantation layer; removing the ion implantation layer
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- 19 - remai ni ng on the separated second substrate; and

reusing the first substrate, after reooygl —of the remai ni ng ion

i npl antation | ayer therefrom as a second substrate material. 5

In the process for producing a sem conduct or article, the first
substrate has a nonporous sem conductor |ayer for bonding. The

nonpor ous sem conductor |layer is preferably constituted of an

epi taxi al sem cemdufing bayehe ¥éparabed seppodosubst@ate;semdconduct or

| ayer, high-quality sem conductor article can be provided w thout
the flow pattereauddhgctbeofirst substystel efitgirnzesevpdr Ofct®e  nherent to
the silicon waf er as nentioned above. Since the nonporous

sem conduct or regeining bencémplshtagippadpyer thegefres, as a second

el ectroconductivity type and inRurity concentrati on, t he process for
produci ng seni gohatrate aptesialef the present invention satisfies
various demands and is applicable in vari,ous use

P S.,
The multiBle | ayer strd® P& BRPSPREIERY PFRAUCHII A FHHEPHG % ubst r at e

and the second substrate ] t oget her .i s,separat t _the ion

i npl ant ati on |§§E}9&e, the 5&55thgggﬁﬁﬁﬁﬁn&afﬁﬁi%5§&§%E§¥%ate of the first
substrate can be reused as _the_constructi nb 0 he first
substrate or tﬁ8m§888§_c% sngFg,%ﬁﬁighbﬁgnE§5 %ﬁm33§§?{%ﬁﬁgis in resource
saving and cost pedigly 0oy 1ayer is R efelABIR SRt g3 Py ovi des a

process for produci ng a“sem conductor article excellent in
epitaxial semiconductor layer. With this nonporous

10 semiconductor layer, high-quality semiconductor article
can be provided without the flow pattern defects or
crystal originated particles inherent to the silicon
wafer as mentioned above. Since the nonporous
semiconductor layer can be controlled readily in the

15 electréconductivity type and impurity concentration,
the process for producing semicon@uctor article of the
present inveﬁtion satisfies various demands and is
applicable in various uses.

The ﬁultiple layer structure obtained by

20 bonding the first substrate and the second substrate
together is separated at the ion implantation layer,
and the remaining silicon substrate of the first
substrate can be reused as the construction member of
the first substrate or the second substrate, which is

25 advantageous in resource saving and cost reduction.

The present invention provides a process for

producing a semiconductor article excellent in



- 20 - productivity, controllability, and | ow cost for

f-ormati on of single crystal sem conductegiy l_ayer having hi gh
crystallinity on a second substrate conprised of an insulating
substrate, or the like. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS

Figs. 1A, 1B, 1C, 1D and 1E are schematic sectional views for
expl ai ni ng the process of Enbodi nent 1 of the present invention. 10
Figs. 2A, 2B, ZeodRt3RARE aontaellambiildty, and sewt iamstt fdmws for

expl ai ni ng the process of Enbodi ment 2 of the present invention.

Fi gs. 3A 3B ambrifatilon sthannigle seytstmilalsemicondudtoss Yayer g ng t he
process of Enbodi nent 3 of the 15 present invention.

Fi gs. 4A, 4B andgiC cnyestsdlidmdttiyc ge@ isgegnd substratenscamprisgd £5ing t he
process of a prior art process. . Figs. 5A, 5B and 5C
are schematic sectirsndlatiz@y substaeEd ,oroe@iaiFi%5Rr t he process of anot her
prior art process. DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS
The presert invention is described bel ow by 25 reference to

enbodi nents. The present invention is not limted thereto provided
that the obj ecthb’ﬁ“‘ﬁT RESHRRHRON OF THR rR%W%B&Si s attai ned.

Figs. 1A, 1B, 1C, 1D and lE are schematic
sectional views for explaining the process of
Embodiment 1 of the present invention.

10 Figs. 2A, 2B, 2C, 2D and 2E are schematic
sectional views for explaining the process of
Embodiment 2 of the present invention.

Figs. 3A, 3B and 3C are schematic sectional
views for explaining the process of Embodiment 3 of the

15 presen% invention.

Figs. 4A, 4B and 4C are sghematic sectional
views for explaining the process of a prior art
process. |

Figs. 5A, 5B and 5C are schematic sectional

20 views for explaining the process of another prior art

process.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is described below by
25 reference to embodiments. The present invenfion is not
limited thereto provided that the object of the present

invention is attained.
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- 21 - [lon I nmplantation Layer] | mpl ant ati on of
hel i umions or hydrogen ions to -azgingle crystal silicon substrate
fornms mcro-cavities of several to tens of nanoneters in dianeter in
the 5 i npl antation region in the substrate at a mcro-cavity

density of as high as 10[err]-10[err]/cnferr]. Thereby, the silicon
substrate cones to have a structure like a porous | ayer. The ions

enpl oyed in thglbﬁnlmplantbmabantayeﬁo in the present invention is selected
from 10 the ions of rare gas elenents, hydrogen, and nitrogen.

In the present |nventlmmplbhsamdnnlmﬁlheﬂaumonohay@m hydrogen ifomsnd® i n at
| east one of the silicon substrate and the nonpor ous seni conduct or

| ayer provi dedaosihftesicrysdal 3111c09ubgbs&m9teoﬁ0mmﬁ e croreay igiiashe

i nterface between 15 them Two or nore ion inplantation Iayers may be
formed. The doe€ seveleli o teplsapfangoamedershdn @iameter inpfhgnt ation

layer is preferably in the range of from 10[err] to 10[er‘)/cn{err]
in con5|dératléﬁpéﬁnﬁﬁ§lpayéﬁg§éﬁaﬂ§tFB# SUbStrQHetﬂRBQNm%ﬁﬁﬂﬁgq
structure forned by bondin %6H+r8t substra 3: t he second

of
substrate. Theensity offp; ﬁ%g?'éﬁ e ATBI-ant A depends on
t he accel,eration yoltage, and is g neraII not - nDre t. 500
A, preferably R&tFBPe ?%@ Ropﬁsc%ﬁé a6 tructure lﬁ&%he uni formty
of the thickness_of ttigyré%rlpo&%uslg\ mé’ﬁ%?h%ml uq}%{ Iqq%/ler on the second

substrate aftePF8YySr Sara yer structure.

The congapy" %%%QQdH 1SR RAYEE PRI dd e d Ba1akRld From

10 the ions of rare gas elements, hydrogen, and nitrogen.
In the present invention, the ion implantation layer is
formed in at least one of the silicon substrate and the
nonporous semiconductor layer provided on the silicon
substrate, or may be formed at the interface between

15 them. fwo or more ion implantation layers may be
formed. The dose of the ion implqntation for the ion
implantation layér is preferably in the range of from
10 to 10Y/cm? iﬁ consideration of the layer separation
of the multiple iayer structure formed by bonding of

20 the figst substrate and the second substrate. The
thickness of the ion implantation layer depends on the
acceleration voltage, and is generally not moré than
500 A, preferably not more than 200 A in consideration
of the uniformity of the thickness of the nonporous

25 semiconductor layer on the second substrate after layer

separation of the multiple layer structure. The

concentration of the implanted ions in the implantation
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| ayer distributes in the layer thickness direction.

The | ayer separation of the nmultiple La&gr_structure tends to be
caused al ong the highest ion concentration pl ane level. = 5

[ Nonpor ous Seni conduct or Layer]

| ayer in the

The nonpor ous sem conduct or

present invention is formed preferably froma materi al
selected fromsingle crystal Si, polycrystalline Si, . anor phous Si,

and conpounds iagb%oade%&abu%%tht&Aaa 30 thickmBssGaAsBctE@N.As, | nAs,

Al GaSb, | nCGaAs,

nonpor ous

Thée Nagerd gepafraltdpar ofa thenmudrdpdieon sglean@tirudittireds

FET (field effect transistor) nmay be prelimnarily I ncor por at ed.
[ First Substrattehds to be caused &lengi the hilghesdt dom coneeniredsEnn

i nvention is

nonpor ous seni pdaectlevelayer provided on the silicon

a substrate conprised of a silicon substrate, a

an ion inplantation layer formed in at 20 | east one of the silicon
subst r at eSand tNenpempusoSemiconducter &aye¥dt or | ayer. Therefore, the

first substrate

substrate having an i ofPEnBORRCEONS SPRYePNEySReF layer immdh& n and a

nonpor ous semnm conduct or, |a¥ﬁf’ byt

addi tional |y aRTeFEMtatiyS

es havi

film substrates. ha

i nsul ati on

10

15

20

25

selec e'&g from sin%'].ee I::ty% iaa.l S%.e, mp%q.'}%"frg}s ral'l%%%r Sairld an
amorphous Si, and compounds semiconductor such as GaAs,
InP, GaAsP, GaAlAs: InAs, AlGaSb, InGaAs, ZnS, CdSe,
CdTe, and SiGe, and the like. Into the nonporous
semiconductor layer, a semiconductor element such as
FET (field effect transistor) may be preliminarily
incorporated.
[First.Substrate]

The first substrate in the present invention is
a substrate comprised of a silicon substrate, a
nonporous semiconductor layer provided on the silicon
substrgte, and an ion implantation layer formed in at
least one of the silicon substrate and the nonporous
semiconductor layer. Therefore, the first substrate
includes not only substrates comprised of a silicon
substrate having an ion implantation layer formed
therein and a nonporous semiconductor layer, but also
substrates having additionally an insulation layer such
as a nitfide film and an oxide film, substrates having

an epitaxial semiconductor layer and an insulation

nS, CdSe, CdTe, and SiGe, and the like. Into the

substrat e,

15

and

i ncl udes not only substrates conprised of a silicon

| 25 t ]
o ts,dpTmed Preferably trom A mAtErial, oxi de
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- 23 - | ayer fornmed on a silicon substrate and an ion

i mpl antation | ayer formed by subsequent gizon I npl antation into the
silicon substrate, substrates havi ng a nonporous sem conductor | ayer
formed on the 5 silicon substrate and an ion inplantation |ayer formned
by subsequent ion inplantation, and the |ike substrat es.

The nonporous sem conductor |ayer on the silicon substrate may be
formed by CVD dagkrasormed bh a middicwne s¥Stratss mndOdD, dgrot o- assi st ed
CvD, and MOCVD (metal organic CVD), sputtering (including bias
sputtering), nimpdandaticamlayerafoxinegr dut Isubseguent ion  phase grow h,
or a |like nmethod. [ Second Substrate] 15 The second
substrat e ont oimplentatdonodpdicothe silicogefubsidiatcor S%raf@&o be
transferred incl udes sem conduct or_ substrates such as si e crystal
silicon hayB8gr & SSNPONNIS HEFY-oRRA Qﬁ$Q£1¥Q¥ﬁHaﬁQQﬂ?qqunéhﬁ

as an oxide film.(including thermal_ oxi datiqgn f.i

trid
film 1igRt-trShdhcol FHLaFaTELANd S8k ’ﬁ‘plan@amﬁnr i]t,aé’e(ﬁ d&rr}'l?di)lst (raat e

and a gl ass su

stra e, st.r.at es at.l, substrate such
as al um na, ang eqqqé} §ﬁﬁ§f@@ﬂ%§? afie Seégﬁgﬁgﬁ% e is selected

sui tably depengl %tr%t% e application field of the sem conduct or
article. ondi Ng The aforenentloned first substrate
in the The nonporous semiconductor layer on the

silicon substrate may be formed by CVD such as low

10 pressure CVD, plasma CVD, photo-assisted CVD, and MOCVD
(metal organic CVD), sputtering (including bias
sputtering), molecular beam epitaxial growth, liquid
phase growth, or a like method.

[Second Substrate]

15 ’ The second substrate onto which the nonporous
semiconductor layer is to be tran§ferred ihcludes
semiconductorlsubstrates such as single crystal silicon
substrates, sﬁbstrates having an insulation film such
as an oxide film (including thermal oxidation film) and

20 a nitride film, light-transmissive substrates such as a
silica glass substrate and a glass substrate, metal
substrates, insulating substrate such as alumina, and
like substrates. The second substrate is selected
suitably depending on the application field of the

25 semiconductor article.

[Bonding]

The aforementioned first substrate in the



- 24 - present invention is bonded to a second substrate to
obtain a nultiple |layer structure with phe_nonporous sem conduct or

| ayer placed inside. The rmultiple |ayer structure having a nonporous
sem conductor |ayer placed 5 inside, in the present invention, includes
not only the structures in which the nonporous sem conductor |ayer

of the first substrate is bonded directly to the second substrate but
al so the strucppesentninkenhian dsi Honded tof gl spcandi spbg&riitemtoor t he

| i ke formed on the surface 10 of the nonporous sen conductor |ayer
surface is bondbttain a mudtipdesdeyed stbucture. wikht the nORPOIOUSCt ure
havi ng a nonpor ous sem conductor | ayer placed inside neans a

mul tipl e | ayer semigendustps WAYER PhacREnppséde- The multiplgudeyeT ayer
Is placed inside the porous silicon 15 | ayer in the ltiple.la
structure. structure haYHEQf?r99“9BEQP?aFS%&HHHBHEtQESgFHGSU ng%%%

can be bonded together, for exanple, at room . t erature.b ki ng
the both Bondi A§Std9€esim reaRgesent 1nBFP%éPHg ERELS PﬁFoq&lggéﬂ%%ntact
with each other, 2 Anqde_ bandin [ i r.h r y be
enpl oyed for SFFEHSgPrﬁﬁn&Pngglcg Fge E §§§Fgggp%Fgﬁ?%%é%F %Blt%%FggLayer
Struct ur e] of the Fg.rxl‘tsg-rg%b%talt@ gl PRk BTk Y tod Yl YRt 0

| ayers at the Ion i'np tionlayer in the present : invention. The
ion inplantati QiplayakeButTais® the strutdVirels®InOiniiiche RulRlige therein,

and is fragile1n conparison wth the other regions. Therefore the

film, a nitride film, or the like formed on the surface

10 of the nonporous semiconductor layer surface is bonded
to the second substrate. That is, the structure having
a nonporous semiconductor layer placed inside means a
multiple layer structure in which the nonporous
semiconductor layer is placed inside the porous silicon

15 layer in the multiple layer structure.

The first substrate and th second substrate
can be bonded together, for example, at room
temperature by making the both bonding faces flat and
bringing the both into close contact with each other.

20 Anode bonding, pressing, or heat treatment may be
employed for stronger bonding.
[Layer Separation of Multiple Layer Structure]

The multiple layer structure is separated into
layers at the ion implantation layer in the present

25 invention. The ion implantation layer has micro-
cavities or fine bubbles therein, and is fragile in

comparison with the other regions. Therefore the
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- 25 - separati on can be conducted effectively by utilizing

the fragility. Specifically, the sepa[a%énlcan be conduct ed by
application of external force to the io i npl anted | ayer. O herw se
the separation can be 5 conducted by oxidizing the ion inplantation

| ayer from t he periphery of the wafer to the interior by utilizing
the accel erated oxi dation of the porous portion of the I on

| mplant ati on | Qplarld iRl SRn M ErRAR Yrflct ey by wldifiidg result

in | ayer separat y ‘expansion force. 1 He 1on I nmplantation

layer is USU3|E$ePQ%%b%dity. SpRIGEidailie RHd Rsiatatidd icdh Wd h the
nonpor ous | ayer. Thé peripheral portion or the end face of the

ion inplantati eanduetied ulapla Ralieth Y Wacdtndfl (Rirce to tHdeLdondi ng.

When the bonded substrates is subjected 15 to oxidation, the oxidation
reacti on whi chimplanted lageat.er Pkl ddecHeargpatatiane cdredof the pores
w | | proceed fromthe periphery of the ion inplantation

| ayer. By 50xi datondlucifedSbyt @xSidi[zinyg ,thehelorolimpl antareiageslayer frdwy a
factor of 2.27. Therefore, at the porosity of not 20 nore than 56% the
vol unme of the dlvedipeadphexry of the mafen &id dhe synrenddd hynortsiakiezinthe
degree of the oxi dati on becones snmaller gradually fromthe periphery
to the interiofthep apgederpted aidabiam A irheaRprous PortHom &I Thal | on

i mpl antation |ayer .in_the periphery, 25 as if a wedge is driven fromthe
end face of thédCRafi@iplantation dayer iteh GaHeily™h e5RARsioha%he an

i nt er nal ressure i s liedq to the ion i | gntation | ayer_to
ﬂ%yer to resdyﬁjin ayer separati nE%y expansion force.

10 The ion ime}antation layer is usually covered
also in the peripheral portion with the nonporous
layer. The peripheral portion or the end face of the
ion implantation layer should be bared before or after
the bonding. When the bonded substrates is subjected

15 to oxiéatiop, the oxidation reaction which is
accelerated 5y the large surface grea of the pores will
proceed from the periphery of the ion implantation
layer. By oxidation of Si to SiO,, the volume increases
by a fgqtor of 2.27. Therefbre, at the porosity of not

20 more than 56%, the volume of the oxidized ion '
implantation layer will increase. The degree of the
oxidation becomes smaller gradually from the periphery
to the interior to make the volume expansion larger at
the oxidized ion implantation layer in the periphery,

25 as if a wedge is driven from the end face of the wafer
into the ion implantation layer. Thereby, an internal

pressure is applied to the ion implantation layer to



- 26 - cause | ayer separation at the ion inplantation |ayer.

Since the oxidation reaction proceeds unjfarnly at the peri phera
portion of the wafer, the separation is caused uniformy fromthe
peri phery of the wafer to 5 separate the nmultiple |layer structure. By
t hi s met hod, the wafer can be separated uniformy with satisfactory
control by utilizing oxidation of a usual step of an Si -1 C process.

The nultiple | ¥wises IayEMIsRpEratalcd 4t th) ion SapAaitecticl Adymeer s by
appl yi ng heat to produce thermal stress at the fragile ion

i npl antati on | @&igice the oxidation rBartidr ipdordesiserursiffiomtly eatcathal so be
separated into |layers by | ocal heating w thout heating the entire
mul tiple | ayer petmipdtanad lpontsieorofofl ddwr walfer, Whe sepansdpall etsf heati ng
an intended | ayer only. Therefor the separation can be conducted by
use of a cadusedt unddinmiix frdam difsomexighemhehdhruwafer to

I npl antation |layer or the vicinity thereof for |ocal heating. 20
The multi @ e | Spparateydhe awldinlesdaker structgar attst s nefhad, by
heati ng qui ckly the porous ion i npl antation |layer or the vicinity

t hereof by appitiengater ca’blhﬁ:tﬁqft?’aﬁ%ﬁ{qlfm[“ﬂé’nﬁ‘(ﬁh FeES AR er |

25 of the nATr 5ol YL SRR A0 B g AL o
first substrat eSia_rH: tpf}_eocess.
The multiple layer structure can also be

10 separated into lay%rs by applying heat to produce

thermal stress at the fragile ion implantation layer.
The multiple layer structure can also be

separated into layers by local heating without heating

the entire multiple layer structure by use of laser

15 which is capable of heating an intended layer only.

' Therefor the separation can be copducted by use of a
laser beam which is absorbed by the porous ion
implantation layer or the vicinity thereof for local
heating.

20 The multiple layer structure can also 5e
separated into layers by heating quickly the porous ion
implantation layer or the vicinity thereof by applying
electric current.

[Removal of Porous Layer]
25 After the layer separation at the ion

implantation layer of the multiple layer structure

derived by bonding of the first substrate and the
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- 27 - second substrate, the ion inplantation |ayer remaining

on the substrate can be renoved selecLi&glx by utilizing the | ow
mechani cal strength or the |arge Surface area of the ion inplantation
| ayer. The 5 selective renoval nethod includes nmechani cal nethods

such as polishing or grinding, chem cal etching nethods enpl oyi ng an
etching solution, and ion etching nethods such as reactive ion

et chi ng. second sufieRalthe AHRDELAUS mipliahtation e R@n@ainlihg
crystal Si, the ion inplantation |ayer can be etched of f selectively
by use of at | gasthengubktaateuadanSbe removeld Welgctdiuetliyomy a hydrof | uoric
acid solution, a solution m xture of a hydrofluoric acid solution and
at | east ueidiafingn thiec dow mectiaailpdr ejerenghhoxmdhel 3argesol ution, a
buffered hydrofluoric acid solution, and a solution m xture of a
buf f ered hydr oSurrdeice acied of the denutimpd aaia tion d@verone Te an al cohol
and a hydrogen per oxi de sol ution. \Wen the nonporous seni conduct or

| ayer is Sonposedestiyecyepoved dekbeshdrelydes meghanical methgdsunt ati on

| ayer can be etched off by use of an | =~ etching solution which is
capabl e of etcHush 9 Polishing omiggH@ding.e GHLI e StGHiSihrethods

sen conduct or. The enbqdinents of.  the pre entidggﬂgéém are

descri bed bel oRBPIOFING: &R £TCHIRT, FHodyE 1o 5 and dggng Sl

Figs. 1A to 1E are schemat itc section%l hviinews show ng the steps of
Enbodi ment 1 of 35y E&ERt1ve ion etching.

When the nonporous thin film is a single
10 crystal Si, the ioE implantation layer can be etched
off selectively by use of at least one of a usual Si
etching solution, a hydrofluoric acid solution, a
solution mixture of a hydrofluoric acid solution and at
least one of an alcohol and a hydrogen peroxide
15 soluti;n, a buffered hydrofluoric acid solution, and a
solution mixture of a buffered hydrofluoric acid
solution and at least one of.a# alcohol and a hydrogen
peroxide solution. When the nonporous semiconductor
layer %s composed of a compound semiconductor, the ion
20 implantation léyer can be etched off by use of an
etching solution which is capable of etching Si at a
higher rate than the compound semiconductor.
The embodiments of the present invention are
described below in reference to drawings.
25 EMBODIMENT 1
Figs. 1A to 1lE are schematic sectional views

showing the steps of Embodiment 1 of the present



- 28 - I nventi on. Firstly, on a main surface of
first substrate 11 of single crystal_ Si, at |east one nonporous

| ayer 12 is forned (Fig. 1A). Single crystal Si substrate 11 5
may be a wafer of non-designated resistance or a usual " regenerated
waf er since the properties of the produced SO substrate depend on
nonpor ous | ayer 12. Additionally, Sigerr] layer 13 nay be fornmed as
t he out erfRendidyer. This SiJerr] layer may serve to deviate 10

t he bonding interface fromthe active |ayer. The ions are

i mpl anted from the nmai Fixwtdlace cif a main sunrfeces Wtfiiater Bubsipdase ng at
| east one kind of el enents of rare gas el enents, hydrogen, and

ni trogen 11( leify sitigle lamysiwdurdil atatord dagte one] ronfdogqusd Lapser
preferably in the vicinity of the interface between . first single
crystal substr dtZe iBl famredhriftioudAlayeSingle crystal iSi Mt [BYyer
12. The surface of second substrate 15 is brought

into cl os® conf@t bf teh wafes af pon-dlesiignatedresigtancg, i usugbr
exanple, at roomtenperature (Fi single crystal

Si is depositedeggnerated wadgy %:1@1?% hee %’?‘?Rﬁ%tjtﬁﬁlﬁfz\r&nﬁ RO %rably
ox izl | sTEiSAS Do e b WS R r 2 ke
o2 e | ORI S, SOV iy e coshCel LS Ce. TS,
not conposed Ofou%ernﬁ:fst layer. This SiO, layer may serve to deviate

10 the bonding interfﬁFe from the active layer.

The ions are implanted from the main surface of
first substrate by employing at least one kind of
elements of rare gas elements, hydrogen, and nitrogen
(Fng 1B). Ion accumulation layer 14 is formed

15 prefer;bly in the vicinity of the interface between
first single crystal substrate 11l and nonporous layer
12 or in nonporous layer 12.

The surface of second substrate 15 is brought

into c%ose contact with the surface of the first
20 substrate, for example, at room temperature (Fig. 1C).

When single crystal Si is deposited, the
surface of the single crystal Si is preferably oxidized
before the bonding by thermal oxidation or a like
method. In Fig. 1C, the second substrate and the first

25 substrate are bonded together with insulation layer 13
placed inside. This insulation layer 13 may be omitted

when nonporous thin film 12 is not composed of Si, or
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- 29 - the second substrate is not conposed of Si

I h bonding, a thin insulation plate maygge - I nt erposed and three

pl ates | ayers may be bonded in super posi tion. 5 The
substrates are then separated at the ion accunul ation | ayer 14 (Fig.
1D). The nethod of the separation includes application of external
force such as pressing, pulling, shearing, and wedgi ng;

appl i cati on of theasecand isudisttratef iisnnetndompoessslurof SEQ by expansi on of
the porous Si by oxidation fromthe peri phery; application of
thermal stress by pul s&n bondingeai rpinaddssdfatdmmelatiet may det |imted

t hereto. From the separated substrates, the ion

accunul ati on | apserposed swidedhires plegesy dayers maYe:h%(hqnﬂ@ld/ sy the

met hod nentioned before. Fig. 1E shows a sem conduct or
article prepar 84perpositie@®oerding to the present invention. On second
substrate 15, nonporous_thin film 12, such_ as th|n ég%4e crystal S

hrtie ‘espfigg‘fﬁd”t“hf ‘ﬁ? SRR 20 o ff. G

ngfL:r?; vi ew_of th §§§L§€Y€§i§?p§§F§i 5 $§% eﬁgﬁffég?ciz?e nts.

25 s SubS?Rer %&Eﬂ&fg esaﬁje@ l@alagsf vy i_ Hhee Sighg
%eﬁEQséinPO Pbgﬁﬁ%?ﬁagﬂe%¥Q§kﬁ Hha Wedglﬁgé

surface of sing crysta
application of heat; application of internal pressure

10 by expansion of the porous Si by oxidation from the
periphery; application of thermal stress by pulse
heating; and softening, but is not limited thereto.

From the separated substrates, the ion
accumulation layer 14 is selectively removed

15 respecéively by the method mentioned before.

Fig. 1lE shows a semiconduqtor article prepared
according to the present inventién. On second
substrate 15, nonporous thin fil@ 12, such as thin
single'crystal Si film, is formed uniformly over the

20 entire wafer. A semiconductor article prepared through.
the step of bonding the second substrate to the first
substrate by interposition of insulation layer 13 is
useful in view of the production of insulated
electronic elements.

25 The substrate 11 can be reused as the first
single crystal Si substrate 11, or the second substrate

15.. When the surface of single crystal Si substrate 11



- 30 - after the renoval of the remaining ion accunul ation

| ayer 14 is unacceptably rough, the subsggate is treated for surface
flatteni ng before the reuse. For reuse as first single
crystal Si substrate 5 11, the decrease of the thickness caused by the
| ayer separation and the surface treatnent is suppl enented

with an epitaxial |ayer. Thereby, the substrate can be used

sem per manent | yafitddotlie wednsvd ik ndss tensesining ion EMBADWETLIEN 10

Figs. 2A to 2E are schematic sectional views show ng the steps of
Enbodi ment 2 oflayesr présimtunacceptabiserndugh, the substrate ¥sfirst single
crystal Si substrate 21 is provi ded. lons are |nplanted fromthe
mai n face of thxeatsed f9y rsurfagstflateningndeiorR) el%ﬁﬁﬁeone ki nd of

el ements of rare gas el enents, hydrogen, and nitrogen o formion
accunul ation |ayer 22 iF@f dée‘(f’rﬁ PS ﬁ!}rSt Slnglesﬁqié‘i"ﬁ}ll%‘ye‘iu@%ﬁr“%te
preferably forned before the ion | antation to revent surface
rougheni n@ by i B e"r'rrﬁﬂ%ﬁlt%ﬁlw ﬂ}ﬂfrztpl‘@?esf'%rﬁﬁéﬁe%f C’f rtaye¥er 23,
at | east one _nonporou a 24 is formed on fh face (Fig.

o8). sSPEr S A8 i ripas peearies 44 SiERiRneTtRd

I tact th the f f t ,
(r:ogfnet g(r)rge?;t u\rMe 1{ aﬁa %‘%:@aig 1ot rh?ai;élr > ﬁégrfm ng% e cr ysS aife é@,lgrgﬂ,g
deposited, the ;geq sa&géﬁ&&a{tw%ﬁr{&i@ WSt Ah RlchSs LT RISL abl y

oxi di zed

EMBODIMENT 2
10 Figs. 2A to 2E are schematic sectional views
showing the steps of Embodiment 2 of the present
invention.
A first single crystal Si substrate 21 is
provided. Ions are implanted from the main face of the
15 first éubstrate by employing at least one kind of
elements of rare gas elements, herogen, and nitrogen
to form ion accumulation layer 22 inside (Fig. 2A).
Si0, layer 23 is preferably formed before the ion
implantation to prevent surface roughening by ion
20 implantation. After removal of SiQO, layer 23, at least
one nonporous layer 24 is formed on the main face (Fig.
2B).
The face of second substrate 15 is brought into
close contact with the face of the first substrate, for
25 example, at room temperature (Fig. 2C).
When single crystal Si is deposited, the

surface of the single crystal Si is preferably oxidized
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- 31 - before the bonding by thermal oxidation or a |like

nethod. In Fig. 2C the second substratejand the first substrate are
bonded together with interposition of i nsulation |ayer 25. This

i nsul ation | ayer 25 nmay be 5 om tted when nonporous thin film24 is not
conposed of Si, or the second substrate is not conposed of Si.

In bonding, a thin insulation plate may be I nt erposed and the three
| ayers may be beFda@ ithe bondirfphf migidmaln oxidhtion or a Llilkee substrates
are then separated at the ion accunul ation | ayer 22 (Fig. 2D).

| on accunul at i aethder 24 iRigel2at ithd ysecond sulsstonedce farein thee Siopst at ed
substrates respectively. Fig. 2E shows a sem conduct or
article prepar etibstrateacos dangied tdyge Hhregs evitth Mvererpesitign sefond
substrate 26, nonporous thin film 24, such as thin single crystal S
film is fornednﬁ%ﬂﬁﬁWQQ/lﬁxﬁrtﬂﬁa This ingulatien dravexr sémmandert or
article prepared throug t he steps of bonding the second substrate
to the fibst mwt%w%ﬂprmpn%%r%ﬁ g A4 i 4% ek irrresrE 25 |
useful in view of the production of insulated el ectronjc elenents

The substrate St.c&F qe‘i%%‘dassqt}‘?é:qaﬁ%tls not c??ﬂfbsfeéi AH St S
substrate 21, or the s%cno% lbstrat 25 g e Ihlé, e surf e of single
crystal Si substrate 2 gt & %ﬁ t %Nﬂﬁ% i on
accunul ati on interplo@/e% a%‘?d "lﬁ\e %euriaa%% qp&l})’ ’bé @or?&g)cf t:{r‘?t e s
superposition.
10 The substrites are then separated at the ion
accumulation layer 22 (Fig. 2D).
Ion accumulation layer 22 is selectively
removed from the separated substrates respectively.
Fig. 2E shows a semiconductor article prepared
15 according to the present invention. On second
substrate 26, nonporous thin film 24, such as thin
single crystal Si film, is formed uhiformly over the
entire wafer. A semiconductor értigle prepared through
the stgps of bonding the second subétrate to the first
.20 substrate by interposition of insulation layer 25 is
useful in view of the production of insulated
electronic elements.
The substrate 21 can be reused as the first
single crystal Si substrate 21, or the second substrate
25 26. When the surface of single crystal Si substrate 21
after the removal of the remaining ion accumulation

layer 22 is rough unacceptably, the substrate is



- 32 - treated for surface flattening before the reuse.

EMBODI MENT 3 Figs. B3Ata 3¢ are schematic sectional views
showi ng the steps of Enbodi nent 3 of the present 5 i nventi on.

As shown in Figs. 3Ato 3C, two sem conductor substrate is prepared
si mul t aneously by enpl oyi ng two second substrates and treating the
both faces of the first substrate as shown in Enbodi nent 1 and

Enbodi ment 10trea%ed for surface flhttBndag BAfbwre3Chet meuseneral 31
denotes a first substrate; 32 and 35, a porous |ayer; 33 and 36,

a nonpor ous t hEMBDDIMEN343and 37, an Si(Jerr] layer; and 38 and 39,
a second substrate. Fig. 3A shoms first 15 substrate 31 treated on both
faces as in Embodi nent Figs. 3A toad§ sreosghempdicasestiongd ydfW&d to the
faces of first substrate 31. Fig. 3B shows the state after the
separation at §bPUG§QI§F@r§t9PSBQf|ﬁmpﬁ§1§&H§ Raffethgs present

Enbodi ment. 1. Fig. 3C shows the state after renoval 20 of porous | ayers
32, 35. 5 inventiophe substrate 21 can be reused as the first

S|ngle crystal Si substrate 31, .or the second strate or 39).
Wien the surface of fi St QWE énbf9§FaI%%'% %%g t?ﬁb§¥?¥ﬁ%?9?fé%ﬁéér t he

renoval of the r n|n Jon C
unaccept abl y, d‘ts prepared % reaa%%c’?%rlg’a%&r r@lﬂ%%emwr?g bef ore
the reuse. second subsi:%é%%%r Lo '&'lé%%tl Rt he3Both EERE JH iR ent

first substrate as shown in Embodiment 1 and Embodiment
10 2.
In Figs. 3; to 3C, the numeral 31 denotes a
first substrate; 32 and 35, a porous layer; 33 and 36,
a nonporous thin film; 34 and 37, an SiO, layer; and 38
and 39, a second substrate. Fig. 3A shows first
15 substréte 31 treated on both faces as in Embodiment 1,
and second substrates 38,39 bondeq to the faces of
first substrate 31. Fig. 3B shows the state after the
separation at porous layers 32,35 in the same manner as
in Embodiment 1. Fig. 3C shows the state after removal
20 of porous layers 32,35.
The substrate 21 can be reused as the first
single crystal Si ‘substrate 31, or the second substrate
38 (or 39). When the surface of first single crystal
Si substrate 21 after the removal of the remaining ion
25 accumulation layer is rough unacceptably, the substrate

is treated for surface flattening before the reuse.

Supporting substrates 38,39 may be different



- 33 - from each other. Nonporous thin |ayers 33,36 nmay be

different fromeach other. Insulation.|lfyers 34,37 may be om tted.
The present invention is explained specifically 5 by reference to
Exanpl es. Exampl e 1 On a crystal Si substrate (first
substrate), single crystal Si was grown epitaxially in a thickness

of 0.30 pmby CVD (chem cal vapor deposition) under the 10 grow h

condi tions bel ¥¢m each other. Nonpofiouscthimslayersi BBeB6]@hyebe]/ H err]
Gas flowrate: 0.5/180 L/mn Gas pressure: 80 Torr
Tenperature: JPbPbesnt Frdd each other. Ingndathonalayers()3403gnhain

On the surface of this epitaxial Si |ayer, an SiJerr] layer was
formed in a thbekoressted. 200 nm by thermal oxidation. Then Herr]
was i npl anted through the Si 2 surface |ayer at 40 keV ose of
5x10[err] cmerr]. 20The present ¥H§eﬂﬁé@no+stﬁ§P§PEP$9rFPF8§gFCP§ Br ought
into contact with the face of another Si substrate (second
substrat ey, aneytreferaacs EQpEXREPLeSnere anneal ed at 600[err] C. By
t he annealing, the bonded substrates cane to be separated into two
sheets at ar ouR¥@PREeptojection 25 range of the ion inplantation ow ng

PO ULt ur e amse, b Char B2, BIBRREAA Rk aicegpiaguur aces o
single crystal Si was grown epitaxially in a thickness
of 0.30 pym by CVD (chemical wvapor deposition) under the
10 growth conditions Q?IOW.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 L/min
Gas pressure: 80 Torr
Temperature: 950°C
15 Growth rate: 0.30 pym/min
On the surface of this ep;taxial Si layer, an
Si0, layer was formed ié a thickness of 200 nm by
thermal oxidation. Then H' was implanted through the
Si0, surface layer at 40 keV at a dose of 5x10% cm™.

20 The face of the SiO, layer is brought into
contact with the face of another Si substrate (second
substrate), and the bonded substrates were annealed at
600°C. By the annealing, the bonded substrates came to
be separated into two sheets at around the projection

25 range of the ion implantation owing to porous structure

of the ion implantation layer. The surfaces of the

separated substrates were rough. The surface of the



- 34 - second substrate was selectively etched by a m xture of

49% hydrof l uoric acid and aqueous 30% hgdr ogen peroxi de. Thereby the
ion inplantation |ayer was conpletely etched off with the single
crystal Si 5 remai ni ng unetched as the etch-stopping material.

Since the nonporous single crystal Si is etched extrenely slowy, the
decrease of the filmthickness thereof is practically negligible
(about several skepAd substrhtAngasbr sedpcti¢ely etched byThRumixiugiengife
crystal Si layer of 0.2 pmthick was formed on the Si oxide film The
thi ckness of t#8% hydrofdunnwdcsariieandysguroBE BRFehYAEOIRBasured at 100
points over the entire layer, and the uniformty of the | ayer

t hi ckness was peunditde. beTBerehwnteenﬁpn igplantation lpNETSWEStrate havi ng
the single crystal Si | ayer transferred thereon was heat treated at
1100[err] C compﬂsﬁeéﬁeeﬁ§bﬁdlﬁf§ W} ERo &R éﬁHSQEhQFXSt?He dur f ace
roughness was about 0.2 nn1|n terns OL? r%? uare £ roughness for
a 50 pn1séuarerF@§FBﬁn§S g?@ﬁigafgﬁﬁg nlcroscopy

This is the sane | evel as that of th ey, fe
No crystal defect was POORE (B&PRPFS gnﬁﬂ r%lgé'tlomqfiy RS t he
Si layer, and ex eIIe

obser vati on H.yhglgy&gg s%%t Ao clr%a%\é WS Ui 140 18 Jididai ned by

eCtIOI'l wth transm ssion el ectron

m croscopy. thereof is prg%lc%ﬂlmeﬂlﬁﬁﬁm% l(@Arut YRIJHAY 1@&hd he
of Angstroms).

10 Thus, a single crystal Si layer of 0.2 um thick
was formed on the Si oxide film. The thickness of the
formed single crystal Si layer was measured at 100
points over the entire layer, and the uniformity of the
layer thickness was found to be 201 nm + 6 nm.

15 ’ The substrate having the single crystal Si
layer transferred thereon was heat treated at 1100°C
for one hour in a hydrogen atmosphere. The surface
roughness was about 0.2 nm in terms of average square
roughness for a 50 ym square region as measured by

20 interatomic force microscopy. This is the same level
as that of the commercial Si wafer.

No crystal defect was found to be introduced
additionally into the Si layer, and excellent
crystallinity was found to be maintained by observation

25 of the cross section with transmission electron
microscopy.

The ion implantation layer remaining on the



f

- 35 - first substrate was al so etched selectively by a

ni xture of 49% hydrofluoric acid and aqg us 30% hydr ogen per oxi de
With stirring. The substrate was urther subjected to surface
treatment such as hydrogen 5 anneal i ng and surface polishing. Thereby
t he substrate could be reused as the first substrate or the second
substrate. For reuse as the first substrate, the decrease
of the wafer t higlgiesubMsatdd WTRIIRS dBcHRd sdieadtivlly by ayer grow h.
Thus the substrate was nade reusabl e sem permanently. In the second
or later use, wWiskture of AU¥ aidroflayaricgrapiid) drid Eqessus 30t 0. 30 pm
but corresponds to the thickness decrease, and the ion

i npl ant ati on | &ydrogen @ereckiides iwddeh fstigpiivax alThel Substrpies was

Exanpl e 2 On a single crystal Si substrate (first
substrate), sifgrdherysudljeSitadasayrsmfags ttraatingnt such as hydrogsmess
of 0.50 pm by CVD (chemical vapor 20 deposi tion) under the growth
condi ti on$ bel @gnealing and surface pgduishdnghs: Therghy ¢thg Gyhstgatgerr]

Gas flow rate: 0.5/180 L/mn . Gas pressure: 80 Torr
Tenperature: 9303 hg @euspd as the first sybffmpteqr they SRERfd nin

Then Herr] was inpl anted through the epitaxial | ayer on the surface
at 50 keV at aﬁﬂﬁg%Qﬁt%WEO[err] cnerr]. -

For reuse as the first substrate, the decrease
of the wafer thickness was supplemented by epitaxial
10 layer growth. Thui fhe substrate was made reusable
semipermanently. In the second or later use, the
epitaxial layer growth thickness is not 0.30 um, but
corresponds to.the thickness decrease, and the ion
implantation layer is formed inside the epitaxial
15 layer.‘
Example 2 v
On a singie crystal Si substrate (first
substrate), single crystal Si was grown epitaxially in
a thicgness of 0.50 pm by CVD (chemical vapor
20 deposition) under the growth conditions below.
Source gas: SiH,Cl1,/H,
Gas flow rate: 0.5/180 L/min
Gas pressure: 80 Torr |
Temperature: 950°C
25 Growth rate: 0.30 pm/min
Then H' was implanted through the epitaxial

layer on the surface at 50 keV at a dose of 6x10 cm™2.



- 36 - The face of the epitaxial |layer is brought into
contact with the face of another Si subggrate (second substrate)
having an SiJerr] layer of 500 nmthick forned t hereon, and the
bonded substrates were annealed at 5 550C. By the annealing, the
bonded substrates canme to be separated into two sheets at around the
proj ection range of the ion inplantation. The surfaces of the
separated substrates wene FavghofTBResupitariell flbhger is brxeughd smigetrate
was sel ectively etched by a m xture of 10 49% hydr of l uoric acid and
aqueous 30% hydebagastpeitki dhe face wift Anstheri 8. sGbetebyet feecond

I npl antation | ayer was conpletely etched off with the single crystal
Si renai subgtwatedhbdvasgt he 8i0h-Fayepiel§ PRQ epnathick formed

The nonporous single crystal Si is etched 15 extrenely slowy, and the
decrease of ththeirean, and thei bknded S§b§¢§éFP§aWP¥ené@PPQ@SﬁeaFabout
several tens of Angstrons). surface was fl attened
by polishbng. 550°C. By the ?ﬁﬂ?alangvn§P§ PP?Q?QISSPSF£?§PsoPa@e5thrr]m
thick 20 was forned on the Si oxide film  The thi ﬁpess of the

formed single éﬁy§?QPrSFeﬂa}BF°m&§°n§5§ﬁF§da&taf@@n e PEGIREEIGPer the

entire layer, and the unhforn1t cknes found to

be 498 nm 15 RARP9e © e ion Xm?ﬁgngaﬁl.ggé rgglghﬁé‘ssav?/&ss a%o\llj\?'eo 2 nmin
terms 25 of averiggnﬁg t%at%ggaggisr QghThSQhEUE%ﬂ¥% e k %g%ﬂé

as neasured bysFRFE For-ce m Croscop sanme | evel
as that of thesggggﬁr%h%st§%ﬁga§% selectively etched by a mixture of

10 49% hydrofluoric aq}d and aqueous 30% hydrogen peroxide
with stirring. Thereby the ion implantation layer was
completely etched off with the single crystal Si
remaining unetched as the etch-stopping material.

The nonporous single crystal Si is etched

15 extremély slowly, and the decrease of the film
thickness is practically negligible (about several tens
of Angstroms).

The surface was flattened by polishing.
Thus, a single crystal Si layer of 0.5 um thick

20 was formed on the Si oxide film. The thickness of the
formed single crystal Si layer was measured at 100
points over the entire layer, and the uniformity of the
film thickness was found to be 498 nm * 15 nm.

The surface roughness was about 0.2 nm in terms

25 of average square roughness for a 50 um square region
as measured by intgratomic force microscopy. This is

the same level as that of the commercial Si wafer.
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- 37 - No crystal defect was found to be introduced
additionally into the Si layer, and excghl ent crystallinity was found
to be nuaintained by observation of the cross section with

transm ssion electron 5 m croscopy. The ion inplantation
| ayer remai ning on the first substrate was al so etched sel ectively
by a m xture of 49% hydrofluoric acid and aqueous 30%

hydrogen peroxi de w t hngt cirisal degesttbaasafeounds tolbe inftwoduerdsubj ect ed
to surface treatnment such as hydrogen anneal i ng and surface

pol i shing. Themnahytibaaldhpstihabethe Si lagelrd bad exced lent he first
substrate or the second substrate. For reuse as the
first substraterystalddoicyswas]Foundottot be neiataimed by obrervation

suppl ement ed by epitaxi al l'ayer growth. Thus the substrate was nade
reusabl e ofs sheperossesecriom ikl $Feasdissd sy qlaciton he

epitaxial layer growh thickness is not 0.50 [err] m but corresponds
to thicknéss dmiczaseopand: the ion 20 i npl antation |ayer is formed

i nsi de the epitaxial er. ) Eﬁ%gfpleB . s On a
single crystal Si subsfrlhét é-o(“f |’1"§’t1antat1°ns B mSPa N Ot NG al S was

grown epitaxiall,

a thickness Q. D (chem cal vapor
deposi tion) und ér?"/'"stthé SRS 8RF 6 55’5 h&ff Sl vely &Y' Sour ce
gas: S'H[er%LC%L?rrLﬁﬁhg&:hydrofluoric acid and aqueous 30%

hydrogen peroxide with stirring. The substrate was
10 further subjected to surface treatment such as hydrogen
annealing and surface polishing. Thereby the substrate‘
could be reused as the first substrate or the second
substrate.
For reuse as the first substrate, the decrease
15 of the‘wafer thickness was supplemented by epitaxial
layer growth. Thus the substrate was made reusable
semipermanently. in the second use or later, the
epitaxial layer growth thickness is not 0.50 pm but
corresponds to thiékness decrease, and the ion
20 implantation layer is formed inside the epitaxial
layer.
Example 3
On a single crystal Si substrate (first
substrate), single crystal Si was grown epitaxially in
25 a thickness of 0.30 pym by CVD (chemical wvapor
deposition) under the growth conditions below.

Source gas: SiH,Cl1,/H,



- 38 - Gas flowrate: 0.5/180 L/mn

Gas pressure: 80 Torr - gglenperature: 950[err]C

Gowth rate: 0.30 [err]mMmn 5 On the surface of this
epitaxial Si layer, an Sigerr] layer was fornmed in a thickness of
200 nm by thermal oxidation. Then Herr] was inplanted through the

SiJerr] layer surface at 40 keV at a dose of 5X10[err] cnjerr].
The face of the SiJerr] | sa flowratght 0.8/A80104/mincontact with the face

of another Si substrate (second substrate) having an SiJerr] |ayer
of 500 nmthick forned Gas pressmre::an@d Mormwonded substrates were
anneal ed at 600[err]C. By the annealing, the bonded substrates cane
to be separated int Fempersitages at 9F¢hd the projection 15

range of the ion inplantation. The ion |nplantat|on | ayer remai ning
on the second substrate waSrsstcmakssy 0.30 w/@Had by a mixture of 49%
hydr of | uoric acid and aqueous 30% hydrogen peraoxide with stirring.
Thereby 5 the ion qrhrﬂhz?ntsé‘trl Gee Aferthiss edm®dad) Pletd@¥&F o™ 20
with the si ngle crystal Si remal ni ng,unet ched. as the ef ch- st oppi ng
material . $1i0," layer ‘I’ﬁﬁs formed jpea CF{}%FﬁP‘%ﬁ PLyéPOpmoby pm t hi ck

formed on the Si t hi gk f.th d |
Crysial S | aySPoRRE SRRt R 100oms NaBoiRpLeBTen hEowRl FBol ayor.

oo the 0T gty shyliopurrape b IRLRBELIES] HBse! ndi el T €

The face of the Si0, layer is brought into

10 contact with the féce of another Si substrate (second
substrate) having an Si0O, layer of 500 nm thick formed
thereon, and the bonded substrates were annealed at
600°C. By the annealing, the bonded substrates came to
be separated into two sheets at around the projection

15 range éf the ion implantation. The ion implantation
layer remaining on the second subgtrate was selectively
etched by a mixture.of 49% hydrofluoric acid and
aqueous 30% hydrogen peroxide with stirring. Thereby
the ion implantation layer was completely etched off

20 with the single crystal Si remaining unetched as the
etch-stopping material.

Thus, a single crystal Si layer of 0.2 um thick
was formed on the Si oxide film. The thickness of the
formed single crystal Si layer was measured at 100

25 points over the entire layer, and the uniformity of the
film thickness was found to be 201 nm * 6 nm.

The substrate having the single crystal Si



!

- 39 - | ayer transferred thereon was heat treated at 1100[err]C
f'or one hour in a hydrogen atnobsphere- 3be-surface roughness was
about 0.2 nmin terns of average square roughness for a 50 pm square
region as neasured by 5 interatom c force mcroscopy. . This is the sane
| evel as that of the comrercial Si wafer. No crystal
defect was found to be introduced additionally into the Si |ayer,
and excel |l ent layer tzapstfairived theweeonf wasdheathdnegitedaiated 1PP°C
observation 10 of the cross section with transm ssion el ectron

m croscopy. for one hour imea bydregeanedmosgphesifer MISHTFRESh t he
first substrate was al so etched sel ectively by a m xture of 49%
hydrof | uori c arpPughnessqwesueboyk 012 nm {pgteda Sf SVeFedR A5 S ri ng.
The substrate was further subjected to surface treat such as
hydr ogen royghagissnFoan@ SG 1 SIETEs MSFG-OTT IS &%;astq;%%; Strate
could be reused as the first substrate or the _second %yq%;hgge. 20

Exampl e 45 interatomichforcs gYcroscPRYa PSS rA% G s

substrate), single crystal .Si was graq i;%,:i ly in a thickness
of 0.30 pm by D% erﬂfgéihevﬁ?&meg"c"\gq %g'epometqgl'on) under the growth

condi tions below. 25 I 33ind toond Sddddidd / Herr]
Gas flowrate: 0.5/ 1801\19/ ﬁWStal deted!es nGas o[?r essure: 80 Torr .

additionally into the Si layer, and excellent
crystallinity was found to be maintained by observation

10 of the cross section with transmission electron
microscopy.

The ion implantation layer remaining on the
first substrate was also etched selectively by a
mixture of 49% hydrofluoric acid and aqueous 30%

15 hydrogén peroxide with stirring. The substrate was
further subjected to surface treatment such as hydrogen
annealing and surface polishing. Thereby the substrate
could be reuéed as the first substrate or the second
substrate. |

20 Example 4

On a single crystal Si substrate (first
substrate), single crystal Si was grown epitaxially in
a thickness of 0.30 um by CVD (chemical vapor
deposition) under the growth conditions below.

25 Source gas: SiH,Cl,/H,

Gas flow rate: 0.5/180 L/min

Gas pressure: 80 Torr



- 40- Tenper at ur e: 950[err] C
Gowmh rate: 0.30 [err]mmn - 40 - On the surface of this
epitaxial Si layer, an Sigerr] layer was forned in a thickness of
200 nmby 5 thermal oxidation. Then Herr] was inplanted through the
Sigerr] layer surface at 40 keV at a dose of 5X10[err] cnferr].
Separately, a nolten quartz substrate (second substrate) was
provi ded. The surface of tfempechturé:| ay®s0°C of the first substrate
and the surface of the nolten 10 gquartz substrate were subjected to
pl asma treat nent, aGdowtbhedtest h QeBerumfménbot h faces were brought
into contact with the each other, and the bonded ] substrates were
anneal ed at 600[ err] C. OBytheesunfisaei 0§, this epitpeipdnfddlayBser 8Pes cane
to be separated into two 15 sheets at around the_projection range of
the ion Sifpl kaver was formed i@ ERFCKIRSS 5 20R PR BE r at es
wer e rough omﬁng to the porosity of the jon ati er. The
e

: > . i ant n |ay

surface of thetBermad oxidatigppst FheB ﬁaéwéﬁﬂiﬁﬁ}%ﬂf%ge ﬁ%ﬁg%y R i xture
f 49% 20 hydr of | ' i d and 30% hyd '

aﬁth stirring.s¥9;gﬁﬁ5g{h%u$ Ic$ﬁ%$é%?§§$%§a$a§é$¥ nggnsgféﬁééﬁgretely
etched off with the S'Eghgr%%£i§§lashol$ﬁasqu5§@§'ghﬁgt&%ﬁkpqggfaﬁétna

et ch-stopping nmaterial: . a single crystal ayer of
0.2 pmthick - 25 f : tr aRePLS L RURE Zheuksly ai §yerThe
t hi ckness of tﬁgbfsgrrneg)s%g:agrgﬁ}figtggl' S? l'ayer was rrea%ure%egt 100

points over thgeeRhbl ¢1ha%elsubdidatBeand the surface of the molten

10 quartz substrate were subjected to plasma treatment,
and washed with water. The both faces were brought
into contact with the each other, and the bonded
substrates were annealed at 600°C. By the annealing, -
the bonded substrates came to be separated into two

15 sheets‘at around the projection range of the ion
implantation. The surfaces of theg separated substrates
were rough owing to the porosity of the ion
implantation layer. The surface of the second
substrate was selectively etched by a mixture of 49%

20 hydrofluoric acid and aqueous 30% hydrogen peroxide
with stirring. Thereby the ion implantation layer was
completely etched off with the single crystal Si
remaining unetched as the etch-stopping material.

Thus, a single crystal Si layer of 0.2 pm thick

25 was formed on the transparent quartz substrate. The
thickness of the fbrmed single crystal Si layer was

measured at 100 points over the entire layer, and the



- 41 - uniformty of the |ayer thickness was found to be 201

mm 6 nm The substrate Raving the single crystal S

| ayer transferred thereon was heat treated at 1100[err]C 5 for one hour
in a hydrogen atnosphere. The surface roughness was about 0.2 nmin
ternms of average square roughness for a 50 pm square region as
measur ed by interatomc force mcroscopy. This is the sane | eve

as that of theyaofEBeniitgl ofi thef aayerl®hickness wasNfoungsttal beeffdt was
found to be introduced additionally into the Si |ayer, and excellent
crystallinity mms+f 6una.t 0 be maintai ned by observation of the cross
section with transm ssion el ectron nicrosqop{. 15 . The

i on inplantation | ayer Thensubistgage bawing the ginglesFastade Sfas al so
etched selectively by a m xture of 49% hydrofluoric a i% qr&d aqueous
30% hydieyen perosifeathd; Fhereon wgs Pests IFertede afnd 100

further subjected to surface treatnent such as deroge 20 anneal i ng
and surfaée'pofP§hPﬁ&.hoPﬁéPQb?-PW@IQEE?tPEWQSP ere. C§WFH§N§ sed as the

first substrate.

substrate (fi r_§Pughness gxl?%snpﬁlbg’[“% 0-& 7% g'ncrtfsﬁmaﬁ%f a\?\}/aers}qg%o%ﬁi{%tﬁlaét ?‘f; ally
Iuﬂder25t he Sr g%ﬁﬁng‘%‘%sg g%ES%efg(?W% %\éga(r(‘eh?@g&%n \é%oﬁggljsrugeeaga : post tom
SiH[err]CI[errh%HLE%%Bmic force microscopy. This is the same level

as that of the commercial Si wafer.

10 No crystal defectlwas found to be introduced
additionally into the Si layer, and excellent
crystallinity was found to be maintained by observation
of the cross section with transmission electron
microscopy.

15 ’ The ion implantation layer remaining on the
first substrate was also etched s%lectively by a
mixtu%e of 49% hydrofluoric acid and aqueous 30%
hydroéen peroxide with stirring. The substrate was
furthér subjected to surface treatment such as hydrogen

20 annealing and surface polishing. Thereby the substrate
could be reused as the first substrate.

Example 5
On a single crystal Si substrate (first
substrate), single crystal Si was grown epitaxially in

25 a thickness of 0.50 pm by CVD (chemical wvapor

deposition) under the growth conditions below.

Source gas: SiH,Cl,/H,



- 42 - Gas flowrate: 0.5/180 L/mn

Gas pressure: 80 Torr - g4plenperature: 950[err]C

Gowth rate: 0.30 [err]mMmn 5 On the surface of this
epitaxial Si layer, an Sigerr] layer was fornmed in a thickness of
200 nm by thermal oxidation. Then Herr] was inplanted through the

surface SiJerr] layer at 60 keV at a dose of 5X10[err] cnferr].
Separately, a sapphire subglasatfiowsaaied 0LG/180sulystimate) was provi ded.

The surface of the SiJerr] |ayer of the first substrate and the
surface of the second Gass ghreigsatre :weB® Juiyrected to plasma treat nment,
and washed with water. The both faces were brought into

contact with each other, afénperatmmésd sHPX°Cates were 15 anneal ed at
600[err]C. By the annealing, the bonded substrates cane to be
separated into two sheets &rowth ratgioun® 3% W/&idkti on range of the ion
I npl ant ati on. The surface of the second substrate was sel ectively

etched by % mixture of odhey derags iof ¢ apitartal SHquesirr 3o
Y ogen Dot Oxi e Dot LLL! MR o ek et SPosl BRL 1 On | e
unet ched 25 ¢ e oD, TP AL septangog cpegngll B8 CIE
e Ehenionl Gy g MOSHhOHEpCogbepTagRige apet e,
100 Separately, a sapphire substrate (second
10 substrate) was provided. The surface of the SiO, layer
of the first substrate and the surface of the second
substrate were subjected to plasma treatment, and
washed with water. The both faces were brought into
contact with each other, and the bonded substrates were
15 anneaiéd at 600°C. By the annealing, the bonded
substrates came to be separated into two sheets at
around the projection range of the ion implanfation.
The surface of the second substrate was selectively
etched by a mixture of 49% hydrofluoric acid énd
20 aqueous 30% hydrogen peroxide with stirring. Thereby
the ion implantation layer was completely etched off
with the single crystal Si remaining unetched as the
etch-stopping material.
The etched surface was flattened by polishing.
25 Thus,.a single crystal Si layer of 0.4 um thick

was formed on the sapphire substrate. The thickness of

the. formed single crystal Si layer was measured at 100



- 43 - points over the entire layer, and the uniformty of the
|"ayer thickness was found to be 402 nm 482 -nm The surface
roughness was about 0.2 nmin terns of average square roughness for
a 50 [err]msquare region 5 as neasured by interatom c force

m croscopy. This is the sane level as that of the commercial Si
waf er . No crystal defect was found to be introduced

addi tional |y i podntse oSierd dher endiideed@atdmntand the wydiforaiiltivnias) ties
found to be nmaintai ned by observation 10 of the cross section with
transni ssi on el@yerorthicknesg mess foppd to be 402 nm * fFe qhn j npl ant ati on
| ayer remaining on the first substrate was al so etched sel ectively
by a m xture of THe SWrfasE FOUENESS] Wak ahpiods B ify terms
hydr ogen peroxide with stirring. The substrate v%s further '

subj ected to s@ff AVETRGETRIAT S FOrRNGR™ TR P - SEHRES iTRELAT

surface palishing. Thereby . .the substrate coul d be reused as, the
first substrat @& measurgd by interappmic force migroscnyy o ta  Si

substrate (fir subst r at singl.e cr ﬂf}! | . gr epitaxially
in a th?cé’t?n? eofleﬁ'.eéo atﬁn%tmﬁ(t&eerﬁ%ca R/cg'paol\r,\%sl Elo]é,\énrd'eposi tion)

under the growth condi tj o W. %rﬁg !
SiHerr]CJ[err]/Herr] tl\}ongsr ﬁq"laq' defect wa(fasf?l?rbdwtroatbe%? : /ﬁ%ﬁﬁ mn
Gas pressure: 8Q5i%ionally into the si lakRiPerfid&celirerr]C

crystallinity was found to be maintained by observation

10 of the cross section with transmission electron
microscopy.

The ion impléntation layer remaining on the
first substrate was also etched selectively by a
mixture of 49% hydrofluoric acid and aqueous 30%

15 hydrogén peroxide with stirring. The substrate was
further subjected to surface trea?ment such as hydrogen
anneéling and surface polishing. Thereby the substrate

~could be reused as the first substrate.
'Example 6

20 . On a single crystal Si substrate (first
substrate), single crystal Si was grown epitaxially in
a thickness of 0.60 pm by CVD (chemical wvapor
deposition) under the growth conditions below.

Source gas: SiH,Cl,/H,
25. Gas flow rate: 0.5/180 L/min

Gas pressure: 80 Torr

Temperature: 950°C



- .44 - Gowth rate: 0.30 [err]mmn

On the surface of this epitaxial Si |ayer4 -an SiJerr] |ayer was
formed in a thickness of 200 nm by t hermal oxidation. Then H err]
was i npl anted through the 5 Sigerr] surface layer at 70 keV at a dose
of 5X10[err] cnferr]. Separately, a glass substrate (second
substrate) was provided. The surface of the Si(Jerr] |ayer of the
first substrate and the surdrmethvirates sedbif pm/minsybstrate were
subjected to plasma treatnent, and 10 washed with water. The both

faces were brought int®n the suxfaggoftiheRM GHAL Fhdla¥Rr borRled
substrates were_, anneal ed at 600[errhg. y the aBB%alin , the bonded
substrates cant® BEYEEpYRS: £9TMREIPWE Ehdckpess of Aoi¥d t he

projection ran of the i,od‘uaél | ant he.s rfgce of the second
0

tion, 15 .
substrate was sel¥ctHvda%t 0. ot qu'[)ngsmlglp&agt OHG, Siori
id and 30% hyd i i 1 Stirsing.Ther.eb
The i on i bl ant R T 1985 d8Y EoRS ZBks Verinaqogpp of SXioj HFrY

ched ™0 Wit t he single
crystal Si remaining u :%nfagt t 2 P terial.
The etched surface wasr% at en%}'b?p%]l?%s isng.ﬂacéé) fadlodd Thus, a

single crystal Qind@yfte Pluds %]ngfgfdgdik . he surfifcd BFBhOSIHe 1ayer

transparent glass substrate. I ckness of the for medz_ si ngl e
crystal S layeds e £irst JEAPFHE dnd Ohd WUt fadly &1 [ife BBbEERA | ayer,

and the uniformty of the thickness was found to be 501 nm 15
nm . substrate were subjected to plasma treatment, and
10 washed with water. The both faces were brought into

-

contact with each other, and the bonded substrates were
annealed at 600°C. By the annealing, the bonded
substrates came to be separated into two sheets at
around the projection range of the ion implantation.

15 The su;face of the second substrate was selectively
etched by a mixture of 49% hydrof}uoric acid and
aqueous 30% hydrogen peroxide with stirring. Thereby
the ion implantation layer was completely etched off |
with t?e single crystal Si remaining unetched as the

20 etch-stopping material.

The etched surface was flattened by polishing.

Thus, a single crystal Si layer of 0.5 um thick
was formed on the transparent glass substrate. The
thickness of the formed single qrystal Si layer was

25 measured at 100 points over the entire layer, and the

uniformity of the thickness was found to be 501 nm #* 15

M.



r

- 45 - The surface roughness was about 0.2 nmin terns

of average square roughness for a 50 pmygquare regi on as ‘neasured by
interatomc force mcroscopy. This is the sane |level as that of the
commercial Si wafer. 5 No crystal defect was found to be

I nt roduced additionally into the Si |ayer, and excell ent
crystallinity was found to be mai ntai ned by observation of the cross
section with transn ssipa gueghteNroughnessi wassaboput 012 nm in termsThe
ion inplantation |ayer remaining on the first substrate was al so
etched sel ecti yegl yvbyage squarenrsughaest £0% ly Glofinueguarec redde® aqueous
30% hydr ogen peroxide with stirring. The substrate was i

further subjechedmeasurckiaty tintarmronisudorse Migmegeepys Thignd&al i ng
and surface polishing. Thereby the substrate coul d be reused as the
first substrat&he same levedplae that of the commegeiglsiSigMWaferystal Si
substrate (first substrate), single crystal GaAs was grown

epitaxial By 20 in Ao vetads dgfests waR HRPURSCRS (q?eﬂé}trg’tdé’ﬁ%dc

chem cal vapor deposition) under the growth conditions bel ow.

Sour ce gas: PRy tAempddy) Aytey fghe S1 layer, an exce@frﬂi’essure: 80 Torr
s s | ayerrab e Son AS0K S mvpsaras, o bl s
nm . Then H[errkfm¥%e cross section with transmission electron
microscopy.
10 The ion implantation layer remaining on the
first substrate was also etched selectively by a
mixture of 49% hydrofluoric acid and aqueous 30%
hydrogen peroxide with stirring. The substrate was
further subjected to surface treatment such as hydrogen
15 annealing and surface polishing. Thereby the substrate
could be reused as the first substrate.
Example 7
On a single crystal Si substrate (first
substrate), single crystal GaAs was grown epitaxially

20 in a thickness of 0.5 pm by MOCVD (metal organic

chemical vapor deposition) under the growth conditions

below.
Source gas: TMG/AsH;/H,
Gas pressure: 80 Torr
25 Temperature: =~ 700°C

On the surface of this GaAs layer, an SiO, layer

was_formed in a thickness of 50 nm. Then H' was
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- 46 - I npl anted through the surface SiJerr] layer at 60 keV at
a’ dose of 5X10[err] cnferr]. - 46 - The face of the SiJerr]
| ayer of the first substrate mas‘%rought into contact with the face
of 5 another Si substrate (second substrate), and the bonded
substrates were annealed at 600[err]C. By the annealing, t he bonded
substrates cane to be separated into two sheets at around the

proj ection ranggnfaritied i €frough thd BUPFHE 1910, TgeiUa®es kel tHie a
separated substrates 10 were rough owing to the porosity of the ion

i mpl antation | aysde dhesxwL0*Paew?0f the second substrate was

sel ectively etched by a m xture of et hyl enedi am ne, pyrocatechol,
and water (m xing rati d’he face oflAhd :SiD,glafyenl pfatthel Fiewst] C. Ther eby
the ion 15 i mpl antation |layer and the residual first Si substrate

wer e conpl et el ysuhstrateféasibioudht sinkp ecantach| wiisthe face refmi ni ng
unetched as the etch-stopping material. Thus, a single
crystal GfAs | AnQthgr BL gpstrate (speandsubstrte bn 2@ e sheppded: e.
The thickness of = 20 the formed single cnﬁital GaAs | ayer was_ neasured

at 100 pHRRETHRS WoRe antealedyRt 6Nt ayRY TP cRRRA’Ling,
ARSI TR NC N ML p—
7, 20 Lol M S LU ur g, o SREAE RIS R JACS, L o,
waf er. implant%i&q.y St‘ﬁlne dsﬁ.{xefécé{@sof QH.‘Qéj éé’p@lea{:&& r&%’&@:@ates
10 were rough owing tg the porosity of the ion-
implantation layer. The surface of the second
substrate was selectively etched by a mixture of
ethylenediamine, pyrocatechol, and water (mixing ratio
= 17 mL: 3 g: 8 mL) at 110°C. Thereby the ion
15 implan%ation layer and the residual first Si substrate
were completely etched off with the single crystal GaAs
remaining unetched as the etch-stopping material..
Thus, a single crystal GaAs layer of 0.5 pm
thick Was formed on the Si substrate. The thickness of
20 the formed single crystal GaAs layer was measured at
100 points over the entire layer, and layer thickness
uniformity was found to be 504 nm * 16 nm.
The surface roughness was about 0.3 nm in terms
of average square roughness for a 50 ym square region
25 as measured by interatomic force microscopy. This is
the same level as that of the commercial GaAs wafer.

No crystal defect was found to be introduced



- 47 - additionally into the GaAs | ayer after the epitaxia
growt h, and excellent crystallinity wasgfound to be mai nt ai ned by
observation of the cross section with transm ssi on el ectron

m croscopy. 5 The ion inplantation |ayer remai ning on the
first substrate was al so etched selectively by a m xture of 49%
hydr of | uori ¢ acid and aqueous 30% hydr ogen peroxide with stirring.
The substrate waditionalliuihker thebeasedayersaifitere thecepitarisdch as
hydrogen 10 anneal i ng and surface polishing. Thereby the substrate
coul d be reusegrawthheahdr ekcelbentateystalhdnidyonas found £ohHer at e.
Exanpl e 8 On a single crystal Si substrate (first 15
substrate), singliateipetiabyl pbseayagionnofpithgxFarsg sgction wizhy hi ckness
of 0.7 [err]mby MOCVD (netal organic chem cal vapor deposition).

On the surfacetmﬁnshn§snﬁp-Bdﬁ@ﬁroénmSPGPéppPYlayer was forned in a
t hi ckness of 50 nm Then Herr] was Ianted t.hr.ough tQ% Siqerr]
surface | &yer at 80 ke¥hg ign 1mPlan&8§é°8fl fﬁ[&?ﬂf @ﬁf@g

The face of the SiQ2 |ayer of the first rought into
contact with tf&dIsicsuppstrate Waﬁn@&ﬁ@re§0h§€bgﬁ %t substrate)

018 0o 4l PR e, AR b S0 e
range of the i%@ f@@e'“5@%6%1dé”%§£ﬂ“§%¥¥¥ing. The substrate was
further subjected to surface treatment such as hydrogen
10 annealing and surface polishing. Thereby the substrate
could be reused as the firét substrate or the second
substrate.
Example 8
On a single crystal Si substrate (first
15 substréte), single crystal InP was grown epitaxially in
a thickness of 0.7 pm by MOCVD (m%tal organic chemical
vapor deposition).

On the surface of this InP layer, an SiO, layer
was formed in a thickness of 50 nm. Then H' was

20 implanéed through the SiO, surface layer at 80 keV at a
dose of 5x10'® cm™.

The face of the SiO, layer of the first
substrate was brought into contact with the face of
another Si substrate (second substrate), and annealed

25 at 600°C. By the annealing, the bonded substrates came

to be separated into two sheets at around the

projection range of the ion implantation. The surfaces



f

- 48 - of the separated substrates were rough owing to the

porosity of the ion inplantation |ayer.4g8he surface of t he second
substrate was selectively etched by a m xture of 49% hydrofluoric
acid and aqueous 30% 5 hydrogen peroxide with stirring. Thereby the ion
I mpl antation |layer and the residual first Si substrate wer e
conpletely etched off with the single crystal InP remai ni ng unet ched

as the etch-stofpithg separaiked substrates wereTkoughgosiingl &ocithet al | nP

| ayer of 0.5 [err]m 10 thick was fornmed on the Si substrate. The

t hi ckness of porostilty bdér tbe dpnglimpippsesiopnpayeyer kRe mEf@cs&d okt 100
points over the entire |ayer, and | ayer thickness uniformty was
found to be 70£hﬁnsezgnﬁnSUbStrate was selepdiygly,edohsiyi¥ess was about
0.3 nmin terns of average square rou h ess for a 50 square region
as neasured bymF'-Fffté‘F&t & égf%opé’ér &PBE&Gp? 1¢hand ?q“eous e same | evel

as that of the cogmercial | nP crystal defect was
found to Ee inbygaegeﬂ perOdeﬁdHFFPoﬁ§FF§lP9to FW?IN%Q' aver-After the

[ i al . || [
P ol 20 apeddieSAS A b YRR, o SO
el ectron n1cros

t he fird Sugg{npaetemgs é:l‘:hed-el-tggﬁegaﬁan?ﬁ\%gfqb% | : téler%iﬂ;!t E?eon
of 49% hydr of | YRk gl Wikt AR WS tag%tch-st&aﬂr@%ﬁ&rm i de wi th

stirring. The substrat further subjected to surface treatnent
such as hydrogen Thus, a single crystal InP layer of 0.5 um
10 thick was formed on the Si substrate. The thickness of
the formed single ;rystal InP layer was measured at 100
points over the entire layer, and layer thickness
uniformity was found to be 704 nm * 23 nm.
The surface roughness was about 0.3 nm in terms
15 of aveéage square roughness for a 50 pm square region
as measured by interatomic force Ticroscopy. This is
the same level as that of the commercial In? wafer.
No crfstal defect was found to be iétroduced
additionally into the InP layer after the eﬁitaxial
20 growth: and excellent crystallinity was found to be
maintained by observation of the cross section with
transmission electron microscopy.
The ion implantation layer remaining on the
first substrate was also etched selectively by a
25 mixture of 49% hydrofluoric acid and agqueous 30%

hydrogen peroxide with stirring. The substrate was

- further subjected to surface treatment such as hydrogen



- 49 - anneal ing and surface polishing. Thereby the substrate
could be reused as the first substrate g t-he second substrate
Exanpl e 9 5 On a single crystal Si substrate (first
substrate), single crystal Si was grown epitaxially in a thickness
of 0.30 [err]m by CVD (chem cal vapor deposition) under the growth
condi ti ons bel ow. Sour ce gas: SiHerr]dJ[err]/Herr]
10 anne@sirfd and aurfanes/pdtidhing. Thereby the substiaie
pressure: 80 Torr Tenper at ur e: 950C

Gowh rate: W@ g meused as the firstpubRtzafe R ©ie (2D t axi al
Si layer, an 15 SiJerr] layer was forned in a thickness of 200 nm by

t her mal oxi dat iss¥esStHReHe[err] was inpl anted through the surface
Sigerr] layer at 80 keV at a dose of 5X10[err] cnierr]. The
face of the Si &*@mML8 Ker was brought into contact with the face of

th Si bstr at d,?2 hst d d at 600 C.
By the antealing.  « OF the BRI L SR] HbeUETE oE Sebhr ated | nt o
t heet t d th | ' ' . s
[ V\rnl(;l ant ati 0?1. e%@’%ﬁ at;éé)g’noﬁque?eé);%c‘gsﬁédé]gaso{st ra% eé)gv\?avssxbeeﬁ%x%ae lé%t:ll'r\l/e| y
hed b ' . % i ' 30%
Py agen per ox eLtiy TPt 4 290 Ak 1y g (o ot

hydr ogen peroxide w e 1on Inplantation | ayer

was conpl etely geposi tfIE)ahddd Wd AR AAEL €15d BbeRbw I €MRI NI NG
Source gas: SiH,Cl,/H,
10 Gas flow rate: 0.5/180 L/min
Gas pressure: 80 Torr
Temperature: 950°C
Growth rate: 0.30 ym/min
On the surface of this epitaxial Si layer, an
15 Sio, léyer was formed in a thickness of 200 nm by
thermal oxidation. Then He' was %mplanted through the
surface Si0, layer at 80 keV at a dose of 5x10'¢ cm™.
The face of the SiO, layer was brought into
contact with the face of another Si substrate (second
20 substr;te), and annealed at 600°C. By the annealing,
the bonded substrates came to be separated into two
sheets at around the projection range of the ion
implantation. The surface of the second substrate was
selectively etched by a mixture of 49% hydrofluoric
25 acid and aqueous 30% hydrogen peroxide with stirring.

Thereby the ion implantation layer was completely

etched off with the single crystal Si remaining
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- 50 - unetched as the etch-stopping material. Thus,
a single crystal Si layer of 0.2 pmthigk _ was fornmed on the Si oxide
film The thickness of the formed single crystal Si |ayer was
nmeasured at 100 5 points over the entire |ayer, and the thickness
uniformty was found to be 201 nm 6 nm This substrate was
heat-treated at 1100[err]C for one hour in a hydrogen atnosphere. The

surface LALEBARAS awashabeethOsRoppling metewiafl .aver age square 10
roughness for a 50 pm square region as neasured by interatom c force
m croscopy. This is thghaapeal eiagle crystad SHaflagert k€ Compmcithiicy)

waf er . No crystal defect was found to be introduced
additional |y i wae fbem8d bay¢he S8hdomidel fddm. 15he dhickpessniafy the f ound
to be nmaintained by observation of the cross section with
transm ssi on efermednsingle criystedc&pylayer was measurethat 30

I npl antation |ayer renmaining on the first substrate was al so etched
sel ectiveby bypaingg Ovmﬁgﬁee@ftiIQ%]-ﬁyY&Fof By ithey Shd Skessueous 30%
hydrogen peroxide with stirring. The substrate was further subjected
to surface tredPAEREMIEYHWAS KPWrdgdRe be 201 By |8 M -and surface

poL LS 9. Ther eby 1 RBSLIELE poce, ag Mol HERIRPA P 0 d i
On a single Cr\t’)?'xteaho%ir %.lzjlbsa;[ Ea%tderogeinr %[tmosphere. The surface
roughness was about 0.2 nm in terms of average square
10 roughness for a 50 pm square region as measured by
interatomic force microscopy. This is the same level
as that of the commercial Si wafer.
No crystal defect was found to be introduced -
additionally into the Si layer, and excellent
15 crystailinity was found to be maintained by observation
of the cross section with transmigsion electron
microscopy. |
The ion implantation layer remaining on the
first substrate was also etched'selectively by a
20 mixture of 49% hydrofluoric acid and aqueous 30%
hydrogen peroxide with stirring. The substrate was
further subjected to surface treatment such as hydrogen
annealing and surface polishing. Thereby the substrate
could be reused as the first substrate or the second
25 substrate.

Example 10

On a single crystal Si substrate (first



- 51 - substrate), single crystal Si was grown epitaxially in

a thickness of 0.30 [err]mby CVD (chenggal vapor deposi ti on) under
the grow h conditions bel ow. Sour ce gas:
SiHerr]CJ[err]/Herr] 5 Gas flowrate: 0.5/180 L/mn

Gas pressure: 80 Torr Tenper at ur e: 950[err] C

G owmh rate: 0.30 J[err]mmn On the surface of this

epitaxial Si Iguggtraeeﬁ10s1ng§éCE§§é£aLaSErwnBngownedpnnaalbmlykmass of

200 nm by t her mal oxi dati on Then Herr] was inplanted through the
SiJerr] surfagethayRhedt 48 Be¥0apmabgos¥Dof chxm@feilr yapaierr] .

The face of the SiJerr] layer was brought into contact with the
face of anot hedePbsstheh)atndésetbadgrogth congditigns) below.

After renoval of an oxide filmfromthe reverse face of the first
substrate, the entire faceSofirchegas: ﬁéﬁéﬁlwé’s irradiated with CJerr]
| aser fromthe first substrate side. | aser was absorbed by

the 200 20 nm t hi ck SlGPérﬁFOWaVéFeatOtﬁélﬁgn&/ﬁgnlnterface to cause
abrupt tenperature rise there, and the bo&ﬁ substrates cane to be
separated by thermal stres§asnpzessure: (&0 IREZi s at around the projection
range of the ion |n%Iantat|on The % S beam may be conti nuous of
25 pul sati ve. emperafH595urfg @ gf the second substrate was

sel ectively etched by a m xture of 49% hydr g %ﬁ&ﬁin

On the surface of this epitaxial Si layer, an
10 Sibz layer was formed in a thickness of 200 nm by
thermal oxidation. Then H' was implanted through the
Si0, surface layer at 40 keV at a dose of 5x10% cm™.

The face of the Si0O, layer was brought into

contact with the face of another Si substrate (second
15 substr;te).

After removal of an oxide‘film from the reverse
face of the first substrate, the entire face of the
wafer was irradiated with CO, laser from the first
substrate side. The CO, laser was absorbed by the 200

20 nm thick SiO, layer at the bonding interface to cause
abrupt temperature rise there, and the bonded
substrates came to be separated by thermal stress into
two sheets at around the projection range of the ion
implantation. The laser beam may be continuocus of

25 pulsative.

The surface of the second substrate was

selectively etched by a mixture of 49% hydrofluoric
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- 52 - acid and aqueous 30% hydrogen peroxide with stirring.
Thereby the ion inplantation |ayer was genpletely etched off with the
single crystal Si remaining unetched as the etch-stopping material.
5 Thus, a single crystal Si layer of 0.2 pmthick was
formed on the Si oxide film The thickness of the formed single
crystal Si |ayer was neasured at 100 points over the entire |ayer,
and the thickngssd and agéédasnB0% hpdrbgendpevosddeOwitim s$immingi0

This substrate was heat-treated at 1100[err] C for one hour in a

hydr ogen at nosphereby ThhResiiohateplantationghayer was epdpleerynmin terns
of average square roughness for a 50 pm square region as measured by
i nteratom c foetehedcof§cupyh ThessinglpecrypdalePd| remginings t hat of the
comercial Si wafer. No crystal defect was found to be

i ntroduced unetghefdt psnibpyetahoStARPENT| BRELT1Nd excel | ent

crystallinity was found to be maintained by_.o servationf 0.2 mp%hgh Cross
section whth transm ssTBHSel BcELBALS26TYSERY Sdcdfyer of 0.4 » e ion

i npl antation | ayer renainin n the . Eirst bstr. et ched
sgPective|y bywés formednpggﬁﬁg gﬁ gg&?ﬁyé}ghrs T%% %B;%&%ﬁ So%l%%e

uori’c aci aqueous 30%

hydr ogen perox%gﬁgﬁ?tgaih:%ghgggtggesiug%&églgﬁﬁggeégared1gg1ﬁﬁy subj ected

to surface tre rogen I ng and surface

pol i shi ng. 'Thepghy kg 8ubthidkhitire layely! dnd tildhitd chnddie 111 st

substrate or tRe Sécon
uniformity was found to be 201 nm * 6 nm.

10 This substrate was heat-treated at 1100°C for
one hour in a hydrogen atmosphere. The surface
roughness was about 0.2 nm in terms of average square
roughness for a 50 pym square region as measured by
interatomic force microscopy. This is the same level

15 as tha% of the commercial Si wafer.

No crystal defect was foqu to be introduced
additionally into the Si layer, and excellent
crystallinity was found:to be maintained by observation
of the cross section with transmission electron

20 microscopy.

The ion implantation layer remaining on the
first substrate was also etched selectively by a
mixture of 49% hydrofluoric acid and aqueous 30%
hydrogen peroxide with stirring. The substrate was

25 further subjected to surface treatment such as hydrogen

annealing and surface polishing. Thereby the substrate

could be reused as the first substrate or the second



- 53 - substrate. ' Exanpl e 11 On a single

crystal Si substrate (first sugségage), single crystal Si was grown
epitaxially in 5 a thickness of 0.30 pmby CVD (chem cal vapor
deposition) under the growth conditions bel ow. Sour ce
gas: SiHerr]AJferr]/Herr] Gas flow rate: 0.5/180
L/mn Gas pressure: 80 Torr 10

Tenperature:  cQpQenALC Gowth rate:  0.30 pnimin

On the surface of this epitaxial Si |ayer, an Sigerr] layer was
formed in a thiggdep@ae afi 200 nm by t hermal oxidation. Then Herr]

was i nplanted through the 15 SiJerr] surface |layer at 40 keV at a dose
of 5x10[err] cnferr]. on a single cry&talf &ie svbstrats (fdmst | ayer was
brought into contact with the face of another Si substrate (second
substrate). Bpubdistrate )t heingld arysdalt I8d hasdarown epitgafiallyt HE end of
the SiJerr] layer and the end of the 20 epi taxi al |ayer were peel ed,
and the esd of a Hihiickmess of O-3§ am &v &VD dyrdhenieal sR_RpT

The bonded wafer was subjected to pyro- oxi datiqQn at 1000[err]C.
Thereby, the twWebsstidden) undexs jhe @%%ﬁ%‘qld:%‘%giﬁ%'ed conpl etely
in 10 hours 25 at the ion inplantation, ) ir The detached faces were
found to have changed to SiSUHSY 957 he %HF@% péﬁﬁphery portion

with the center portion ch%]agsechloiv} trla 0: 0.5/180 L/min

Gas pressure: 80 Torr
10 Tempereture: 950°C
Growth rate: 0.30 pm/min
On the surface of this epitaxial Si layer, an
Si0, layer was formed in a thickness of 200 nm by
thermal oxidation. Then H' was implanted through the

15 Si0, surface layer at 40 keV at a dose of 5x10' cm™.

The face of the SiO, layex was brought into
contact with the face of another Si substrate (second
substrate). By etching the end.face of the bonded
wafer, the end of the SiO, layer and the end of the

20 epitaxial layer were peeled, and the end of the ion
implantation layer was bared.

The bonded wafer was subjected to pyro-
oxidation at 1000°C. Thereby, the two bonded
substrates came to be separated completely in 10 hours

25 at the ion implantation layer. The detached faces were

found to have changed to SiO, at the wafer periphery

portion with the center portion changed little.



- 54 - The surface of the second substrate was

sel ectively etched by a mxture of 49% Rydrofluoric acid and aqueous
30% hydrogen peroxide with stirring. Thereby the ion inplantation

| ayer was conpletely 5 etched off with the single crystal Si remaining
unetched as the etch-stopping material. Thus, a single
crystal Si layer of 0.2 pmthick was fornmed on the Si oxide film The

thi ckness of the They RE-fHcel|oF Ahes tsticatid |sutartnetee measured at 100
10 points over the entire |ayer, and the thickness uniformty was

found to be 20kel@ctivedy etched by a mixBure suthstdatheydwast heatic reat ed at
1100[err] C for one hour in a hydrogen atnosphere. The surface

roughness was aladd ahd® agudoust S0% hyfdrogera gerapigde wittth stimyuigithess f or
a 50 pm square regi on as neasured by interatom c force m croscopy.

This is the saffbhenebyt the ion dmpliamtadiiarndassimatas HOTRLelkGSr .

No crystal defect was found to be introduced cadditionally into the
Si |ayer, Sand etshedkemif 2gth e singlieniasyskal SRy Hd%ai nt ai ned by
observati on of the cross section with transm ssion el ectron

m croscopy.  unetched as the §iGRSEARRYE iWHSTERY - remai ning on the

first substrate was al sQ etched selectively by a .25 1 xture of. 49%
hydr of | uoric acid and ud Fjpgle crysg] osg%r}%%roﬁg‘ed(\/#tw SEHHF ng.

:;33 ; gggﬁt rate V\w"%-lss formed fol“rllr ttq':eer Ssiu%xei%ee%itﬂn.sur'lfl'?é;etﬁ{cﬁva{é@tois% as

formed single crystal Si layer was measured at 100
10 points over the enEire layer, and the thickness
uniformity was found to be 201 nm * 6 nm.

This substrate was heat-treated at 1100°C for
one hour in a hydrogen atmosphere. The surface
roughness was about 0.2 nm in terms of average square

15 roughn;ss for a 50 pm square region as measured by
interatomic force microscopy. This is the same level
as that of the commercial Si wafer.

No crystal defect was found to be introduced
additi?nally into the Si layer, and excellent

20 crystallinity was found to be maintained by observation
of the cross section with transmission electron
microscopy.

The ion implantation layer remaining on the
first substrate was also etched selectively by a

25 mixture of 49% hydrofluoric acid and aqueous 30%
hydrogen peroxide with stirring. The substrate was

further subjected to surface treatment such as hydrogen



- 55 - anneal i ng and surface polishing. Thereby the substrate
could be reused as the first substratq_qﬁsLhe second substrate.
Exanpl e 12 5 On a single crystal Si substrate (first
substrate), single crystal Si was grown epitaxially in a thickness
of 0.30 [err]m by CVD (chem cal vapor deposition) under the growth
condi ti ons bel ow. Sour ce gas: SiHerr]dJ[err]/Herr]
10 anndasird amd ahfdbd /PR dHiTi.  Thereby the substfate
pressure: 80 Torr Tenper at ur e: 950[err] C

Gowmh rate: dbul@ ¥ Feused as the firstOsubeEtsand ame tlie tdecompi t axi a
Si layer, an 15 SiJerr] layer was forned in a thickness of 200 nm by
t her mal oxi dat isuhsthteete H err] was i npl anted t hrough the surface
Sigerr] layer at 40 keV at a dose of 5x10[err] cnierr].

Separately, and#amplst dibstrate (second substrate) was provided.
The surface of the SiJerr] Iayer of the first substrate and the
surface of5the second ©n a ’s’EHfsQr%HiﬁsW@r ShupiReterrte ol bieska treat nent,
and washed with vvat er, The both faces were brought,into

contact with e %"'E%"re AL e tﬂ%@%fb’st"f%ﬁ e%r?%f‘eeplta"la%]e%t“ﬁreat ed

at 300C for one ncr r f t he_bondi ng of the
substrates. ]ﬂbess °tea(§'ie:?é a1 iﬂy b%\ﬂ%je{f: scf'? tEP?T om t he
per phory. the aep051tl&99%égp%ﬁgt&som&£ COERPLAEY BL1G W0 sheets at
Source gas: SiH,Cl,/H,
10 Gas flow rate: 0.5/180 L/min

Gas pressure: 80 Torr
Teﬁperature: 950°C
Growth rate: 0.30 pm/min
On the surface of this epitaxial Si layer, an
15 Sio, léyer was formed in a thickness of 200 nm by
thermal oxidation. Then H' was implanted through the
surface Si0, layer at 40 keV at a dose of 5x10% cm2.
Separately, another Si substrate (secénd
substr?te) was provided. The surface of the Sio2 layer
20 of_the first substrate and the surface of the second
substrate were subjected to plasma treatment, and
washed with water. The both faces were brought into
contact with each other, and the bonded substrates were
heat-treated at 300°C for one hour to increase the
25 strength of the bonding of the substrates. By wedging
into the bonded substrates from the periphery, the

bonded substrates were separated into two sheets at



- 56 - around the projection range of the ion inplantation.

The surfaces of the separated substratesems e rough ow ng to the
porosity of the ion inplantation |ayer. The surface of the second
substrate was selectively 5 etched by a m xture of 49% hydrofluoric
acid and . aqueous 30% hydrogen peroxide with stirring. Thereby

the ion inplantation |ayer was conpletely etched off with the single
crystal Si rensroung et gregentidre range af dthestigpiplan@tian. 10
Thus, a single crystal Si layer of 0.2 pmthick was fornmed on the Si
oxide film Th&hehissiafienesfof Hie SePaIfﬁﬁﬁ?ecF‘t’?ﬁﬁT%t% V8ZE §udhhyer was
nmeasured at 100 points over the entire |ayer d the thickness
unifornity was Sdmed t the Rerasite qfmth elé"onylmplar& o ¥ rate was

heat-treated at 1100[err] C for dr phere.
The rs]ur face The & e a?ﬁﬁﬂn‘g séﬂ?ﬁ%]f?lt? e"ﬁ% aver ag%;squar e
roughness for a 5 guar e, r.eqi on_as Sjatomc force
m croscopf Tiﬁtscq'?%ﬂ% %a{?ﬁex"f‘%ﬁel Pﬁd?%%fﬁﬂ%lo ct%cel‘%:onmarm al Si

waf er . f.ouag I OffMCEL)
additional ly i _rﬁ%u%%us gb%: lilgél%% excel I ent é&%s allinity 1\’/vas
found to be maiflaing :%pf&%@éé’féd%yer was Gohpife €605 Se6@kdd e t h

transm ssi on eIe m cr oscopy he ion inplantation
l'ayer remaining, o thee single féFpdtAUNSL rPdma@tngl eetitd@dasetiest i vel y

by a
etch-stopping material.

10 Thus, a single crystal Si layer of 0.2 pm thick
was formed on the ;i oxide film. The thickness of the
formed single crystal Si layer was measured at 100
points over the entire layer, and the thickness
uniformity was found to be 201 nm * 6 nm.

15 ' This substrate was heat-treated at 1100°C for
one hour in a hydrogen atmosphere; The surface
roughness was about 0.2 nm in terms of average square
roughpess for a 50 ym square region as measﬁred by
interatomic force microscopy. This is the same level

20 as tha; of the commercial Si wafer.

No crystal defect was found to be introduced
additionally into the Si layer, and excellent
crystallinity was found to be maintained by observation
of the cross section with transmission electron

25 microscopy.

The ion implantation layer remaining on the

first substrate was also etched selectively by a



!

- 57 - m xture of 49% hydrofluoric acid and aqueous 30%

hydrogen peroxide with stirring. The supstrate was further subjected
to surface treatnment such as hydrogen anneal i ng and surface

pol i shing. Thereby the substrate 5 could be reused as the first
substrate or the second substrate. Exanpl e 13

On a single crystal Si substrate (first substrate), single crysta

Si was grown epikayial br 4bs h@drofaubliiekaedd ahddadfeoms 3%y CVD
(chem cal vapor deposition) under the growth conditions bel ow.

Sour ce gas: nhyabbgen] pelrekileHwarth] stirring. The subst@adef Wa® rate:
0.5/180 L/mn Gas pressure: 80 Torr 15

Tenperature: fQx@herr kGbjected to surface t@egimentgrach a8 IYITQIF™H i n

On the surface of this epitaxial Si layer, an Sigerr] layer was
formed in a thiankeeddngf apdo swnfege polishime:- rraITh@Hel?é‘tl SHP—:%%

was i nplanted through the 20 SiJerr] surface |aye 40 keV t a dose
of 5X10[ebr] ceiowdd] be reused as the $dxgtyyhp rgﬁ% Cg

(second substrate) was provided. The surface of the Si Qerr] Iayer
of the first sswbstavdeand the surface of the second Substrate were
subjected to plasma_treatnent, and 25 washed with water. The both
faces were bro@&ﬁ@ﬂ%ﬁ 3 contact with each other, and the bonded

fﬁgstrat es were heat Stlrnegted :%}st%qp[ﬂ rg&ggaégle(mgtto i ncrease

substrate), single crystal Si was grown epitaxially in
10 a thickness of 0.39 pm by CVD (chemical vapor
deposition) under the growth conditions below.
Source gas: SiH,Cl1,/H,
Gas flow rate: 0.5/180 L/min
Gas pressure: 80 Torr
15 Temperature: 950°C
Growth rate: 0.30 pp/min
On the surface of this epitaxial Si layer, an
Si0, layer was formed in a thickness of 200 nm by
thermal oxidation. Then H**was.implanted through the
20 Si0, surface layer at 40 keV at a dose of 5x10%° cm™.
Separately, another Si substrate (second
substrate) was provided. The surface of the Si0, layer
of the first substrate and the surface of the second
substrate were subjected to plasma treatment, and
25 washed with water. The both faces were brought into

contact with each other, and the bonded substrates were

heat-treated at 300°C for one hour to increase the



- 58 - strength of the bonding of the substrates. On

application of shear force to the bondedggubstrates, t he bonded
substrates were separated into two sheets at around the projection
range of the ion inplantation. 5 The surface of the second substrate
was sel ectively etched by a m xture of 49% hydrofluoric acid and
aqueous 30% hydrogen peroxide with stirring. Thereby the ion

i mpl ant ati on | ayeremnvgish cofrptist dbondindienlf ofie substmatdés{ heOsi ngl e crystal
Si remaining unetched as the 10 etch-stopping material.

Thus, a singl e appkicatiBin | ef eshedr (f@rgan tdi the bondedpsubbstratesn the Si
oxide film The thickness of the formed single crystal Si |ayer was
measured at 100the bondgrfd rsubsteatescvere i separgted HmeEC tHeot pheqhesat 15
uniformty was found_to be 201 nm 6 nm . ., This substrate was
heat-treat ed at2nawsl ¢fhg PFejection rapge Rfirthe iomHrRtRAtAtHRpher e.
The surface roughness_was about %ﬁ% nmin terns of_ avera square

roughness Jor a'®d HF rf r ERE oFeen Rt v39 sel??\?’eY%f%m c force
vt er PV Tefonda 'Ry & ERLEE 98 4Ot AR OB G A B ced

waf er .

ddi ti [ 1 i nt 1 d | t . \ 1 L0
e nal 1 | kLA Sl Agsc ol SSEBLLER o qurPLUELS R yes
transm ssion el el rof, imp1aft&EP56PYver was completelyEtéRda! gPEantation

| ayer remaining on the
with the single crystal Si remaining unetched as the

10 etch-stopping material.

Thus, a single crystal Si layer of 0.2 pm thick
was formed on the Si oxide film. The thickness of the
formed single crystal Si layer was measured at 100
points over the entire layer, and the thickness

15 uniforhity was found to be 201 nm * 6 nm.

This substrate was heat—t;eated at 1100°C for
one hour in a hydrogen atmosphere. The surface
roughness was ébout 0.2 nm in terms of average square
roughn?ss for a 50 pm square region as measured by

20 interatomic force microscopy. This is the same level
as that of the commercial Si wafer.

No crystal defect was found to be introduced
additionally into the Si layer, and excellent
crystallinity was found to be maintained by observation

25 of the cross section with transmission electron

microscopy.

The ion implantation layer remaining on the



T

- 59 - first substrate was al so etched selectively by a

m xture of 49% hydrofluoric acid and agwgous 30% hydr ogen peroxi de

With stirring. The substrate was further subjected to surface

treatment such as hydrogen 5 anneal i ng and surface polishing. Thereby

t he substrate could be reused as the first substrate or the second

substrate. For reuse as the first substrate, the decrease

of the wafer t Kigisnesubsaratiepplacnalised ebched tsediedtivedy by @&er growt h.

Thus the substrate was nade reusabl e sem permanently. In the second

or later use, mHeture of d%i% dwidzofilaparia ladthand jagueaus 30% pm  but

corresponds to thickness decrease, and the ion i.nmpl antation |layer is

fornmed insi de hydregermapesoxife withgghirring. 7TheFjkstrpte was

Onto a main face of a single crystal Si substrate (first substrate),
d s dwdregen on

Herr] was i rrplfaiﬁ‘tté’@ratsumw to Suréetacff cﬁfs?éa%‘fe'gs(fdfcé} g _
LI citness Sof 0 AIBeS1ing’ agi SRERSY Sk TLHE ap R RRoR | 150 U URARTCS he
%lr ﬂ\[MePr] d [err]%%g[qg h%n%e%esle%mas the firs%assu?ﬁ%l\ﬁ‘fségttge::c%%/sﬁ%%orﬁ mn 25
g?imfﬂefoé?: %; ‘T%%#f?ih Tenper at ur e: 950[err]C
For reuse as the first substrate, the decrease
of the wafer thickness was supplemented by epitaxial
10 layer growth. Thus the substrate was made reusable
semipermanently. In the second or later use, the
epitaxial layer thickness is not 0.30 pm, but
corresponds to thickness decrease, and the ion
implantation layer is formed inside the epitaxial
15 layer.'
Example 14 ‘
Onto a main féce of a single crystal Si
substrate (first substrate), H' was implanted at 10 keV
at a dose of 5x10% cmé. On the same face, single
20 crystal Si was grown épitaxially in a thickness of 0.30
pm by CVD (chemical vapor deposition) under the growth
conditions below.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 L/min
25 Gas pressure: 80 Torr

"Temperature: 950°C

Growth rate: 0.30 pym/min



- 60 - On the surface of this epitaxial Si |ayer, an
StJerr] layer was formed in a thickness 6” 200 nm The face
of the Sierr] layer of the first ' substrate was brought into
contact with the face of 5 anot her Si substrate (second substrate), and
t he bonded substrates were anneal ed at 600[err]C. By the annealing,
the bonded substrates came to be separated into two sheets at around

the projection range ofod hghd Murface of "PASS &S €axiallsi 1dpher sughaces of
the separated substrates were rough owng to the porosity of the ion

i mpl antation | ayfd, layer wab@otweldaas @f thiekereeNd s od mdf.e was
sel ectively etched by a m xture of 49% hydrofluoric acid and

aqueous 30% hydr ogen perixi figcavid e rsicg.lapear @fy thkb firdde ion

i npl antation | ayer was conpletely etched off with the single crystal
Si remai ni ng uneilkbderhies wie brought elrcto stoppacy witkertie . faoetdfr, the
remai ni ng first substrate corresponding to the ion inplantation
dept h 5 | cambthess Sknewbsithytet deeend swbstrate), andhtike bomrdedl e
crystal Si layer of 0.2 [err]mthick was formed on the Si oxide
film The thickeubstiatescvere anneated @t 6P eCcr yBY aFhaj anpgatings
nmeasured at 100 points over the entire |layer, and_the thickness
uniformity was FQ&NRP@QPQKﬁQ&EF?ﬁNeS gafle o be SeparateqT&%t%UB§?rate was

heat -treat ed at 1100 err]C for hour in en at nosphere.
The surface @Fn%%%u%st%&ﬁqf‘?tmlﬁa’?%‘?n% %v?a‘?’ége squar e

implantation.

10 The surfaces of thg separated substrates were rough
owing to the porosity of the ion implantation layer.
The surface of the second substrate was selectively
etched by a mixture of 49% hydrofluoric acid and
aqueous 30% hydrogen peroxide ﬁith stirring. Thereby

15 the io; implantation layer was completely etched off
with the singlé crystal Si remaining unetched as the
etch-~stopping material. Further, the remaining first
substrate corresponding to the ion implantation depth
level was removed by etching.

20 Thus, a single crystal Si layer of 0.2 um thick
was formed on the Si oxide film. The thickness of the
formed single crystal Si layer was measured at 100
points over the entire layer, and the thickness
uniformity was found to be 201 nm * 7 nm.

25 This substrate was heat-treated at 1100°C for
one hour in a hydrogen atmosphere. The surface

roughness was about 0.2 nm in terms of average square



1

61 - roughness for a 50 pm square region as neasured by
i‘'nteratom c force mcroscopy. This is thg;sane |evel as that of the
comercial Si wafer. No crystal defect was found to be

i ntroduced 5 additionally into the Si |ayer, and excellent
crystallinity was found to be nmaintained by observation of the cross
section with transm ssion el ectron m cr oscopy. The

i on inpl ant at i aowglysss efed na NHO ofimt Sguad@ regionshssmbasused b&s al so
etched selectively by a m xture of 49% hydrofl uoric acid and aqueous
30% hy dr iyeer geonke dforce mitcroscogy - Th®higbisr the sase level
further subjected to surface treatnent such as hydrogen anneal i ng
and surface polashthgt gheregycompesabalrliewafer. could be reused as the
first substrate or the second substrate. le 15

On a nain face of a S|h@@ec€Y§§@hld%ﬁegﬁb§@$af@und to b?f%g§¥0§B§§ﬂrate)
single crystal Si_was epitaxially in_a thickness of 0.50 pm by
CVD (chemzal addltl%%%%}ydéﬁﬁglF?%n§lu%ﬂ¥?rth@nﬂrﬁﬂfﬁlééﬂﬁlt|ons bel ow.

: fl
o 8 a0 i 0 SvbEallini & a [Egglﬁrsgsla?emalgsaw bzsébse%“r“a%%ﬁ

Tenper at ur e: 0] rate: 30 [err]mmn
During t he groﬁ?ﬁ é éd%pl g tlon Wh%%dt ans i s1og electro

microscopy.
The ion implantation layer remaining on the
10 first substrate was also etched selectively by a
mixture of 49% hydrofluoric acid and aqueous 30%
hydrogen peroxide with stirring. The substrate was
further subjected to surface treatment such as hydrogen
annealing and surface polishing. Thereby the substrate
15 could Be reused as the first substrate or the second
substrate.
Example 15
On a main face of a single crystal Si substrate
(first substrate), siﬁgle crystal Si was grown
20 epitaxially in a thickness of 0.50 ym by CVD (chemical
vapor deposition) under the growth conditions below.
Source gas: SiH,Cl1,/H,
Gas flow rate: 0.5/180 L/min
Gas pressure: 80 Torr
25 Temperature: 950°C
Growth rate: 0.30 ym/min

During the growth, a doping gas was added to obtain a



- 62 - substrate structure of n[err]Si/n[err]Si/Si

Cn the surface of this epitaxial Si |aygp, .an SiJerr] layer was
formed in a thickness of 200 nm by t hermal oxidation. The Herr] was
i npl anted through the 5 Sigerr] surface |layer at 40 keV at a dose of
5X10[err] cnferr]. The face of the SiJerr] layer of the
first substrate was brought into contact with the face of

anot her Si subgiibateatecsendctubet bat A)Si AmSil/sd . substrates were
anneal ed at 600[err]C. By the annealing, 10 t he bonded substrates cane
to be separated into ton the surfheet sfathdsoepd takdadr Siedayes,r amge of
the ion I npl ant ati on. The surface of the second substrate was
selectively 8i0, haypéedvéy formed uir afthbDokngss off udPP cnmch¥ and 15
aqueous 30% hydrogen peroxide with stirring. Thereby the ion

i npl ant ati on | &hermads oxddpitévnl.y ShehHd was implantdg: phreughi RRee crystal
Si renai ning unetched as the etch-sto pin& material . ..

Thus, a sBngl eSdPyssurfare| kgwer at 040 ke¥ 3t thfeRe 26 °*1Q@onf®ining a
buried n[err] layer was forned on the Si, oxjde film The thickness
of the formed single chp& fecg of the SPQ?eiaﬁﬁg RAEathfet 5Pt 100 points

over the entire | ayer, and.the thi ckness .uni.f.ormt s fqund to be
201 nm 6 su atg;was brought 3pto ?l%’gztarcéct & J'v1\:/§1‘s r{%“ée?e/ltf)-la\;%re eélt%gd at

L1000er 111" anpnes. 315 LB A (HAUGR BA.© ki f e
substrates were annealed at 600°C. By the annealing,
10 the bonded substraEes came to be separated into two
sheets at around the projection range of the ion
implantation.
The surface of the second substraté was selectively
etched by a mixture of 49% hydrofluoric acid and
15 aqueou; 30% hydrogen peroxide with stirring. Thereby
the ion implantation layer was cowpletely etched off
with the single crystal Si remaining unetched as the
etch-stopping material.
. Thus, a single crystal Si layer of 0.2 pm thick
20 containing a buried n' layer was formed on the Si oxide
film. The thickness of the formed single crystal Si
layer was measured at 100 points over the entire layer,
and the thickness uniformity was found to be 201 nm + 6
nm.
25 This substrate was heat-treated at 1100°C for

one hour in a hydrogen atmosphere. The surface

roughness was about 0.2 nm in terms of average square



T

- 63 - roughness for a 50 pm square regi on as neasured by

i'nteratom c force mcroscopy. This is_tgg sane |evel

as that of the

comercial Si wafer. No crystal defect was found to be
i ntroduced 5 additionally into the Si |ayer, and excellent

crystallinity was found to be nmaintained by observation
section with transm ssion el ectron m cr oscopy.

of the cross
The ion

i npl ant ati on | a¥aghheERi FoRJaOBOt R sglare fegdions alss measereds byl so et ched
selectively by a m xture of 49% hydrofluoric acid and aqueous 30%
hydr ogen peroxifdeewatbmiti £oireg. mIbroscbpyr.at Fhigs is the sfmet Aevedubj ect ed
to surface treatnent such as hydrogen anneal i ng and surface
pol i shi ng. Theasbghalteofultber sommersial Sdum@feE-reused as the first

substrate or the second substrate.

Exampl e 16
On a main face of a si Ngl erysfeladesecupasy found to be dntxoduaes rat e)
single crystal Si was grown 20 egitaxially in a thi.ckness of 0.30 pm by

CVD (chenPcal additiopaddy d&Fesithbeo

Sour ce gas: Si H er

i JRyer -t REYy

itions bel ow.
fl ow.r.ate:

0.5/180 L/ nin CrYys alr].]:i.(rili[lzgrr ua/sH[f%&% Qs B8 gxalé)dzall&,eld bgg%%servation
T t : 5 C . . t§: 30 m m
Durng the. gr ofiEn P8 BERFfg SGEE R Vi S R B R g sLectztn’) [ETTIMTITT

microscopy.

The ion implantation layer remaining on the

10 first substrate was also etched selectively by a

mixture of 49% hydrofluoric acid and aqueous 30%

hydrogen peroxide with stirring. The substrate was

further subjected to surface treatment such as hydrogen

annealing and surface polishing. Thereby the substrate

15 could be reused as the first substrate or the second

substrate.

Example 16

On a main face of a single crystal Si substrate

(first substrate), single crystal Si was grown

20 epitaxially in a thickness of 0.30 pym by CVD (chemical

vapor deposition) under the growth conditions below.

Source gas: SiH,Cl1,/H,
Gas flow rate: 0.5/180 L/min
Gas pressure: 80 Torr

25 Temperature: 950°C

Growth rate: 0.30 pm/min

During the growth, a doping gas was added to obtain a



- 64 - substrate structure of nferr]Si/n[err]Si/Si.

On the surface of this epitaxial Si |aygy -an SiJerr] layer was
formed in a thickness of 50 nm by thernal oxi dation. The Herr] was
i npl anted through the SiJerr] at 40 5 keV at a dose of 5x10[err]
cnerr]. The face of the SiJerr] layer of the first
substrate was brought into contact with the face of anot her Si
substrate (secenthstviates atudAien@am SifR si/si. |ayer of 500 nmthick on
the face, and the substrates 10 were anneal ed at 600C. By the

anneal i ng, the bonded On the murfiace ef mies tepidmsisgdarsidt echyent,0 dmo
sheet s at around the projection range of the ion inplantation.

The surface of Sildg 3egendwssbsormed wmsasthiackneseyof 50 nmebyhdébeppad

m xture of 49% hydrofluoric acid and 15 aqueous 30@6hydrqgen er oxi de
with stirring. oxtidatdion. The Hhwagohmpipnisdathspuoly &hengd eo%%l%@ely

et ched of f with the single cgystqk Si remai ni ng unetched as the

et ch- st op® ng MeVedtyia dose of 5x10™ cmMfiys a single crystal Si |ayer of

0.29 [err]m 20 thick containing.a buried n[err] |l ayer was fornmed on the

Si oxide film ﬂ’f@tﬁﬂ%r?efsgh@f St E'&Y%Edoki rGPe L&FPE: al Si

| ayer was neasured _.at 100 points over, the entir . | ayer, and the

t hi ckness uni f ﬁﬁfﬁﬁﬁ; rﬁf?ﬂéﬁﬁa%ﬂi? contaé%”wlgprﬁge éﬁ?e OP

This substrate -t reat radd a
$ER s e W dnldirate) halify 9 S10 % o

hydr ogen atnnsﬁhere. he sur roughness was’ a
of average SAU3lyer of 500 nm thick on the face, and the substrates

10 were annealed at 690‘0. By the annealing, the bonded
substrates came to be separated into two sheets at
around the projection range of the ion implantation.
The surface of the second substrate was selectively
etched by a mixture of 49% hydrofluoric'acid and

15 aqueou; 30% hydrogen peroxide with stirring. Thereby
the ion implantation layer was coppletely etched off
with the single crystal Si remaining unetched as the
etch-stopping material.

. Thus, a single crystal Si layer of 0.29 um

20 thick containing a buried n' layer was formed on the Si
oxide film. The thickness of the formed single crystal
Si layer was measured at 100 points over the entire
layer, and the thickness uniformity was found to be 291
nm * 9 nm.

25 This substrate was heat-treated at 1100°C for

one hour in a hydrogen atmosphere. The surface

roughness was about 0.2 nm in terms of average square



!

- 65 - roughness for a 50 pm square regi on as neasured by
i‘'nteratom c force mcroscopy. This is_tlgg sanme |evel as that of the
comercial Si wafer. No crystal defect was found to be

i ntroduced 5 additionally into the Si |ayer, and excellent
crystallinity was found to be nmaintained by observation of the cross
section with transm ssion el ectron m cr oscopy. The ion
i mpl antation | apaghhesei Foig s050t p sifiare friegsions wss memsainess at so et ched
selectively by a m xture of 49% hydrofluoric acid and aqueous 30%
hydr ogen per oxiidieewattomic foreg nilorosdopyr.at §hiss is the fsamehdievdbj ect ed
to surface treatnent such as hydrogen anneal i ng and surface

pol i shing. Therebyhifte ofulihier stosmergialc Gl d\fatf@rr-eused as the first
substrate or the second substrate. mple 17

Seni conductor articles N@elcgyiﬂ’t@éald@(felw: was fOUtI’tdeath rﬁ? twqﬂﬁwqdaces of
the first substrate in the sane nmanner as les 1 to 16.
- 66 - 5 dﬂHEF°P9L§¥NHﬂ99I@§e Si layer, and :Fxc ftess for

roduci ng a sem cond
P g crystéi

1n1ty was found to be maintained by observation
of the cross section with transmission electron
microscopy.

The ion implantation layer remaining on the

10 first substrate was also etched selectively by a

| mixture of 49% hydrofluoric acid and aqueous 30%
hydrogen peroxide with stirring. The substrate was
further subjected to surface treatment such as hydrogen
annealing and surface polishing. Thereby the substrate

15 could Be reused as the first substrate or the second
substrate.
Example 17

Semiconductor articles were prepared by

treating the both faces of the first substrate in the

20 same manner as in Examples 1 to 16.



!

article conprising steps of preparing a first substrate conprised of
a silicon substrate, a nonporous 5 _sggiconductor layer formed on the
silicon substrate, and an ion inplantation layer formed in at | east
one of the silicon substrate and the nonporous sem conduct or

| ayer; bonding the first substrate to a second substrate to obtain a
multiple |ayer structure with the 10 nonpor ous semnm conduct or | ayer

pl aced i nsi de; ygaParst cnatMep Isthe multiple layer structure at the ion

I mpl ant ati on | ayer; and renoving the ion inplantation |ayer
remai ni ng on the separated aepgbdesgbgbrapeoducihly a semicondpctorA process
for producing a sem conduct or article conprising steps of preparing
a first substratreicle compoipingedtebsaosi prepardngser fiasta BHEs

sem conductor |ayer fornmed on the silicon substrate, and an ion

i npl ant ati on | epmprisededfi o silicont sybkstsprte202 NERPOIOMScon substrate
and t he nonporous sem conduct or | ayer; bonding the first substrate

to a secohd _Semic@ﬂégpﬁéFe1?Ue6b€9FHe§_RHIFP&I§19_ @& with the
ayer Struct r 8ndk SPhaoRoR MPIBRIALACPoA BYSFs FOTER A Yo RSy i A%n
Lt on | B TR BaRlrese anel SRR BRI ¢
;m? Z:r _— 1y TR apt at on L Avet; LAY Sl ePratd &d ld Hectiiibtrate
substrate to obtain a multiple layer structure with the

10 nonporous semicondgctor layer placed inside; separating
the multiple layer structure at the ion implantation
layer; and removing the ion implantation layer
remaining on the separated second substrate.

15 ‘ 2. A process for producing a semiconductor
article comprising steps of prepaging a first substrate
comprised of a silicon substrate, a nonporous
semiconductqr layer formed on the silicon substrate,
and an_ion implantation 1ayér formed in at least one df

20 thé silicon substrate and the nonporous semiconductor
layer; bonding the first substrate to a second
substrate to obtain a multiple layer structure with the
nonporous semiconductor layer placed inside; separating
the multiple layer structure at the ion implantation

25 layer; removing the ion implantation layer remaining on

the separated second substrate; and reusing the first

substrate, after removal of the remaining ion

A O AR




f

3. A process for producing a sem conductor 5 article conprising steps
of preparing a first substrate copprised of a silicon substrate, a
nonpor ous sem conductor |ayer fornmed on the silicon substrate,

and an ion inplantation layer formed in at |east one of the silicon
substrate and t he nonporous sem conductor 10 | ayer; bonding the first
substrate to a second substrate to obtain a nultiple |ayer structure
with the 1nBIARYEAUIBS Qaleen tNele ol Cad I d S substrarear ati ng
the nultiple layer structure at the ion inplantation | ayer; renoving
the ion inplantalideeidiayer renmaining on 15 t he separated second
substrate; and reusing the first substrate, after renoval of the
remai ni ng ion i npl antation | ayer therefrom as a second substrate
mat eri al . 20 4, The process for producing a senm conductor
article according to amy. of Aclpaioresk tfor3 pruduading teheemicondyahipr

I npl antation layer is fornmed after formation of the nonpor ous

sem condut or  leayEiclen admprdising stepss ofatereparizg a first subgtratge
process for producing a sem conductor article according to any of

claims 1 to 3, commauiised igf a siligosh SURHTHERER. ¢h NBRITYE formed after
formation of the

., 08 -
nonporous seni ceMRAUGtRRlayen fomead @h i FHHEn SUbSTEaEs.or nat i on

of an insulation filmon the _nonpor.ous .
and an ion implantation layer formed in at least one of

the silicon substrate and the nonporous semiconductor
10 layer; bonding theﬁfirst substrate to a second
substrate to obtain a multiple layer structure with the
nonporous semiconductor layer placed inside; separating
the multiple layer structure at the ion implantation
layer; removing the ion implantation layer remaining on
15 the se;arated second substrate; and reusing the first
substrate, after removal of the remaining ion

implantation layer therefrom, as a second substrate

material.

20 4. The process for producing a semiconductor
article according to any of claims 1 to 3, wherein the
ion implantation layer is formed after formation of the

nonporous semiconductor layer on the silicon substrate.

25 5. The process for producing a semiconductor
article according to any of claims 1 to 3, wherein the

ion implantation layer is formed after formation of the

e
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sem conductor | ayer. 5 6. The process for producing a

sem conduct or article according_tggany of clains 1 to 3, wherein the
ion inplantation layer is formed with ions of elenents sel ected from
the group of rare gas el enments, hydrogen, and nitrogen. 10

7. The process for producing a sem conduct or article according to
claim6, wherein the inplantation dose of the ions is controlled to
be in the rangﬁoﬁ?@ﬂbus semidBhauctorolagber oh/ thesiliconssubstrate

8. The process for producing a sem conductor article according to
any of cl ai ns an80f3rmabsoni oft Aa insulatibinciides opf thiee nopporepisant at i on
| ayer is controlled to be not larger than 500 A. 20

9. The procesemficongnotiori hgyerseni conduct or article according to
claim8, wherein the thickness of the ion inplantation | ayer is
controlled to be not | arger than 200 A. 25 10. The

rocess for producing a sem conduct or articgle accordi ng to any of
Elains 1 Po 2, mhere?n5the The process for produaing a semlc&aggptory

mliple | ayer stiuciure Lo 3epa! S, L PRI wo o, PHhiEh e 10

ion implantation layer is formed with ions of elements
selected from the group of rare gas elements, hydrogen,
and nitrogen.

10 .

7. The process for producing a semiconductor
article according to claim 6, wherein the implantation
dose of the ions ié controlled to be in the range from
10'® to 10'7/cm?.

15 ’

8. The process for prodycing a semiconductor
article according to any of claims 1 toj3, wherein the
thickness of the ion implantation layer is controlled
to be qot larger than 500 A.

20

9. The process for producing a semiconductor
article according to claim 8, wherein the thickness of
the ion implantatipn layer is controlled to be not
larger than 200 A,

25

10. The process for producing a semiconductor

article according to any of claims 1 to 3, wherein the

AR




11. The process for producing a sem conductor 5 article according to

cl aim 10, wherein the external forgege is applied by pressing in a

di rection perpendi cular to the substrate face, by pulling apart

in a direction perpendicular to the substrate face, or by appl yi ng
shear force. 10 12. The process for producing a

sem conduct or article according to any of clains 1 to 3, wherein the
nultiple |ayer nﬁilrﬁi?l@ a dyfers ettt i Hasdprrdte iy applyingmpl ant ation
| ayer at the edge of the nultiple layer 15 structure and subsequently
oxi di zi ng the hatdathal forcmilsi ridfeesion implantation lay&r.The process for
produci ng a sem conduct or article according to any of clains 1 to 3,
wherein the 20 mul tiple |ayer structure is separated by heating the
mul tiple | ayer structure. 14. The process for producing a
seni conduct or arkd c| &he @patesd FOX IRFGAUSLNGHE WM IRAUGEPF e of
25 the nultiple |ayer structure is heated, , 15.. The
process f&r pr(ﬁﬁRJiQi'ga AaorHNd kq slaim 10, wherein the external .

70 - article according to claim 13, wherein a portion of the
nul tiple | ayer IRGGR A7 eaggl)rfégt%_pressz.ng in a direction

perpendicular to the substrate face, by pulling apart
in a direction perpendicular to the substrate face, or
by applying shear force.
10 .
12. The process for producing a semiconductor
article according to any of claims 1 to 3, wherein the
multiple layer structure is separated by baring the ion
implantation layer at the edge of the multiple layer

15 structure and subsequently oxidizing the bonded

substrates.

13. The process for producing a semiconductor
article according to any of claims 1 to 3, wherein the
20 multiple layer structure is separated by heating the

multiple layer structure.
14. The process for producing a semiconductor
article according to claim 13, wherein the entire of

25 the multiple layer structure is heated.

15. The process for producing a semiconductor

_
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16. The process for producing a sem conductor 5 article according to
claim 15, wherein the heating is g@prcted by laser irradiation.

17. The process for produci ng a sem conductor article according to
claim 16, wherein the laser is 10 car bon di oxi de | aser. .
18. The process for producing a sem conductor article according to
claim 15, wherein the heating is conducted by applying electric

current. 15 . j ticle accofrd]j]%g TRE AR [ hd¥OiHE bt ednghust or
article according to any of clains 1 to 3, wherein the nonpor ous

sem conduct or W%rigil% ARy st Rfr@esiinglbated. crystal silicon layer.
20 20. The process for producing a sem conduct or

article according to claim 19, wherein the single crystal silicon
| ayer is fornmed by epitaxial growh. 25 21. The process for
produci ng a seni conducti®. The priddsd efar qurafiuging alsemiddudieo®rin t he
first substrate is constructed by formng a silicon oxide
- 71 - 5 artdydle arddming fax el in Hb sivhgrein yehe heatingnis
| ayer.

4 conducted by laser irradiation.

17. The process for producing a semiconductor
article according to claim 16, wherein the laser is

10 carbon dioxide laser.

18. The process for producing a semiconductor
article according to claim 15, wherein the heating is
conducted by applying electric current.

15 ‘

19. The process for prodpcing a semiconductor
article according to any of claims 1 to 3, wherein the
nonporous semiconductor layer is comprised of a single
crysta} silicon layer. |

20
20. -The process for producing a semiconductor

article according to claim 19, wherein the single

crystal silicon layer is formed by epitaxial growth.

25 21. The process for producing a semiconductor
article according to claim 19, wherein the first

substrate is constructed by forming a silicon oxide

(T




22. The process for producing a sem conductor 5 article according to
claim 21, wherein the silicon oxi g9 l.ayer is fornmed by thernal

oxi dat i on. 23. The process for produci ng a sem conduct or
article according to any of clains 1 to 3, wherein the 10 nonpor ous

sem conductor |ayer is conprised of a conpound sem conductor | ayer.
24. The process for producing a sem conduct or article according to
cl ai m 23, wher qiaydrhorr AR WUk fakie ofs diec aithgiteorcnystalsisigliean yst al .

25. The process for produci ng a sem conduct or ~article according to
any of clains layex3, wherein the second substrate conprises a
single crystal silicon 20 substrate. 26. The process
for producing a sem conduct or article according to any of clains 1
to 3, wherein the second substrate is a single crystal silicon substrate
25  having an oxide fi3%n f Stheeduaeassorfor producing a semicondyEtqy ocess
for produci ng a sem conduct or - 72 -

article adordiarFicdeaameearding ko £iadm 2hmathgrpihethe siliconong

substrate is a light-transn ssjve suhstrate. . .
oxf%e layer is forme&J vy thermal oxidation.

23. The process for producing a semiconductor
article according to any of claims 1 to 3, wherein the
10  nonporous semiconductor layer is comprised of a

compound semiconductor layer.

24. The process for producing a semiconductor
article according to claim 23, wherein the compound

15 semiconductor is a single crystal.
1 ]
25. The process for producing a semiconductor
article according to any of claims 1 to 3, wherein the
second.substrate comprises a single crystal silicon

20 substrate.

26. The process for producing a semiconductor
article according to any of claims 1 to 3, wherein the
second substrate is a single crystal silicon substrate

25 having an oxide film formed thereon.

27. The process for producing a semiconductor

AR R
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28. The process for produci ng a sem conduct or 5 article according to
claim 27, wherein the |light- trangpi ssive substrate is a gl ass
substrate. 29. The process for produci ng a sem conduct or
article according to any of clains 1 to 3, wherein the 10 step of
bondi ng the substrates is conducted by bringing the first substrate
and the second substrate into close contact with each other.

30. The processaftbiche cdoconding stai anyndoftolaihd 1 tar 8| cwhesefnrdhag to
any of clainms 1 to 3, wherein the step of bonding the substrates is
conduct ed by aneeleond substoaténys dylpghtstngnsoisbyveeanbsteateent .

31. The process for producing a sem conductor 20 article according to
any of clains 1 to 3, wherein the ion inplantation |ayer is renoved
by pol i shing. 32. The process for producing a

seni conductor ar£8cl eTHR CRFeregS t ORNHTBRUELRYNE $embCONduAERPEi n t he
25 lon Lnplantajion |ayer s renoved, by_et 33.

. chi ng. . .
The process for2BroTitRi AGCIrILRg cbATta bR 27 whedein the light-
- 73 - rticle accordi to claim32. wherejn the etching is
conducted with é%éﬁ% 1eorYe %5?%?rate £ "2 "g188 5 b erate!
29. The process for producing a semiconductor
article according to any of claims 1 to 3, wherein the
10 step of bonding the substrates is conducted by bringing

the first substrate and the second substrate into close

contact with each other.

30. The process for producing a semiconductor
15 article according to any of claims 1 to 3, wherein the
step of bonding the substrates is, conducted by anocde

bonding, by pressing, or by heat treatment.
|

31l. The process for producing a semiconductor

20 article according to any of claims 1 to 3, wherein the

ion implantation layer is removed by polishing.
32. The process for producing a semiconductor
. article according to any of claims 1 to 3, wherein the

25 ion implantation layer is removed by etching.

33. The process for producing a semiconductor

e
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- 34. A sem conductor article, produced by the 5 met hod set forth in
clains 1 to 33. 73

article according to claim 32, wherein the etching is

conducted with hydrofluoric acid.

34. A semiconductor article, produced by the

5 method set forth in claims 1 to 33.

T



