(6) The thickness can be reduced Mﬁ'@”ﬁ SPBEEN fully depl et e?gggédgé >
effect transistor. Tgq ac s many}advant ages of the.ﬁ WWRe,
met'hods for - form.ng SO structures. ha resehrched 5 for decades.

* '‘One of such known nethods is SOS (sili cgn _ on sapphi [ \_'M]ig;%b Si is
het eroepi taxially forned by CvD (chém’ cal vapor degg?i)tl?grr{) 3

singl e crystal sapphire substrate. This techni que has been sudcessful

as the maturest SO technique, but its applications are 10 limted by a

- large anmount of crystal Mdefiept sSNJUsSPPARATES FOR sSRPSRATYRgENt of |attices

“in the interface between an Si | ayer and a sapphire substrate, by the

. mxture of al um num fCOMRASETE MBEMBERe USUNT RXUED nt p~t he Si | ayer,
and in particular, by the high costs of the substrate and the stil
~insufficient the enlargement of area of t he device. Mirre recently,

-an attenpt has been nade to | ement an SO structure wthout the
‘sapphire BACKGRYNR t @F ﬁﬁﬁslﬁﬁﬁ Ncan be roughly classified into

the foll ow ng two_ nethods 20 1. After the surface of an Si
single ctystajield of E%SW‘éﬁ‘ét’r%“om di zed, a window is rrade in the

yoxi di zed mto e f of the surface of th
‘substrate, and th| h Darte sf’ %é{horée% FLe %I‘f%v?af“Ethog ar?‘ﬁ)rl zont al

epitaxial gro) ga]@gt&g%@nsgﬁaéa%g 2 oSS Ay s Gt e O 1]

ayer posSi The

Si single Crx&&ﬁﬁefHPséﬁéig $8mYS6018StSP substrate and its

production method.

10 Related Backgréund Art
.\.

i

The formation of a single crystal Si semiconductor
-E layer on an insuiéting surface of a substrate is widely
; known as a semiconauctor on insulator (SOI) technigque,
and many efforts havé been made to research this
15 technique because devices produced using the SOI
technique have many adventages that cannot be achieved
: by bulk Si substrates useq to fabricate normal Si
‘ integrated circuits.
The use of the SO0I technique provides the
20 following advantages:
(1) The dielectric separatiqn can be easily made
to attain high integration.
(2) Radiation resistance is é%cellent.

(3) The stray capacity is reduced to attain high

L oapetara

25 speed.

(4) The well formation process can 'be omitted.
(5) Latch-up can be prevented. A

This Sheet Has Been Re|i

. T




- 3- active layer and SiQ2 is formed under this layer (this

met'hod does not require an Si layer to be deposited). Known
nmeans for realizing the above nmethod 1 i nclude a nmethod for allow ng
the direct horizontal 5 epitaxial growh of single crystal layer S

usi ng CVD, a nmet hod of depositing anorphous Si and allowing its

hori zontal epitaxial growh in a solid phase by thermal treatnent, a
met hod of irradiating an anorphous or pol ycrystal Si layer with
conver gi ng ener gy( §¢athe Stlickdfss caf Bt esbi@bed’ tbAsLbvDEANE, and
allowi ng a single crystal layer to growon SiJerr] by neans of

mel ting fullgcagplatédzaiédd, effdct tPahOUsBbrUSi ng a bar-1ike

heater to scan a nolten area in such a way that the scanning trace
appears |like a bafid ézbheveaetbhengangbadvanteggstaf| thatdenice, Al t hough

t hese net hods have both advant ages and di sadvant ages, they stil

have many methog@sobpengorningr 88T oftrueturesnbave| bgeni rgsearched
productivity, unifornity, and quality and none of them _have been put
to industri afPy peateeeal 9@@.oﬁoﬁucéoknowaxaﬁﬁh@¢8th% D heihbaoRequires

sacrifici al oxidization to provide flat films, The solid_phase
gr owt h nethoﬁ?p?BQPHéEebobP EF}gPagFih?t??t?ﬁgeBé§ﬂ¥lallY f%ﬁﬂ%ﬁlbﬁnthod
ceanni ng. - anGVBokEPETLrL ' S8k FrRostieBierti noerobeaNEY SRR f oousi no.
Among them g pons LNERQRE,HEL U1 pf; LeeLURhRLLLZALL OBalR! 09d-bSsFRY Ur est
and has been uEEB 5 pro%uce relaﬁlvely-¥argé-sca%e

as the maturest SOI technique, but its applications are

10 limited by a large amount of crystal defects due to the
misalignment of lattices in the interface between an Si
layer and a sapphire substrate, by the mixture of
aluminum from the sapphire substrate into the Si layer,
and in particular, by the high costs of the substrate

15 and the still insufficient the enlargement of area of
the device. More recently, an attempt has been made to
implement an SOI structure without the sapphire
substrate. This attempt can be roughly classified into
the following two methods.

20 1. After the surface of an Si single crystal
substrate is oxidized, a window is made in the oxidized
film to expose a part of the surface of the Si
substrate, and this part is used as a seed to allow a
horizontal epitaxial growth to form an Si single

25 crystal layer on the Si0, (in this case, an Si layer is

deposited on Si0,).

2. The Si single crystal substrate is used as an



-4- integrated circuits on an experinental basis, but it

still causes a | arge anmount of crystal defects such as sub-grains to
remain in the device, thereby failing to fabricate mnor-carrier
devices and to provide 5 sufficiently excellent crystals.

The above nethod 2 that does not use the Si~ substrate as a seed for
epi taxial growth includes the foll ow ng four nethods.

(1) An oxide filmis formed on an Si single 10 crystal substrate with a

V- shaped grmgg%fgéhgg, ) SOt @R | Vi mlgR :SUK , Jhal ycryst al
Si | ayer S depoesﬁ tae%ld Os?]ﬂ%zhgtso)‘%ing@]b [ ?Arr;‘P%cI)J 3’?1% 0 1%%%38 (t% |%k as

the Si subst maigho@tbdetbRccduStdIHE S YEdydr M€9I 0 depositadly rounded by
t he V-shaped groove so as to be separated 1 dielectricly is forned on

the thick pol ycrystmdwibimeans for ayedlipimpl tisdidpode aretmed rear surface of
the Si substrate. This nmethod provides excell ent

crystal linityirdziuddien sietfisod ofor epiisdwing 410 yEiysd@lhorizontdd by a

t hi ckness of several hundred mcrons and 20 polishing the single
crystal B suEmitatia)¥ rgrovwtls ofagingle crymtdhckayer | $hvesiong \CUhe
separated Si active |ayer have problens in terns of controllability
and prodieEhed tgf depositing aggnpywDS{ Supdrationing its

| on- | npl enent e 25t _that forms an SiJerr] layer in an Si single

cryatar T SRR enbramia Tty gin @ OIS B EREI R
's the presen%xl‘é/agn?etery{,e Sat ntlgét]c?é BE :‘gzgxeaéfaii::lﬁg an amorphous or

polycrystal Si layer with converging energy beams such

10 as electron or laser beams, and allowing a single
crystal layer to grow on SiO, by means of melting
recrystallization, and a method of using a bar-like
heater to scan a molten area in such a way that the
scanning trace appears like a band (zone melting

15 recrystallization). Although these methods have both
advantages and disadvantages, they still have many
problems in terms of their controllability,
productivity, uniformity, and quality and none of them
have been put to industrially practical use. For

20 example, the CVD method requires sacrificial
oxidization to provide flat films. The solid phase
growth method provides poor crystallinity. The beam
anneal method has problems in terms of the time
required for converging-beam scanning, and control of

25 the superposition of beams, and focusing. Among them,
the zone melting recrystallization method is maturest

and has been used to produce relatively-large-scale



excell ent conpatibility with the Si process. To form an Siderr]

| ayer, however, 10[err] ions/cnierr] or nore of oxygen i ons nust be
i nplanted, resulting in the need for a | arge anount of tinme for the
i npl.ant ati on, thereby 5 | eadi ng to reduced productivity. In addition,
t he costs of wafers are high. FurtHernore, this method cause
a |l arge anount of crystal defects to remain in t he devi ce and does
not industrially provide a sufficient quality to fabricate

m nor-carri erige¥geeted ddrcuits on(Sn SxPBEDRERERT HREIENOLaR SO
structure by diel ectric separation through the oxidization of porous

Si. In this nethbl, causdktypeashe | ay6tnt Sof orfpdthi k@efects s@Bhisgiand on a
surface of a P-type Si single crystal substrate by proton-ion

i mpl antati on $ubegrainal to demaid in thysdabvicepwiheraoy. £8311847t61983))
or by epitaxial grow h and patterning. Only the P-type SI substrate
is nmadéapoioate byinnr acadr ket | davieesodndstagpaov e sol ution
in such a way that the porous region surrounds the Si island from
the surface, fwifimdéent Vp@xgﬁllQ@t crystahd-is then oxidized at a high
speed for dielectric aration. In_this nethod, the separating Si
regi on i s deReraPAed B? pdtd thatddoptenat epset Hoe ey

limting the de%ff ?f freedom of device de5|g . (4). A net hod
for formng a 3 ?uﬁ?u?esﬁ% nfoT 28pitaxfat ngrovFRatAehedes Eheadhesi ve
to bond an Si . ry ubstrate on a different Si single crystal
substrate thatOllo THe? ma y %éééoéed is attracting

(1) An oxide film is formed on an Si single
10 crystal substrate with a V-shaped groove etched
anisotropically in its surface, a polycrystal Si layer
is deposited on the oxide film so as to be as thick as
the Si substrate, and then an Si single crystal region
surrounded by the V-shaped groove so as to be separated
15 dielectricly is formed on the thick polycrystal Si
layer by polishing from the rear surface of the Si
substrate. This method provides excellent
crystallinity but the steps for depositing polycrystal
Si by a thickness of several hundred microns and
20 polishing the single crystal Si substrate from its rear
surface to leave only the separated Si active layer
have problems in terms of controllability and
productivity.
(2) SIMOX (Separation by Ion-Implemented Oxygen)
25 that forms an Si0O, layer in an Si single crystal
substrate by means of oxygen ion implantation and that

is the presently maturest technique due to its



- 6- attention. This nethod requires an active |layer for a

device to be formed as a uniformy thin film That is, t he thickness
of a several -hundred-m cron-thick Si single crystal substrate nust
be reduced to the order 5 of mcron ogsless. The fol |l ow ng
two nmet hods can be used to provide a ~ 2 Tthinner film 1)

Thi ckness reduction by polishing 2) Thi ckness reduction by

sel ective etching 10 The polishing in 1) cannot provide uniformy
thin foLBR1288k! ¥onbBeRBELLEY! @ en! EnbN81! BEGKOESS 180 £orm  Teduced
to the order of submcron, "the thickness varratron w1 Be several

tens % resul khn@ib) Payer, howkfd:OUSLPFODLLE)EMT d¥ bl RE Wi ty. The
15 difficulty in achieving uniformty further increases W th

i ncreasi ng si zensf mube dubshpasAted, resultingl AnadHbt head abthgugh the
etching in 2) is supposed to be effective in providing uniformthin
films, it hasltlrgef alnbawnitngfptobeefor tB8 implambhetiehecthenebati o is at
nost 102 and is i nsufficient. The surface obtained after

et chi ng Ps badeading toTheduvredt pEbdnctyvdtyt hel8Ohdfayeoni sthad due to the
use of ion inplantation or epitaxial or heteroepitaxial 25 growt h on a
hi gh concentr §PF&6f Bfd¥péarsi argaybigh. Furthermopegetihésnsethed substrate

formed by bonding requi res two substrates, one of which is nostly
cause a large amount of crystal defects to remain in

the device and does not industrially provide a
sufficient quality to fabricate minor-carrier devices.

10 (3) A method for forming an SOI structure by
dielectric separation through the oxidization of porous
Si. In this method, an N-type Si layer is formed like
an island on a surface of a P-type Si single crystal
substrate by proton-ion implantation (Imai et al., J.

15 Crystal Growth, vol. 63, 547 (1983)) or by epitaxial
growth and patterning. Only the P-type Si substrate is
made porous by an anodization method using an HF
solution in such a way that the porous region surrounds
the Si island from the surface, and the N-type Si

20 island is then oxidized at a high speed for dielectric
separation. In this method, the separating Si region
is determined prior to the device step, thereby
limiting the degree of freedom of device design.

(4) A method for forming an SOI structure using

25 thermal treatment or an adhesive to bond an Si

monocrystal substrate on a different Si single crystal

substrate that is thermally oxidized is attracting



-7- usel essly renoved and di sposed of through polishing and
etching, thereby wasting limted gl obal resources. Thus, SO wth
bondi ng presently has nmany problens in terms of its controllability,
uniformty, and costs. 5 I n addi.tion, generally due to the

di sorder of the crystal structure of "a light-transmni ssive substrate
represented by glass, a thin film$Si |ayer deposited on t he
substrate can only foorm an anorphous | ayer or a pol ycrystal | ayer

based on the sheokeesnof PANSIEALRS reddhiresnth t&@éﬁi&r&ﬁﬂ%&eq or mance
p

devi ces cannot be produced. This is because since anorphous

structure of device tdepsubsinad Gad Sa AT ANAGMSy BNLEXEElH entpsigle crystal
| ayer cannot be obtained by sinply depositing an Si |'ayer. The

| i ght - transmi tisé veh St s QLS | $ depfd BfHundfed-ni dedi-Oghicding @ cont act
sensor or a projection |iquid- crystal image display device that is
a light-receisimgle crysta&l esdndtraNg mdty bderedpray etentheofofieel s but

al so a hi gh- performance drive elenent are required to attain

hi gher densit9f migher ¢esbdssion, and finer definition 20 of the

pi xels in the sensor or display device. Thus, to provide elenments
on the light-transhfesfeklowing twqmuethads canribg)used yia Hravides ®f an
excel | ent . _Crys linity is required. Anong such SO
substrate prdﬂﬁﬁ??%% %% Pods, the 25 net hod of forning a

non-si ngl e-crystal ., seg canduct or . layer on a porous |ayer and

transferring the I%iéfﬁﬁék?ﬁss redu%f%ﬁﬁuﬁ#&??&f rate via an insulating

layer as 2) Thickness reduction by selective etching

10 The polishing in 1) cannot provide uniformly thin
films easily. In particular, if the thickness is
reduced to the order of submicron, the thickness
variation will be several tens %, resulting in a
serious problem for providing uniformity. The

15 difficulty in achieving uniformity further increases
with increasing size of the substrate.

In addition, although the etching in 2) is
supposed to be effective in providing uniform thin
films, it has the following problems.

20 - The selection ratio is at most 10% and is
insufficient.
* The surface obtained after etching is bad.
The crystallinity of the SOI layer is bad due to the
use of ion implantation or epitaxial or heteroepitaxial
25 growth on a high concentration B-doped Si layer.
A semiconductor substrate formed by bonding

requires two substrates, one of which is mostly



- 8- di scl osed in Japanese Patent Application Laid-COpen No.
5-21338'is very excellent due to the uniformthickness of the SO
| ayer, its capability of maintaining the crystal -defect density of

the SO |ayer at a lowlevel 5 easilyy7the fl at ness of the surface of
the SO | ayer, no need for an expensive apparatus of a special

specification for fabrication, and the capability of using the sane
apparatus for various SO film t hi cknesses rangi ng from about severa

100 Angstrom ti8e1d8sly +8mBYEEOHAnd di d ofF¥ht 110%:58MRLRI ng the
above nmethod with Y ?he netﬂod é?ggfgseg I n Jgggﬁggglﬁg¥éﬁgngha

Appl i cation etchipgaidh@ﬁéﬁy“bas%iﬁ@2§§ﬁitbﬁablb§alb¥egeﬁghgg.a nonpor ous
single crystal sem conductor |ayer on a porous |ayer 15 ormed on a

first substrarbusbos8dingithebsfnapagopsesently BaBIhAnGT ¥&bBlehayeh ONto a
second substrate via an I nsul ating | ayer, separating the first
substrate andterms oft htsseonhdoslbbilate, byntierpatoyusahayebswist hout
destruction, and snoothing the surface of the first 20 substrate and
form ng Porous | ayén additibnr geunsealipedue to therdiseunierr aFetbhan be
used many times. This nethod can significantly reduce production
costs and si npF¥Fyal structpgeppédactightstepesmissive substThsee are

several nethods for s%ggrgtin the 25 . bonded substrates nutually to
di vide into thEPFPPER Y 9iaBstrat EhiRaTLhE SdcoryesuBepraiEedi PRout

destruction. the subg £a éagghebnEQGfSLmtQﬁnéhéréﬁoﬁg'ia§2§ ggbgtrate 'na

polycrystal layer based on the disorder of substrates,
10 and therefore high-performance devices cannot be
produced. This is because since amorphous structure of
the substrate is amorphous, an excellent single crystal
layer cannot be obtained by simply depositing an Si
layer. The light-transmissive substrate is important
15 in producing a contact sensor or a projection liquid-
crystal image display device that is a light-receiving
element. Not only the improvement of pixels but also a
high-performance drive element are required to attain
higher density, higher resolution, and finer definition
20 of the pixels in the sensor or display device. Thus,
to provide elements on the light-transmissive
substrate, a single crystal layer of an excellent
crystallinity is required.
Among such SOI substrate production methods, the
25 method of forming a non-single-crystal semiconductor
layer on a porous layer and transferring the layer onto

a supporting substrate via an insulating layer as



- 9- direction vertical to the bonded surface. Another met hod
is to apply a shearing stress in parallel with t he bonded surface
(for exanple, noving the substrates in the opposite directions within
planes in parallel 5 wth the bonded _syrface or rotating the substrates
I n the circunferentially opposite directions). A pressure can
be applied to the bonded surface in the vertical _ direction. =
Furthernore, a wave energy such as ultrasoni c waves can be applied to

the separati afi sdfosed efh OfaparkbREbd Fih idd Lo Xedd Sopen s p bl ade
such as a knife) can also be inserted into the sSeparation region in

parall el wthsihesdpndedvety feceellent ddé ot t tige ShAlbf ©fm t tiei donsiasl
substrates. Furthernore, t he expansi on energy of a materi al
infiltrated iof othdeSOlSlayepprbus ¢cayasilheay dfincdimvsimbng hehseparati on
regi on may be used. The porous layer functioning as the

separ ati on r egrpstabydafsot btenhbrynedf ythoxi SPkebayeomt a lowtlevel de of

t he bonded substrates to expand the vol une of this |layer. The porous
| ayer fuhctiodediids the flatnesscphir e cPu¥rERFEONOFalhAl SO ber¥®T ect i vel y
etched from the side of the bonded substrates to separate the
substrates. PrPaPP§d 5OF afRre¥BeRBHVH2PRFTatUS Ofiﬂp$%ﬁ?%$}on to provide

m crocavities na

substr at es na?p?%%ggﬁéggggaiorif?%ﬁ?%%gﬁgﬁf?%g%; Q?r§€é§§1f$g%f$ﬁe nor mal
0L et on nashpdl shAcrRGR SPeRtALPECrhg PEBLoLieasgPRLE! on realon
thicknesses ranging from about several 100 Angstrom to
10 10 micron.
Furthermore, by combining the above method with
the method disclosed in Japanese Patent Application
Laid-Open No. 7-302889, that is, by forming a nonporous
single crystal semiconductor layer on a porous layer
15 formed on a first substrate, bonding the nonporous
single crystal layer onto a second substrate via an
insulating layer, separating the first substrate and
the second substrate by the porous layer without
destruction, and smoothing the surface of the first
20 substrate and forming porous layer again for reuse, the
first substrate can be used many times. This method
can significantly reduce production costs and simplify
the production steps.
There are several methods for separating the
25 bonded substrates mutually to divide into the first

substrate and the second substrate without destruction.

For example, one of them is to pull the substrate in a



- 10 - However, these nethods for separating the two

bonhnded substrates mutually are ideally excellent, but all of themare
not suitable for the production of sem conduct or substrates. One of
the difficulties is 5 that the bondedgsem conductor substrates are
general ly shaped |i ke discs and havé a small thickness, for
exanple, 0.5 to 1.0 mm and that the bonded portion has fewrelatively
| arge recesses on which a jig can be caught. Thus, a nethod of

catching on af AUdeMRAFOPiddl to [dd RUIdPirRACh Alsinate a jig
havi ng a recessed portion that fits the orientation flat portion and

rotating the marssd ai €std el Rld edhadding hechoswlerth paralisurdage, or a
nmet hod of catching the jig on a snall recessed portion made in the
bonded porti othe nodhdedi sherfdde (faf dtmmpibndetbwidusttied esudsotpeeds t hem are
limted. The pressure- based separation requires a very |large
pressure, thetmbyhé cvppogitdelsrectiing hel tpbarmtames oln parallsl i ncreased.
In the wave energy nethod, the wave i rradi ati on nmet hod nust be
subst ant$ al | ywiHprthedoende@osurfage @ ateta hitng o dSWhlerataesimi t h wave
ener gy efficiently, and immedi ately after separation, the
separ at ed subt®® atbscwaierertigl o mrReSEMRY dhfrgel@ath- A PregiweR . In
the separation fromthe_side, the substrates %ﬁ{%%ébe bent to all ow
cent

only their siTRR P BRPhiedelo the Ponded pSyptsge Fr tYSASs 1 emai ni ng

unseparated. .|n . the thod of inserting the peeling nenber into the
separati on re%}BﬁchBHTthgugggkfﬁﬁr?heaB%ﬂﬂ%degergy 85ch a8

ultrasonic waves can be applied to the separation

10 region. A peeling member (for example, a sharp blade
such as a knife) can also be inserted into the
separation region in parallel with the bonded surface
from the side of the bonded substrates. Furthermore,
the expansion energy of a material infiltrated into the

15 porous layer that functions as the separation region
may be used. The porous layer functioning as the
separation region may also be thermally oxidized from
the side of the bonded substrates to expand the volume
of this layer. The porous layer functioning as the

20 separation region may also be selectively etched from
the side of the bonded substrates to separate the
substrates. Finally, a layer formed by ion
implantation to provide microcavities may be used as
the separation region and the substrates may then be

25 irradiated with laser beams from the normal direction
of the bonded surface to heat the separation region

containing the microcavity for separation.



substrates, the insertion of the peeling nenber my . damage t he bonded
surface’ between the substrates due to the friction of the peeling
menber and t he substrates. One solution for avoiding these
problens is to 5 reduce the nechanlc%_ strength of the separation

regi on appropriately. This method, (%omever, may i ncrease the
possibility that the separation region is destroyed by an external

i npact prior to the bonding of the substrates. In such a case, part

of the destroyed fHlievesSEePaiddid b tRHONEIRYs ribf"éﬂ & and
cont am nat e the inside of the production appara Al 't hough the

conventional KeReEA! s FRI OO baKel Thea @) Meally ex@hvadH@gest t hey
still have the above probl ens. 15 SUMVARY THE 1 NVENTI ON

It is an obj ef£1l ohf t Hhém | MO NSU 4B Y i £€r afhe produdtidouwetl separation
met hod and apparatus that can separate the bonded substrates

mutual | y w t heetticonductaeséubstraoted 0 Preyerf the dephiatediesubstrat es
from 20 bei ng damaged and that is unlikely to destroy the

separ at i@Dn r ethah pPre oponded rﬁersit@qmbicg@p@mW@etes are [gRRRIASUDsSt r at es

even when an external force is plied thereto, thereby preventing
t he producti ofphaped lile diges end 6Pﬁ“{fé|¢195%h¥ a?ﬁ*féflé%s%w t¥Particles. 25
The feature of this invention resides in that a osi te nenber

havi ng a pIur%ﬁ?T?l%f APk st o mm and That obhs ?RﬁQﬁQi? YRkRRd into a

plurality of few relatively large recesses on which a jig can be

caught. Thus, a method of catching on an orientation

10 flat portion of each substrate a jig having a recessed
portion that fits the orientation flat portion and
rotating the substrates in parallel with the bonded
surface, or a method of catching the jig on a small
recessed portion made in the bonded portion in the side

15 of the bonded substrates to peel them are limited. The
pressure-based separation requires a very large
pressure, thereby forcing the size of the apparatus to
be increased. In the wave energy method, the wave
irradiation method must be substantially improved to

20 irradiate the bonded substrates with wave energy
efficiently, and immediately after separation, the
separated substrates may partly contact and damage each
other. In the separation from the side, the substrates
may be bent to allow only their sides to be peeled,

25 with their central portions remaining unseparated. 1In
the method of inserting the peeling member into the

separation region from the side of the bonded



- 12 - menbers at positions different fromthe bonded position
(separation region) of the plurality of nenbers by jetting a fluid
agai nst the conposite nenber. Wth respect to the separation

nmet hod, the 5 conposite nenber may be any menber having a separation
region inside, whereas with respect to Thet = sem conductor substrate
production nethod, it nust have the follow ng structure. A major
exanpl e of the conposite nenber is bonded substrates by bonding a 10

first substraigndnfadescorhd SibstEals: of Nend abling memSEPShipt e being a

sem conductor substrate in which a separation region is Tornmed as a

layer in a pogéu8fe the boh@EA!&drf8e8EHethadni theStibatLatld daepasal |l el
therewith and in which the surface and the portion 15  shallower than it

has no separ ath@nffegt06n ofhfhei feeling membeh &Ah&Sth8VEHbsOHRatssapplied
to the sem conduct or substrate production nethod, the nenbers
obt ai ned after One sepatabthofioargavabiiihdpetsase psobhem$i tstta@and second
substrates prior to bonding. 20 According to this invention, the
separati®n regeéduce the meghéntasbdstrengpbspfi thedséperehiohirvagioe

bondi ng interface_(junction surface) between the first and

second subst r8PBREOPFRatALYsepBrdsi Bathedp, hevever, maysipsreasesth@st be
separated by the seEaration ion 25 | ocated at  the ositign di fferent

> . re , .
from the bondPAgSiPility; fhatste. separation regygu isndesEpay¥ediBW regi on

i s adapt ed thReexternal impact prior to the bonding of the

substrates. In such a case, part of the destroyed

10 separation region may become particles and contaminate
the inside of the production apparatus. Although the
conventional separation methods have the major

advantages, they still have the above problems.

15 SUMMARY OF THE INVENTION
It is an object of this invention to provide an

improved separation method and apparatus that can
separate the bonded substrates mutually without
destruction to prevent the separated substrates from

20 being damaged and that is unlikely to destroy the
separation region prior to the step of separating
bonded substrates even when an external force is
applied thereto, thereby preventing the production
apparatus from being contaminated with particles.

25 The feature of this invention resides in that a
composite member having a plurality of members as

mutually bonded is separated into a plurality of



- 13 -

mechani cal |y weaker than the bonding interface so that

the separation region is destroyed before the bonding I nterface
Thus, when the separation region is destroyed, a portion of the
surface side of the first 5 substrat e yhi ch has a predeterm ned

t hi ckness is

bonded on the second substrate, thereby transferring the portio

separated fromthe first substrate while remaining

the second substrate. The separation "~ region may be a porous |ay

formed by themaniostdast oposifionsedhptetent fayerthorvmeidy pedtition
to provide m crocavities. These |l ayers have a | arge

I mpl ant ati on

nto
er

anount of (sepacadiani teéegbon Thos tlegi phurality sof beerbers by

het er oepi taxi al layer in which distortion and defects are
concentrated jattingtal flaidi agginstiSthe compoghee segmlpexi on regi on may

al so be multiple layers of different structures. For exanple, it may
consi st of Witk peerpetote thgcrePaBdthen drete@ntt®®rosities

or a porous |ayer of a porosity changing in the di rection,

per pendi 2ul arCPBPPHEtE PapRer jlay o Y mepper having 16cS¢RgEati®nsferred

fromthe first substrate_to t he
separating t hEegion Ingidsosvherqaapet thohpPPErhgtPhEP®irst and second
substrates bonded to

second substrate by, for exanp

ia the ..l nsu

t i1h h oth '
o used as o SEWCONANETEF Faperieen Sostuctile FEpeg. ot RISt MAT,
| ayer-to fabrkﬁgtgoilaw%gg ?EgaEEQPQPCFergfgfchample of the Jet of a

fluid that can

10

15

20

25

e use e Separation
composite member is bonded substrates by bonding a

first substrate and a second substrate, the first
substrate being a semiconductor substrate in which a
separation region is formed as a layer in a portion
located deeper than its surface and in parallel
therewith and in which the surface and the portion
shallower than it has no separation region. That is,
when this invention is applied to the semiconductor
substrate production method, the members obtained after
separation are not the same as the_first and second
substrates prior to bonding.

According to this invention, the separation region
is located at a position different from the bonding
interface (junction surface) between the first and
second substrates. In the separation step, the
substrates must be separated by the separation region
located at the position different from the bonding
interface.

Thus, the separation region is adapted to be

| e,

| ayer
i ng



can be conducted by a so-called water jet. method that injects a flow
of high*pressure water through a nozzle. I nstead of water, this fluid
may be an organi c sol vent such as al cohol, an acid such as
hydrofluoric or nitric 5 acid, an al I such as potassi um hydroxi de,
or a | i qui d capabl e of selectively ching the separation

region. A fluid consisting essentially of an abrasive particle-free
liquid is preferable. Furthernore, quid consi sting of a gas such

as air, ani tlﬁ&&ﬁgngééll¥19eak&@r é&rdi:ﬂ’é“ urx@éﬁf&g% 0By hgeused. A

fluid consisting of a gas or asna at c n etc

separation regh®ng rakﬁenbﬁeg@@& is destroyed B88oA8O0¥KeSEHREBLEON Met hod
can be applied to t sem conduct or substrate production nmethod to

enabl e the 1:5nterf@béOWi THuSELIIRES  the separatiod)rdégseni eenduct or
substrate production nethod conprising the steps of preparing a
first substrafiestroyed, canporsicg &f ptheususfageestdysodil tkenfLonduct or

| ayer and a nonporous single crystal sem conductor |ayer 20
sequential |y suhskedtenwhishbbasat eprédateryingd thiskness is substrate and
a second substrate so as to provide a conposi te menber having the
nonpor ous si ngéparayedafrom the fipstondbetvrteaybileoramadningi de; and

jetting a fluid to the vicinity of the gorous single crystal 25
senmi conduct orbpaged PR the §6ﬁ96@|§%bﬁ§ﬁ9§? tB SEpHY afEansferringe
conposite nenber at the porous single cry sem conductor | ayer,

or th?)PQIEéﬁPCEHdEE?o?e EﬁgtﬁﬁPétﬁ?ﬁﬁuctFBﬁ fEPABATION

region may be a porous layer formed by the anodization

10 method or a layer formed by ion implantation to provide
microcavities. These layers have a large amount of
microcavities. This region may also be a
heterocepitaxial layer in which distortion and defects
are concentrated in crystal lattices.

15 The separation region may also be multiple layers
of different structures. For example, it may consist
of multiple porous layers having different porosities
or a porous layer of a porosity changing in the
direction perpendicular to the layers, as required.

20 The layer transferred from the first substrate to
the second substrate by, for example, separating the
composite member comprising the first and second
substrates bonded together with each other via the
insulating layer is used as a semiconductor layer (an

25 S01 layer) on the insulating layer to fabricate a
semiconductor device.

Jet of a fluid that can be used for the separation



conprising the steps of inplanting ions into a first substrate of a
single crystal sem conductor at a predeterm ned depth to form an

i on-inplanted | ayer that can provide a mcrocavity |layer; bonding
the first 5 substrate and a second ;fgstrate via an insulating

| ayer so as to provide a conposite menber*¥n which the I on-i npl ant ed
surface of the first substrate is |ocated inside; and jetting a
fluid against the vicinity of the i on-inplanted | ayer of the

conposi te nenpgh HQ S6RANALEA BY a sbDEafPOROZALE, "BEPE e Bhod Nehat

ion-inplanted [ayer. This i nvention thus provides t%e sem conduct or
substrate injeft8dHCELER BSBtROghlPRésEaheSRhYErt BRreQgMERt hePale .
pr obl ens. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS FIGS. 1A
1B and 1C areinebesdt b waews, this flhldshagtbagaa oeghndcfsplseparating a
conposi te nenber according to this invention; FI GS. 2A
and 2B are scheoht as silewboll | ast aatldngucBROas hadrefauprécobranfrethed for
separating the conposite menber using a fluid according to this

i nvent i of; acid, an afke&li3siuchaapepgpessive hydwoshdei ngrama exanpl e of

a separation apparatus according to this_invention,  FIG 4is a
sectional vi ehi9Hddi FgPaRéehef eRdpprévely etching §BRaraPREATAPPar at us
according to this invention; i S_a perspective, view

showi ng yet aRgSkep- A flU’éséaﬁﬁpéiﬁriagsglﬁgﬁagiisalgpgsra u8PERELYRI ng to
this particle-free liquid is preferable. Furthermore, a
fiuid consisting of a gas such as air, a nitrogen gas,
10 carbon dioxide, or a rare gas may be used. A fluid
consisting of a gas or plasma that can etch the
separation region may also be used.

The above separation method can be applied to the

semiconductor substrate production method to enable the
15 following methods:

1) A semiconductor substrate production method
comprising the steps of preparing a first substrate
comprising a porous single crystal semiconductor layer
and a nonporous single crystal semiconductor layer

20 sequentially stacked on a substrate; bonding the first
substrate and a second substrate so as to provide a
composite member having the nonporous single crystal
semiconductor layer located inside; and jetting a fluid
to the vicinity of the porous single crystal

25 semiconductor layer in the composite member to separate
the composite member at the porous single crystal

semiconductor layer, or

2) a semiconductor substrate production method



i nvention; FIG 6 is a schematic view show ng stil
anot her ' exanpl e of a separation apparatus according to this

i nventi on; FIG 7 is a schematic view showing still another 5
exanpl e of a separati on apparat us accordlng to this i nvention

FIG 8 is a schematic view illustrating™ andt Rer exanpl e of a method
for separating a conposite nenber : using a fluid according to this

i nvention; 10 FIG 9 is a schematic view show ng another exanple

of a separati PRAL ALUSHAC nget 9 S eq hQ” FI GS.
10A and 10B a?gmgchgﬁapug V|§§ég§ %&nnmbmé taﬂ& bl 1?ﬁ8rae§éﬁ§Fe of a

separati on appabatttatece@r di Binhle crysta&hb§mh&5ﬁahbeer F FI G
11 is a schematic view showing still another exanpl e of a separation

appar at us accprddagetrminbidSdepth tol A¥eft BBNion-implanted Th{erlénks a
schematic view showi ng still another exanpl e of a separation
appar at us accordi pgovadehasmig@ocaviityehbiyen; bonding the EliGstl3 is a
schematic view showi ng still another exanpl e of a separation
appar at u§ accsudistgate endsa secondj gubstirene via an insulBk@ngld is a top
vi ew of another separation 25 apparatus according to this invention;
FIG 15 is a $p¥ervisewasft tehersepdeaki cAmRppateat member in which the

ion-implanted surface of the first substrate is located
inside; and jetting a fluid against the vicinity of the
ion-implanted layer of the composite member to separate
10 the composite member at the ion-implanted layer. This
invention thus'provides the semiconductor substrate
production method that can solve the conventional

problems.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A, 1B and 1C are schematic viewé
illustrating a method for separating a composite member
according to this invention;
FIGS. 2A and 2B are schematic views illustrating
20 an example of a method for separating the composite
member using a fluid according to this invention;
FIG. 3 is a perspective view showing an example of
a separation apparatus according to this invention:
FIG. 4 is a sectional view showing another example
25 of a separation apparatus according to this invention;
FIG. 5 is a perspective view showing yet another

example of a separation apparatus according to this

invention:



shown in FIG 14; - 17 -

FIG 16'is a schematic view showing a state of separating the
conposi te nenber; FIG 17 is a sectional view of the separation
apparatus shown in FIG 15, in its standbygstate; 5 FIG 18 is a
sectional view of the separation apparatus shown in FIG 15, inits
substrat e- hol di ng st at e, FIG 19 is a sectional view of
t he separation apparatus shown in FIG 15, in its

separ ati ng-operatippG. 18 is &t 8chémgtstabeewaslowing still afb€hez0 is a
sectional view of the separation apparatus shown in FIG 15, inits
separ at i ng- operahpba of a sepadanfiost apparatudbaccoDETAGLED EESERI PTI ON OF
THE PREFERRED EMBODI MENTS FIGS. 1A to 1C are schematic views

il lustrating danventionpet hod of separating a conposi te nenber according to
this invention. FIG 1A shows a state prior to the bonding of a
20 first nenberFiGand &ssacerbenehberview shevwipgsetidhbepother 1 has
i nside a_separation reglon 3 whichis a separation position of this
nenber. The separRipoRt 2 separagien QPBﬂEEEBSIPﬁéoﬁdF§9eF°h§§l§ | ower
mechani cal strength than a layer region 5 |located on the side of a
25 bondi ngiBYPPEEE" A, The two menbers 1 and 2 are bonded

such that the FIG. 8 is a schematic wview illustrating another

example of a method for separating a composite member
using a fluid according to this invention;

10 FIG. 9 is a schematic view showing another example
of a separation apparatus accordiné to this invention;

FIGS. 1l0A and 10B are schematic views showing yet
another example of a separation apparatus according to
this invention;

15 FIG. 11 is a schematic view showing still another
example of a separation apparatus according to this
invention;

FIG. 12 is a schematic view showing still another
example of a separation apparatus according to this

20 invention;

FIG. 13 is a schematic view showing still another
example of a separation apparatus according to this
invention;

FIG. 14 is a top view of another separation

25 apparatus according to this invention:

FIG. 15 is a side view of the separation apparatus

shown in FIG. 14;



bondi ng surface 4a-is faced to a bonding surface 4b in

order to forma disc-like conposite nenber having a bondi ng
interface 14, as shown in FIG 1B. A fluid 7 is jetted froma nozzle
8 toward the end of the separation 1589 gion 3 located on the side (end
surface) 6 5 of the conposite menber. ~* The separation region 3

agai nst which the fluid 7 is jetted is renoved or col | apsed. Thus,

t he conposite nenber is separated into two members 11 and 12 at the

separation region 81g. 16 is28 SBAWRatBcFySewlShowif tat Tgﬁ I ayer
region 5 is not present on a separation surfade 1 e separated

menber 11, andepakay@hg the comfgk®BeSmBaBebeen transferred onto a bondi ng
surface 4b of the original second nenber 2 so as to expose a

separated surface E38. 1%5is a sectibhal eiswnberthavikagatheibhi n | ayer
region 5 on t he second nmenber 2 is obtained. By form ng
t he second neabpar@taadshayerinefi6n 55, in itbystiahdpydstéesent material s,
a nmenber having a het er ogeneous bondi ng can be produced easily.
Speci fic® 20 exBABk edBotssacheqtionpdl yievcbldeheondpatation

sem conductors, and insulators, and two of which are selected to
form the secoRBPREALEF Shaws iReFIGyet5. in itpegubstsate-holding | n
parti cul ar, S|I|con quartz, glass, or silicon 25 havi ng an i nsul ati ng
filmformed oftRE€ surface is preferably used as the second nenber.

FIG. 19 is a sectional view of the separation
apparatus shown in FIG. 15, in its separating-operation
10 starting state; and
FIG. 20 is a sectional view of the separation
apparatus shown in FIG. 15, in its separating-operation

ending state.

is DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIGS. 1A to 1C are schematic views illustrating a
method of separating a composite member according to
this invention.
FIG. 1A shows a state prior to the bonding of a
20 first member 1 and a second member 2. The first member
1 has inside a separation region 3 which is a
separation position of this member. The separation
region 3 shaped like a layer has a lower mechanical
strength than a layer region 5 located on the side of a
25 bonding surface 4a.
The two members 1 and 2 are bonded such that the

bonding surface 4a is faced to a bonding surface 4b in



A sem conductor material such as silicon, silicon

- 19 - germani um silicon carbide, gallium arsenide, or indium
phosphorus is preferably used as the |ayer region. The | ayer region
of such a material may partially include 1 an thin insulating layer. 5
The nost preferred conposite nenber that |% - separated into at | east
two is obtained by bonding two sem conductor substrates, or one

sem conduct or substrate and one insulating substrate and is called

bonded subst r&t@sr Oto bedeR da V& €651 1 kd Ccomposite SEOREEE | NG, LGN, @ conposite
menber provides a sem conductor substrate of an exce nt SO

structure. bonding int&iHicd OLHONEM NhodheiSEPEEAti®N LIEPR; 4 Sy
desirably formed inside a substrate al ong the bondi ng surface. 15
The separ at i obs r pgtoad nfyoea ficgkle &nosighrd othe end & | eMet he conposite
menber to be separated into two at t he separation region by the
jetted fluid seRexation regipm\@ntocknedecon otine heide egerdssut fede § han t he
separation region. 20 ) Specifically, it can be nmade fragile by
containifig ©f the ¢pupesitey member: ocHWe t$erarakicle Temicrplration
region or inplanfin heterqgsneous,ions,to,cause ) strain.
The mi crocavi¥PTRST o of P9 oF Beidf7 alHoidtiked 255 rempieRd o?* bubbl es
gener at ed by i0£ i égﬂtqﬁgon, a5 descri bed bel ow. The separation
region is pré?% %%§€ . us, e composite member is separated
into two members 11 and 12 at the separation region 3,
as shown in FIG. 1C.
10 The layer region 5 is not present on a separation
surface 13a of the separated member 11, and a layer
region 5 has been transferred onto a bonding surface 4b
of the original second member 2 so as to expose a
separated surface 13b.
15 Thus, a member having the thin layer region 5 on
the second member 2 is obtained.
By forming the second member 2 and layer region 5
by using different materials, a member having a
heterogeneous bonding can be produced easily. Specific
20 examples of such materials include conductors,
semiconductors, and insulators, and two of which are
selected to form the second member 2 and the layer
region 5.
In particular, silicon, quartz, glass, or silicon
25 having an insulating film formed on its surface is

preferably used as the second member.

A semiconductor material such as silicon, silicon



0.1 to 900 [err]mand nore preferably 0.1 to 10 [err]m

20 The flow of a fluid used to execute separation
according to this invention can be inplenmented by jetting the fluid
t hrough a nozzle. A nethod for convefting the injected flowinto thin
beans at a high 5 speed and a high préssure may be the water jet nethod
using water as the fluid such as that introduced in “Water Jet" Vol.
1, No. 1, p. 4. In the water jet that can be used for this invention,
hi gh- pressur gyei8ii @, silicieMidd0 kdfadsadBid | d¥ essinied by a

hi gh- pressure 10 punp is jetted through a thin nozzle and can cut or

process ceranpiSspidiwd i€ Qs ffabILSised rabbeie diyer regi®od (@i
abrasive material such as SiQ2 grains is added to water if the
material is hoighdry reyoe &f paich 4 imanerial rdawrparisieXbceidayels or wash
the surface of a nenber. 15 The water jet has been mainly used to
renove a partamfthin insulwetimgg ekawey. as descri bed above. That is, water

j et cutting has been carried out to renove a cut edge from a
mai n menber, and tHee ey Hroferrrd pzemroditenBgiber that tife washi ng of

t he nenber surface has been executed to 20 renmove unwant ed portions.

If the water FeReTateletptd at leas¥t givp (3R IPHRIRRI PY IRAPRE N W ng to

this invention e %etted toward t he bqﬁgéggrlnterface on the

si de (end sur?%f&’é‘}o‘b‘?u(ﬁ%‘:’%g%‘%%bﬁ T8t et CPRNBVR-G | east a part of
e, SEPRr o 0P 90 TR IS SRy 1 B8 bl GRS, R BT ot 1S
bonded bonded substrates or bonded wafers.
10 Separating such a composite member provides a
semiconductor substrate of an excellent SOI structure.
Prior to bonding, the separation region is
desirably formed inside a substrate along the bonding
surface.
15 The separation region may be fragile enough to
allow the composite member to be separated into two at
the separation region by the jetted fluid and to
prevent damage to other regions other than the
separation region.
20 Specifically, it can be made fragile by containing
a plurality of microcavities inside the separation
region or implanting heterogeneous ions to cause
strain.
The microcavity is formed of pores of a porous
25 body or bubbles generated by ion implantation, as
described below. The separation region is preferably

0.1 to 900 um and more preferably 0.1 to 10 um.



substrates and against a part of the first and second

- 21 - substrates in the vicinity of the separation region

Then, the separation region of a | ow nechani cal strength is renoved
or destroyed by the water jet to _Q%Ea[ate t he conposite nmenber into
two substrates 5 without damage to eath substrate. Even if the
separation region is not exposed on the side but is I nstead covered
with a certain thin layer for any reason, the water jet may be used

to remove the layefhe flow &8VErfNGidNesSEPES AbkOPuEE B ANcidie side and
then to 10 renove the separation region exposed fromthe side.

Al though not attepdusgdtonthie® DhivenRtash,célebe implem@iesd iy may be
jetted against a small recessed portion on the side of two bonded
chanf ered subgéttteg, the fluidhehrosghoa tbezleci rEundeiadcBot 0 penetrate
and extend 15 m crocavities or pores in the separation region of a
fragil e structomeerbisgpthat énjaectdédniibowsihborbites. beans at Thilsigiper ati on
is not intended to performfor cutting or renpval, so little chips
occur frdm thepgepapradi anhigh pregsyrenmayidoe hthe oWpbet t tevandhodan be
separated 20 = wthout the need for abrasive particles or damage to
surfaces obt apfitBgbyaseparat ton, fEyid pechnhasphpafi fptroducedginghe
separation regjon cannot bhe.repoved by the wate jet. This is not a
cutting or poIW@ﬁ?ﬁggﬁFfeX?lbugPaNO‘ 1, pki%ﬁ o?nmﬁﬁﬁéwﬁ#?ﬁcieBrEﬁéﬁed by
the fluid. Th hi s 5 LS. ver f%e | Ve, | _%h i essed or
narrow gap | oo b Breforan bR Fratpdnhiih. fubbor B ERS Rt RECRTN
several-thousand kgg/cm2 pressurized by a high-pressure
10 pump is jetted through a thin nozzle and can cut or
process ceramics, metal, concrete, resin, rubber, or
wood (an abrasive material such as Si0, grains is added
to water if the material is hard)}, remove a paint film
from a surface layer, or wash the surface of a member.
15 The water jet has been mainly used to remove a part of
the material, as described above. That is, water jet
cutting has been carried out to remove a cut edge from
a main member, and the removal of the paint film and
the washing of the member surface has been executed to
20 remove unwanted portions. If the water jet is used to
form the flow of a fluid according to this invention,
it can be jetted toward the bonding interface on the
side (end surface) of bonded substrates toc remove at
least a part of the separation region from the side.
25 In this case, the water jet is jetted against the
separation region exposed on the side of the bonded

substrates and against a part of the first and second



force of the water jet is applied in a direction in _ _

- 22 - whi ch the substrates are peeled off at the separation
region. To obtain a sufficient effect, the side of the bonded
substrates is preferably recessed rather than pr ot r udi ng. 5
FIGS. 2A and 2B show this effect. In FIGS™ 2A and 2B, 901 and 911
i ndicate first substrates, 902 and 912 second substrates, 903 and
913 separation regions, 904 and 914 seni conductor |ayers, 905 and

915 insul ati Ngubstratesa¥er $he9%8cand +916 hendi REpRLeRbACeS ;i1 RQ7 a jet of
a 10 fluid, and 908 and 918 the directions of forces applie to

t he substrat eqhayn,t htef Isdipdration region bEGa 2AwCaReBRhyakhy shows the
direction of a force applied to the substrates by the water jet when

the side of tisdremgtdf ishechordddosubdettabged dy the wategegsedto The force
Is applied in a direction in which the recessed portion is extended,
that is, in asSeparateqjthecconpoisitehnembele ibdodéwos shbstatessar e peel ed
off. On the contrary, FIG 2B conceptually shows the direction of a
force applied"idhopg Sgpageattes epght gubskgate.ygEaen é€ when the si de of

the end of the bonded . Substrates is protruding. In this case, a
force is not SeParation regipp ffengt, 8&PPSRY RrWATENSEAE BY/déS substrates
are peel ed off, 0 .t.he subst.rat canno t ed nmut ual |'y

! o
unl ess a partlgf%ﬁﬁg §?B§F§9igﬁ%ie6i8ﬁr 3ﬁ%b§%R%%§aYanFPFaPPY r emoved.
Even if the S%Q%%@H,OQhE?%%%Qr'§e@OEa§XBQS%%e8nto remove the layer

covering the separation region on the side and then to
10 remove the separation region exposed from the side.
Although not often used in the prior art, the
water jet may be jetted against a small recessed
portion on the side of two bonded chamfered substrates,
that is, on their circumference to penetrate and extend
i5 microcavities or pores in the separation region of a
fragile structure to separate the bonded substrates.
This operation is not intended to perform for cutting
or removal, so little chips occur from the separation
region and the composite member can be separated
20 without the need for abrasive particles or damage to
surfaces obtained by separation, even if the material
of the separation region cannot be removed by the water
jet. This is not a cutting or polishing effect but a
kind of wedge effect provided by the fluid. Thus, this
25 is very effective if there is a recessed or narrow gap
on the side of the bonded substrates and the Jjetting

force of the water jet is applied in a direction in



the side but is instead covered with a certain thin

- 23 - | ayer for any reason, a sufficient separation effect
can be obtai ned when the side of the bonded substrates is recessed as
descri bed above because a force is _ QQpLied in the direction in which
the vicinity of the 5 separation region is extended to destroy the thin
| ayer covering the separation region on the side and then to
extend and destroy the separation region. To efficiently receiveé the

flow of the wathdch ehe iSidstratesapeiel pee1WddUF okt hde eepasadiBartion is
desirably 10 equal to or larger than the diameter of the water jet.

When this i nveegiom.i s Tappbitadnt @ saffiiademnte e fect, theNsaaeduwet @he .
substrate, since the thickness of the first and second substrates is
| ess than 1. 0bemdedheubstratelsi denpsefefrabliy bectededubrstthatreshahhat is, of
the 15 conposite nmenber is less than 2.0 nm Since the _ aperture
w dth of the Pé@§§§@énﬁbrt|on Is normally about half this value, the

di anet er _of the mater i's preferably 1.0 mmor |ess. Actually, a
wat er j e of ou@AOa?dn@Pd§§ﬁ§t€P1§aﬁfﬁécﬁht e B&sti eal apde. 20

h | udi rcle.
AT ono el .et’.f? " 3oy et Bl T3¢ %”%éiuéﬁstéﬁeat5‘{5&”@%@%#@?5
| h b fl b
32:?382 fgfhcongltlo%gbgFritgskang %2% g&§e§§p%g%tl%n @%9&?88 aPB4trar|Iy
dependi ng on GRg GYRE AhildRductor 1868221 683 L% @1 50% kG s 1n86 of the

side of the
layers, 906 and 916 bonding interfaces, 907 a jet of a

10 fluid, and 908 and 918 the directions of forces applied
to the substrates by the fluid.

FIG. 2A conceptually shows the direction of a
force applied to the substrates by the water jet when
the side of the end of the bonded substrates is

15 recessed. The force is applied in a direction in which
the recessed portion is extended, that is, in a
direction in which the bonded substrates are peeled
off. On the contrary, FIG. 2B conceptually shows the
direction of a force applied to the substrates by the

20 water jet when the side of the end of the bonded
substrates is protruding. In this case, a force is not
applied in the direction in which the bonded substrates
are peeled off, so the substrates cannot be separated
mutually unless a part of the separation region can be

25 initially removed.

Even if the separation region is not exposed on

the side but is instead covered with a certain thin



bonded substrates. For exanple, the pressure of the

-24- ' jet and its scanning speed, the dianeter of the nozzle (
= the dianeter of the water jet) and its shape, the di st ance bet ween
the nozzle and the separation region, _ ,5 and the flowrate of the fluid
are inportant 5 par anet ers. In an actual separation step,
separation can be achi eved by scanning the nozzle along the bonded
surface while jetting the water jet froma direction in parallel wth

the bondi ng sua{aeesrer hh¥i PEatbR, VAt 8hiffifientebephirheidRVengethe bonded
substrates in parallel. 1In addition, the water jet may be scanned
So as to drawcan be obthanearehsed the 8932l 6f @het benheadsdbsubsteat es may
be rotated around the position of the fixed nozzle as a
rotational cehbereckssad as désenibbé sheee bheahsadadfotbe issubstrates
are shaped li ke discs such as wafers with orientation flats or
not ches. Fur ehpiliedeint thbewdivection injwhighythe ydcinidtmgatnshet he
separation region from an angl ed direction as required instead of
pl aci ng Phe Separaggsp| gegihorhéssantepfafetasderérppntiee thiariarer The
20 scanning of the water jet is not limted to nmet hods but
fo here

may be carrie YBEIRY ARG B : FEPRobegion on FhﬁgggggeagdSFﬁEE tRe wat er
| ot 5,2 VTRl ang aore Rl TEhE" pRREhEoRIFBELLRD, Cybection, 1 ol Tost
oS 1o BRI TERIY Folly 96 ERR 30ROR NOIARELSTEL, wne 13 rrely
aperture width of the recessed portion is desirably
10 equal to or larger than the diameter of the water jet.
When this invention is applied to manufacture a
semiconductor substrate, since the thickness of the
first and second substrates is less than 1.0 mm, the
thickness of the bonded substrates, that is, of the
15 composite member is less than 2.0 mm. Since the
aperture width of the recessed portion is normally
about half this value, the diameter of the water jet is
preferably 1.0 mm or less. Actually, a water jet of
about 0.1 mm diameter can be put to practical use.
20 The nozzle jetting the fluid may have any shape
including a circle. A long slit-like nozzle can also
be used. By jetting the fluid through such a nozzle,
thin band-like flows can be formed.
Various jet conditions of the water jet can be
25 selected arbitrarily depending on the type of the

separation region or the shape of the side of the

bonded substrates. For example, the pressure of the



Jet applles a force of only several hundred grans to

25 the bonded substrates except for the separation region,
the substrates are prevented from bei ng destroyed. | nst ead of
wat er, an organi c sol vent such as _ajgohol, acid such as hydrofluoric
‘or nitric acid, or 5 al kali such as potassium hydroxide, or a liquid
t hat can selectively etch the separation regi on may be used.
Furthernore, a gas such as air, nitrogen gas, carbon di oxi de gas, or
rare gas may petused aesfbuéﬂniﬁgg@ﬁeed, therdphmstart bat thémeighet he
separation region may also 10 be used. As water to be used for a
conposi te nenperthe diameeparafi tineneébed jat)ododetltsnsbapbe prhecess of
produci ng a sem conduct or substrate, pure water with a mnimzed
anount of an fhptanceg hetweeanthpanvtizlesand the separatieapuegioater are
desirably used, but the 15 substrates may be washed and the inpurity
met al and and paet £épusrake epEnbhedfhpidrasepdPaPFrdantisi ng t he wat er

jet, due_to the perfect |owtenperature process. In particular, in
this inventi oR2reRetersid |s preferably free of abrasive particles
so as not to | eave_unwante scratches in the substrates.

A seni conduct or suE?t?QtECEEEBrﬁ?Hﬁr?Bl?ﬁl§tep' SePPRFEHPPoRPRaR®be used t o

fabricate a sg cond C gylLce an for single gerysta
sem conduct or ® ay% eH Ey chnn%ﬁ% nsu?%?lfe oggnkg?obag I'he structure

instead 25 su%aaa eﬁ%reehelﬁsvms water jet frohl § a3rhdcfoachgmatic

Vi ew showi ng a separati on
parallel with the bonding surface or fixing the water

10 jet while moving the bonded substrates in parallel. In
addition, the water jet may be scanned so as to draw a
fan around the nozzle, or the bonded substrates may be
rotated around the position of the fixed nozzle as a
rotational center if, as is often the case, the bonded

15 substrates are shaped like discs such as wafers with
orientation flats or notches. Furthermore, the water
jet may be jetted against the separation region from an
angled direction as required instead of placing the
nozzle in the same plane as the bonded interface. The

20 scanning of the water jet is not limited to these
methods but may be carried out by any other method as
required. Since the water jet has a very small
diameter and the injection direction is almost parallel
with the surface of the substrate, wvector resolution

25 shows that a high pressure of several-thousand kgf/cm?
is rarely applied to the substrates. Since the water

jet applies a force of only several hundred grams to



apparatus according to one enbodi nent of this

- 26 - I nventi on. Ref erence nuneral 101 denotes bonded
wafers as a conposite nenber; 102 a fluid jet nozzle; 103 a

vertical novenent nmechani sm for adjustjrghtpe vertical 5 position of the
nozzl e 102; 104 a horizontal novenent mechani sm for adjusting the
hori zontal position of the nozzl e 102; 115 a hori zontal novenent
mechani sm f or adjusting the horizontal position of the wafer; and 105
a waf er hol dee aSoRad®! S@bstrdfes except RESLrEMC asdpimidsh Keyidhi4, and
116 denote gui des. I'n the apparatus shown in FIG 3, the
waf er i€ patilbs t oAt ePpesnd i Prevenpad f Or sl bding it dygsdpVvenent

mechani sms 103, 104, and 115 to align the nozzle 102 15 wth the end of

the separation regnehead dhHhewadry dfilorganic swlivemt tsuich aadni ghly

pressurized fluid fromthe nozzle 102 to the end of the separation

regi on on t halephiel pfacid such hes viaydroibuonwht | @r npi/Enic tawidozat e in the

hori zont al and vertical directions with the wafer 101 remaining 20

fixed. 2 alkall gachrafceohapeidr Dodreowiieates a bi@yddgtha®eri al

used as required and consisting of a porous or . nhonporous el astic

body. can sefpetively atchhbhRit FePPed Ehart TSI SRS Hfi ¥R 25

anot her exanpl e, of a separation apparatus used for this i nvention
28 oD

In FIG 4, 401 FHOrBates #wd nificibf - nitrogen gas, carbon

dioxide gas, oOr rare gas may be used as fluid. A gas
or plasma that can etch the separation region may also

10 be used. As water to be used for a composite member
separation method introduced into the process of
producing a semiconductor substrate, pure water with a
minimized amount of an impurity metal and particles,
and ultrapure water are desirably used, but the

15 substrates may be washed and the impurity metal and
particles are removed after separation using the water
jet, due to the perfect low-temperature process. In
particular, in this invention, the fluid is preferably
free of abrasive particles so as not to leave unwanted

20 scratches in the substrates.

A semiconductor substrate according to this
invention can be used to fabricate a semiconductor
device and to form a single crystal semiconductor layer
on the insulating layer into a fine structure instead

25 of an electronic device.
FIG. 3 is a schematic view showing a separation

apparatus according to one embodiment of this



wafers of Si integrally bonded as a conposite nenber

- 27 - havi ng inside a porous |layer that acts as a separation

regi on. Reference nunerals 403 and 404 indicate hol ders that suck and
fix the sem conductor wafer 401 usi a vacuum chuck and that are
rotatably nmounted on 5 the sane rotating shaft. The holder 404 is
fitted in a beari ng 408 and supported by a supporting stand 409,

and its rear end is directly coupled to a rotating shaft of a speed
control notoriddEatibals, controlling the notor 410 enabl es the hol der
404 to be rotated at 10 any speed. The other holder 403 is fitted in a
beari ng 411rendrenpponlimerdy 1de Suppossibogndédntaddbs &6ndaa
conpression spring 412 is provi ded between the rear end of the

hol der 403 andompesitppoetbay; s1@dds 40Buid ppplyozzle; 1@3farce in a
direction in which the holder 403 | eaves 15 t he sem conductor wafer 401.
The seni conduecevtigal enovenent mechapism for adjustipgrthpovertical recessed
portion of a positionin in 413 and is sucked and held by the

hol der 494. TResition ofofhernagaleallhol 104 he headrenthrl i heverentonduct or
20 waf er 401 bg using the pin 413 to adjust the_vertical position
of the wafer BEFNAFHEMLEPHRIIBITIRT (ERRNOTIZONTaL: PREF BLAaPhstPE he
spring 412 to_a and hol ds t

sitjon whi ch . it sucks e
seniconductornﬁégg? iégf ?%5 a horigapial JAQVENSPE e ?Bl?%rg%ris appl i ed
e L st e Tk LR SR S

a wafer holder as a holder.
10 Reference numerals 113, 114, and 116 denote
guides.

In the apparatus shown in FIG. 3, the wafer

separation operation is performed by using the movement
mechanisms 103, 104, and 115 to align the nozzle 102

15 with the end of the separation region of the wafer 101
and jetting a highly pressurized fluid from the nozzle
102 to the end of the separation region on the side of
the wafer 101 while moving the nozzle in the horizontal
and vertical directions with the wafer 101 remaining

20 fixed.

Reference numeral 106 indicates a backing material

used as required and consisting of a porous or
nonporous elastic body.

FIG. 4 is a schematic perspective view showing

25 another example of a separation apparatus used for this

invention. In FIG. 4, 401 indicates two semiconductor

wafers of Si integrally bonded as a composite member



the hol der 403 for sucking the sem conductor wafer 401

- 28 - are bal anced so that the force of the conpression

spring 412 will not cause the holder 403 to | eave the waf er 401.
Afluidis fed froma jet punp 414 to thejet 5 nozzl e 402 and
continues to be output until the jet fluid is stabilized. Once the
flow of the fluid has been stabilized, the nozzle is noved, a
shutter 406 is opened, and the fluid is jetted fromthe jet nozzle
402 t hahningi ties Dde td eponrnst r etwed Othagaaast ddea camparation 10

t hi ckness of the sem conductor wafer 401. At this poi nt, the hol der
404 is rotat ecedion he Referena® nynerals 4¢3tand 40 Sedicaveluct or waf er
401 and hol der 403. Bg jetting the fluid against the vicinity of the
t hi ckness-wi skokdprerthpt ipeckemndofitucter sRmbeorductoygvafer Mol

sem conductor wafer 401 is extended to cause a forous | ayer in the
seni conduct orU$kRerd ARCTHatchuck and that 27¢ FYtReRLY LY EREt9Dyed and
is finally separated.intao two. descyj bed.apove, the
fluid isé appl 2% ?%‘“?h‘é"’gi'gmg %‘é#%bnd’ﬂ*&?o‘?"%x%?%r‘ﬁ‘é)llﬁnﬁg‘f?ﬁyl%n%l a

ri ghtward for . hS pLi hol 403. hol dj t
sem’conductortggéalrlng %%?e?3§0%§5§%£€%%P§%e%a$§§%%9§€%?a%% uct%?bMafers 401

are unlikely éﬁhSi%QGrgéfeénéefgréifég%ly oupled toT%erQQQQ waf er 401
can al so be separated by 25 scanni ng the hozzl e 402 1 n parallel wth
the bonding shaft bALETE5684 (SEREASE) mOEot NELHONTER ¥AT &5 Rl M Adout
the motor 410 enables the holder 404 to be rotated at
10 any speed. The other holder 403 is fitted in a bearing
411 and supported by the supporting stand 409, and a
compression spring 412 is provided between the rear end
of the holder 403 and the supporting stand 409 to apply
a force in a direction in which the holder 403 leaves
15 the semiconductor wafer 401.
The semiconductor wafer 401 is set so as to
correspond to a recessed portion of a positioning pin
413 and is sucked and held by the holder 404. The
holder 404 can hold the middle of the semiconductor
20 wafer 401 by using the pin 413 to adjust the vertical
position of the wafer 401. The holder 403 is moved
leftward against the spring 412 to a position at which
it sucks and holds the semiconductor wafer 401. 1In
this case, a rightward force is applied to the holder
25 403 by the compression spring 412. The returning force
applied by the compression spring 412 and the force of

the holder 403 for sucking the semiconductor wafer 401



rotating the wafer 401. Wen, however, separation is

- 29 - executed by scanning the nozzle 402 without rotating

t he bonded wafer 401, high-pressure water at 2000 kgf/cmerr] is
required for a nozzle dianeter of 0.15-mg - whereas only 200 kgf/cn®
of pressure is required when 5 separation is carried out by rotating

t he bonded waf er 401 with the nozzle 402 fi xed. This is
because water is jetted to the center of t he bonded wafer 401 to
enabl e t he vaterbplascsedesd othat the abdbred fofi et | gomsression endi ng force
conpared with the 10 scanni ng of the nozzle. The fol |l ow ng
ef fects can derhy afth2dvbil reetictagse the hohdenat@? 9 ebsave.the

1) The wafer can be separated w thout destruction. 2) A large
nunber of je¥afeant®d- sinultaneously 15 used due to the increased

avai l abl e capacity of the, unp. 3) The size and wei ght
of the punp can b% fogidels fed £fom gy 9?%?d%+4r€%ggh%ﬁ3%%1erials are

S5 O orehe qab ol BnBSuBLPLES BB L0 PPBRL LR (O eosiY
particular, Pluig s ctBB11fhekS "6HNECHNL O Abl Ol SOUDIzPLORM, JRASUM €5 1O
y. e waf er hol'di ng"neans shown in FIG 4

1S e e SEASTLENGHS, U B oL oS Sad0i ) dRde e Pib) 10e
opened, and the fluid is jetted from the jet nozzle 402
to the side of the substrate 101 against the center of
10 thickness of the semiconductor wafer 401. At this
peint, the holder 404 is rotated by the motor 410 to
rotate the semiconductor wafer 401 and holder 403. By
jetting the fluid against the vicinity of the
thickness-wise center of the semiconductor wafer 401,
15 the semiconductor wafer 401 is extended to cause a
porous layer in the semiconductor wafer 401 that is
relatively weak to be destroyed and is finally
separated into two.
As described above, the fluid is applied to the
20 semiconductor wafer 401 uniformly and a rightward force
is applied to the holder 403 holding the semiconductor
wafer 401, so that separated semiconductor wafers 401
are unlikely to slide after separation.
The bonded wafer 401 can also be separated by
25 scanning the nozzle 402 in parallel with the bonding
interface (surface) of the bonded wafer 401 without

rotating the wafer 401. When, however, separation is



by pre55| ng it fromboth sides of the holders 403 and

30 404. In this case, the high-pressure water al so
advances whi | e extendi ng the bonded wafer 401 to forma small gap in
them and finally separates theminto twag - The smal l er the
contact portion between the 5 hol ders 403 and 404 and t he bonded waf er
401 is, the nore flexibly the bonded wafer 401 can nove when the
hi gh- pressure water extends the wafer 401. Stress concentration
caused by thexsmdgssi byl sdangingr ebeunezzle 402ndittheupr eseatengf water in
the separation interface 10 of the bonded wafer 401 serve to prevent
cracks and t @#he bondeg m@ferhdOlaf &igho pyeseurend@deEasitl ¢00Phese points
enabl e effective sgparation. For-exanple, when the contact portion
bet ween t he KEIfI&E™s %Brﬁﬂﬂlﬁﬁq £A8 eheozzle dipmaben WA&f@rlaoWmhas a
di anmeter of 3Q nm or nded wafer 401 does not crack and

5 b s 7.

can be separ 8aY on BFEFAYFE 5t 5eFB¥RhTeE ¥R®2bonded

waf er 401 nder the _conditions,of .t nozzl.e hav

di amet er of (fezpafﬁ% A tife FFESER 8% bXO(fql} & %On%%d wafer |
addition, th a t bet ween the hol ders 403 and
404 and the E%hdggﬁﬁle%(H8¥£¥%‘ﬂg?wffgﬁ ie nore firmy the rear surface of
the bonded 's £ BodetisHIRRALCE SRR A Y Wb icRsitse gt er
extends the wafer 401 t ereby preventing crac ring separation.

When the cont@fd HddPRAFRAMNARN HhRE enddle tHY QR AQF ARG 404 ANd the

bonded wafer 401 has a di ameter of 100 mm or nore, the bonded wafer
401 can be act efficiently as an extending force compared with the

16 scanning of the nozzle.

The following effects can be obtained by reducing
the water pressure.

1) The wafer can be separated without destruction.

2) A large number of jets can be simultaneously

15 used due to the increased available capacity of the
pump.

3) The size and weight of the pump can be reduced.

4) A wider range of materials are available for
the pump and piping to allow the apparatus to easily

20 utilize pure water.

5) The sound of the pump and, in particular, of
the jet is reduced to allow sound-proof measures to be
taken easily.

The wafer holding means shown in FIG. 4 holds the

25 wafer by using the holders 403 and 404 to pull the
wafer from both sides, but the wafer may also be held

by pressing it from both sides of the holders 403 and



separated into two without cracks under the conditions |

- 31 - of the nozzle having a dianeter of 0.2 nmmand the

pressure of 400 kgf/cnferr]. If foreign matters such as
particles are sandw ched between _t gy hol der 403 or 404 and the bonded
5 waf er 401, the bonded wafer 401 is no longer held in t he
vertical direction to cause the nozzle 402 to be offset fromits

per pendi cul ar direction toward the top of the bonded wafer 401 to the

| ongi t udi nal 4®4 .| atfer alhis casedi redet idgh-{grerssuref aialbemg atle@cef f ectively hit
the high- 10
waf er 401. Tedyeewsd wWiils edtendimfgadds: dfordesl wafer Héllddéros £33 and 404
that contact the bonded wafer 401 ~can be fornmed with a | arge number
of fine protEpsldngap in themy gng Zdnad ¥ Grapeatgsedhen dinder twe -r educe

the 15
t he supporting ap

pressure fluid against the separation interface in the

effect of possible sandw ched foreign matters. In

Reatsre lieFvnthen aandack rardion betwegngdihes04 is rotated
der 403

to rotate th o] wih it, so | hat slight force is effected
in the rect(;'tcgﬁil‘?’?‘? 403 an%%%ﬁftﬁ ﬁq%}r?qaé"%‘te&pﬁg)g artd t0f%si on may

n 20 t separati.on.sur e til,t.he _bonde fer 401 is

y sepan}oaﬁee%s’ %xnl%a]ﬁ?sthceaéa @nc{e%g o eGrer‘lsé}mftsa ar‘Pg’V% Ve X can be
rotated sync )1 rLEuet ' | e sepglatd on surface.
Thi s net hod irHs1 ( elsb(?réllsbst’e‘%ege"f‘aow é,@{éﬁ-{ﬁ 1£ci{_ebt gfe}f.er 24t_5d1 '_ ea‘%l G 5 shows
anot her separid QhERPAH 3 Yaused by Qﬁ@r&é&éﬂr&l@‘ %ﬂd?lv‘ii'ités@?xré n this

occur i
entirel

figure,

nuner al

and the presence of water in the separation interface

10 of the bonded wafer 401 serve to prevent cracks and to

allow the wafer to be extended easily. These points

enable effective separation. For example, when the

contact portion between the holders 403 and 404 and the

bonded wafer 401 has a diameter of 30 mm or less, the

15 bonded wafer 401 does not crack and can be separated

into two during a single rotation of the bonded wafer

401, under the conditions of the nozzle having a

diameter of 0.2 mm and the pressure of 400 kgf/cm?.

In addition, the larger the contact portion

20 between the holders 403 and 404 and the bonded wafer

401 is,

the more firmly the rear surface of the bonded

wafer 401 is supported when the high-pressure water

extends the wafer 401, thereby preventing cracks during

separation. When the contact portion between the

25 holders 403 and 404 and the bonded wafer 401 has a

diameter of 100 mm or more, the bonded wafer 401 can be

separated into two without cracks under the conditions



204 indicates a wafer horizontal -drive nechanism 205 a

- 32 - wafer carrier, and 206 a wafer transfer arm As shown
inthis figure, the wafer cassette 205 is placed on a cassette stand
207 such that a wafer 201 is arranged in 33y - the horizontal direction.
The wafer 201 is loaded on a 5 wafer supporting stand 204 using a wafer
| oadi ng robot 206. The wafer supporting stand 204 on which the wafer
201 is loaded is transferred to the position of high- pressure jet

nozzl es 202 andl P08 hyzalsuppoing ng diameter of Omo¥ememndrettbani sm such as
a belt conveyor. A high- 10 ressure fluid is jetted against a
separ ati on repfFeasure Of 400ak§£6@89ed potion in the wafer fornmed by

bevel | i ng, t hrough the nozzles 202 and 203 of a fluid jet
apparatus | ocated &8 fpEeigRandEteRs %b?%ranP%ﬁ$b¢les aredjrection

parallel with the bonded interface (surface% in the bonded_ wafer.
In this case, SeRe€vAEhof cRetygen the helgay A3 ?ﬁe4%%nﬂ%% e Porded canned

the o 8" Zg%g?éd%rtrﬂﬁ BapIER BSeE BT Th SenkSBefhcRntgr ¢ % pe?
nozzl es 202 apd, 203, @gxag.edaaésgtfénreg%ggge 88 nozzle adfi fo0peration

enabl es the 0 two at a porous ayer

Al t hough not é?@%t' Brom its %préﬁéi‘bﬂgaraﬁﬁ?wéhéﬂaﬁ'bﬁﬂra0@9& gbgres the
separ at ed wafers as a first and a second substrates

the horizont absj eheNBbhQEa HhA€ewliel ﬂ@eﬂhéolonéﬁtudlﬂﬁlfbﬁeﬂa@éﬂalafter
separation, is unlikely to junp out fromthe wafer supporting stand
204 due to it@iewBtion, thereby failing to effectively hit the high-
10 pressure fluid against the separation interface in the
wafer 401. To prevent this, the surfaces of the
holders 403 and 404 that contact the bonded wafer 401
can be formed with a large number of fine protrusions
to minimize the contact area in order to reduce the
15 effect of possible sandwiched foreign matters.
In the supporting apparatus shown in FIG. 4, the
holder 404 is rotated to rotate the holder 403 with it,
so that a slight force is effected in the direction in
which the rotation is stopped and torsion may occur in
20 the separation surface until the bonded wafer 401 is
entirely separated. In this case, the holders 403 and
404 can be rotated synchronously to prevent torsion in
the separation surface. This method is described below
in detail.
25 FIG. 5 shows another separation apparatus

according to this invention. In this figure, numeral

204 indicates a wafer horizontal-drive mechanism, 205 a



weight. Alternatively, after the wafer has been | oaded

- 33 - on the wafer supporting stand, a junp prevention pin

may be installed on the top of the wafer so as to protrude fromthe
waf er supporting stand 204 to over - dhe wafer or the top of the wafer
may be pressed 5 softly. Furthernore, a plurality of bonded
waf ers may be pl aced and set in the vertical direction relative to
their surfaces, and one separation region of the bonded waf ers may

t hen be separnva®er tdumighr hamd Atfmla wifer tscamfiery.armd wafserstgsn ji g my
subsequently be noved in the vertical direction over a distance
equal to the in this \i@fgure nttere dafier ddsse e e dwl slagadtdrorm regi on of
t he bonded wafer to be separated sequentially through hori zont al
scanni ng si mdagsgtie 3tand 361 supurthatbr wisfer |0k He Forpnwashfiar s.

FIG 6 schematically shows another separation apparat us_according to
this inventidife BRELIRERE directiqiycdittidfatirs s Jaspr?&azq‘%ﬁ A & wat er

s G PR - SLRTIEN & NI ER T R
Stand 1 1 B ke LS MU BESRT IS o, i U, Wf 81
e oneTon S0P EokSla in crp PR Ul 0 SN, e aefgr, from 2
bonded wafer.pldsdiie $8€enotttedOZF Y2 bR a supporting stand
movement mechanism such as a belt conveyor. A high-
10 pressure fluid is jetted against a separation region in
a recessed potion in the wafer formed by bevelling,
through the nozzles 202 and 203 of a fluid jet
apparatus located on the side of the wafer, from a
direction parallel with the bonded interface (surface)
15 in the bonded wafer. In this case, the nozzles are
fixed and the bonded wafer is scanned in the horizontal
direction to receive the high-pressure fluid along the
recessed portion formed by bevelling. One or both of
the nozzles 202 and 203 may be used as required.
20 . This operation enables the wafer to be divided
into two at a porous Si layer. Although not shown in
the drawing, another loading robot stores the separated
wafers as a first and a second substrates.
In the horizontal jet method, the wafer need not
25 be fixed and, after separation, is unlikely to jump out
from the wafer supporting stand 204 due to its own

weight. Alternatively, after the wafer has been loaded



supporting point 303 that allows the nozzle to oscillate
within a plane so as to draw a fan are pl aced I n the sane plane as

t he bonded surface in the wafer. The nozzle is oscillated within the
bonded surface in the wafer to osci44ate the flow of the jet within
this 5 surface. This operation enables the high-pressure jet to
be noved and jetted along the recessed portion or gap in the bonding
portion in the edge of the bonded wafer. This in turn enables the
fluid to be @tttk wafer agpmsttiniM sears@pad ajwih Fogrant Vbt it the need
for a 10 robot that noves the nozzle within the bondi ng surface
accur at el y ormay nos eimetchbied abh ytisonpdp caf echerechéew sso as to for noving
or rotating the bonded wafer. FIG 7 conceptually shows anot her
separation protrajpafmonsthe cortengsuppotiting nvesnd o404 t¥atover anot her
15 met hod for jetting a jet 503 agai nst the periphery of a bonded
waf er 501. THENORIERE VR € h%o‘qOPsogi‘xlé%l ¥yfer may bepprep$edio and a
nozzl e 502 can be rotated around the wafer to allow the jet 503 to
be jettéa aga?%§¥l¥he bondi ng portion all over the edge of the

wafer. The 20 enter of the er |s _held and.a.rai not shown in
t he draw ng) conce ??FQﬁﬁW?ﬁeth%mﬁi?ﬁ?i+gyiﬂgt%??%%d wate S dP0 th; waf er

501, and a j;ﬁé&é W g etQE {‘Hz%ﬂugoggfgi%%lj%J'f%ée.ﬁﬁf'oﬁhxeéﬁ?%&é‘”tQG slid on

the rail to OW T hé agai ns e bondi ng

portion fron1t@éir s@f@gggsfhgn&aéﬁé é@&aration regionFégitﬁesg&&§e§nOther

exanpl e of a separation
wafers may then be separated through horizontal

10 scanning. A wafer set jig may subsequently be moved in
the vertical direction over a distance equal to the
wafer interval to allow the second separation region of
the bonded wafer to be separated sequentially through
horizontal scanning similarly to the first separation

15 of the bqnded wafers.

FIG. 6 schematically shows another separation
apparatus according to this invention. This figure
conceptually shows a nozzle of a water jet apparatus
used in this embodiment and its movement. As shown in

20 FIG. 6, a bonded wafer 301 is held by a holder 310 so
as to stand in the vertical direction. A high-pressure
fluid is jetted against a recessed potion of the wafer
formed by bevelling, through the nozzle 302 of the jet
apparatus located above the wafer, from a direction

25 parallel with the bonding interface (surface) of the
bonded wafer. In this case, the nozzle 302 and a

supporting point 303 that allows the nozzle to



apparatus according to this invention. In this figure,

- 35 - 601 is a first wafer, 602 is a second wafer, 603 is a
bondi ng surface, 604 is a fluid jet, 605 is a direction of a force
applied to the wafer by the fluid jet, qg% reference nuneral 606

I ndi cates an angl e between the 5 fTufd Jet and the bondi ng surface.
According to this enbodi nent, the positions of the nozzle 611 and

hol der 610 are set so that the direction of the jet jetted from

the nozzle Gééci,_@lé{?é'&ﬂ%@iﬁf[aa? @x’i’@'@oaaér@@@raw a f@lﬂxréﬁél;gih&@éal el
with the separation surface in h

waf er .

be held by the ﬁﬁ@aééhé%pﬁﬂﬁé%$ Nthe bond&h Guiradd 1Rernezgd fa£an

di sposed as shown in FlI

waf er .

t he bondi ng surface 603, different pressures are

e wafer

be

can

8 to jet the fluid against the side of the

Th& N6gzibeisebsOD1ated Nelthed the abondgl esarf&66)idhrom 15

applied to the two

waf ers 601 ahde6@2ferntbhesexbbpte the flowhofinthae G wBthanrehdsively

smal | force is applied to the wafer 602 toward which the jet is

i nclined, wheunefsce. Thla PpegREienreeableg pphe caigh-presopposiet waf er
601. 20 When t he | Is inclined at a side opposite to the waf er
i n which porBﬂsbS|mPgeﬂo?ﬁ%dJeBB?guél%Pgth% recesseﬂ1€?6€%9?t9rlayer can
be destroyed easily.. Thu ers _gre desirably installed
such that th@2P 1D th%a?@Pdﬁﬁﬂ EBﬁFé?ﬂslBoFBﬁs obgthe Bonde |G 9 shows

anot her sepapation aRRRLALUSy.  onaBFSQ" €h0Te1Q:ANLS HOVEOLLER- 10 thi's

figure,

10

15

20

25

705

against a wide separation region without the need for a
robot that moves the nozzle within tﬁe bonding surface
accurately or a more mechanically complicated mechanism
for moving or rotating the bonded wafer.

FIG. 7 conceptually shows another separation
apparatus according to this invention, that is, another
method for jetting a jet 503 against the periphery of a
bonded wafer 501. The bonded wafer 501 is fixed by a
holder 510 and a nozzle 502 can be rotated around the
wafer to allow the jet 503 to be jetted against the
bonding portion all over the edge of the wafer. The
center of the wafer is held and a rail (not shown in
the drawing) concentric with the wafer is installed
around the wafer 501, and a jig 512 with the nozzle 502
fixed thereto can be slid on the rail to allow the jet
503 to be jetted against the bonding portion from
around the wafer 501.

FI1IG. 8 shows another example of a separation

apparatus according to this invention. In this figure,



706 are, vertical drive mechanisns for fluid jet

- 36 - appar atus nozzles 702 and 703, 707 is a horizonta

drive mechanismfor a water jet apparatus nozzle 704, and 708 is a
waf er hol der. A shown in FIG 3% the wafer holder 708 is used to
5 hol d both sides of the bonded wafer 1"so as to stand in the
vertical direction. In this case, a side of the waf er havi ng an
orientation flat portion is directed upward. A high-pressure fluid is

jetted againsgsa 1ﬁroug]{1§§ﬁsé§f’ef’0té o gageé&%hg%wéersi%é of med by

10 bevel | i ng, e nozzl es 4" of

plurality of lﬁéz@diﬁ%ssﬁfﬁé@ée Gé@ri?@)alﬁiuf@pféﬁt USES is a dirdcei&y above
or on the side of the wafer, froma direction parallel mnth t he

bondi ng interdace fedebagpplied to thelherdpngedemal eruidhee€onfhguration
of each nozzle 15 is the sane as in FIG 3. |In this case, the

plurality refepént@zalesrd 02606 08nd atdtd4anr englLanbetwadonghgui des

711, 712, and 713 in a direction in which the high- pressure fluid
noves al®ng thbugdpiebrarnd byebeomdinggsurface. Accotrd@indisowklyisthe
bonded wafers are divided into 20 t wo. When only one nozzle
is used, a hlgﬂbgﬂéggnte Fbe positienyuef ethehapzrieshiti epénpoidexseparate
the wafer over stance corresponding to its dianeter. Wen the
pressure i s ofl§ §EPfF§FeﬁP thet bR A ETeREIQR! BE Bheriedsiettad i stance

correspondlng to i radi u wafer be turned upside down
and separ at ed Eaglkﬁsvgpzaie %lf lncfuned at an angle a grog a

direction parallel with the separation surface in the

10 wafer.

The wafer can be held by the apparatus shown in
FIG. 4 and the nozzle can be disposed as shown in FIG.
8 to jet the fluid against the side of the wafer.
Since the jet 604 is inclined at an angle a (606) from

15 the bonding surface 603, different pressures are
applied to the two wafers 601 and 602. In the example
shown in FIG. 8, a relatively small force is applied to
the wafer 602 toward which the jet is inclined, whereas
a larger force is applied to the opposite wafer 601.

20 When the jet is inclined at a side opposite to the
wafer in which porous Si is formed, porous Si or a
microcavity layer can be destroyed easily. Thus, the
bonded wafers are desirably installed such that the
wafer 601 contains porous Si.

25 FIG. 9 shows another separation apparatus
according to this invention. 1In this figure, 705 and

706 are vertical drive mechanisms for fluid jet



di stance corresponding to its radius. The plurality. of

- 37 - nozzl es can be used to allow each nozzle to separate

.the wafer only over a distance corresponding to its radi us, and the
need to jet the high-pressure fluid agai nst the wafer again after
turning it upside down is 5 onitted; 3hd the overall surface of the

waf er can be separated during a single step. FI GS. 10A and
10B show anot her separation apparatus according to this invention. In

10U e apparariOhd s hondsss \RLETRAS ALUPPISRIRGY, 802 15 a 10

nozzle for aTiuid jet, s a fluid.” "'Ahi Fessure pure

water is jetied, gﬁé'wt n&@%égfﬁﬁget %ﬂaégt e bRye! 1 ng,

t hrough the nozz ope gs o e et apparatus

| ocat ed abovgng 708 1i9ra Whidie dde©f the wafer, froma direction parallel
15 with the bonding interface (surface) in the bonded waf er while

al | owi ng the bondgdsw@herid oFsd andl, the wafeF pesIhicn|Ard Yid auddie dpl der
811, as shown in FIGS. 10A and 10B. The slit is located parallel

with the hold hodmeh NngH dew esf aite (Sandad eyafar thEL anded wafserarand 20
positioned so that a linear flow of water is jetted accurately

agai nst the fapthe véetiwderdixecietbhy In thidbewvadd, rg.sillelaf athg y of
nozzl es are scanned in a - direction in which the high-pressure fluid
noves al ong Wafer hawingagn ferirptalirvelat eprtion is direqypd need to

scan the nozzle is onmitted by increasing the length of the slit
above the di%pP¥aEd- of2 high-pressure fluid is jetted agdinst a

recessed potion or gap in the wafer 701 formed by
10 bevelling, through the nozzles 702, 703, and 704 of the
plurality of {(in this example, three) jet apparatuses
located above or on the side of the wafer, from a
direction parallel with the bonding interface (surface)
in the bonded wafer. The configuration of each nozzle
15 is the same as in FIG. 3. 1In this case, the plurality
of nozzles 702, 703, and 704 are scanned along guides
711, 712, and 713 in a direction in which the high-
pressure fluid moves along the gap formed by bevelling.
In this way, the bonded wafers are divided into
20 two.
When only one nozzle is used, a high pressure is
required that is sufficient to separate the wafer over
a distance corresponding to its diameter. When the
pressure is only sufficient to separate the wafer over
25 a distance corresponding to its radius, the wafer must
be turned upside down and separated again over a

distance corresponding to its radius. The plurality of



the wafer. - 38 - The
effect of this slit-like nozzle is that the waf er can be divided
under a |lower pressure than with a single nozzle of a very snall

di aneter. Despite the | ow pressure, by increasing the area from which
the 5 hi gh-pressure fluid is jetted,’t~°h'7e energy used to separate
the wafer can be increased to enable it to be di vided easily.

Not only a nozzle having a slit-1ike opening but also a plurality of

nozzl es 1202 placed. clgoely (dhd cd 1ol 08 bl & {4 UL AALS! 2

i
bonded waf er S can be used IS i nvention

to D! B £t W TP 2 R SER0GE AWRIGonZl €0 s NV Cal €5 3

o
waf er hol der. 12 shows anot her separation apparatus 15

according to fddsuds NVeRd i eile W& €8N diseride PRl ptdssure £1@fajets to
separate a plurality of wafers at the sanme time. In a basic

configurati onagdihde appar@fers agdain afterfr| €urdihg cooponeids ddwilog to
those in FIG 3 are i nstall ed i ndependently. A wafer 100la is set on
a 20 5hol detid085a. and\ theghopeesklreuffatal ¢t ties wabHer acan be nozzle
1002a hits against a bevelled portion of the waf er 100l1a. The nozzle
1002a can be sepadated aduring adéimgle ostgger pendi cul ar to the sheet of the
drawi ng by a horizontal - novenent mechani sm 1004a while jetting the
25 hi gh- pr essurBI&$ ui H0AgrirdistOB hehgjevandeheporepraration simlar

operation can be perfornmed by the apparatus in . . .
apparatus according to this invention. In this figure,

801 is bonded wafers as a composite member, 802 is a

10 nozzle for a fluid jet, and 803 is a fluid. A high-
pressure pure water is jetted against a gap in the
wafer formed by bevelling, through the nozzle with
slit-like openings of the jet apparatus located above
or on the side of the wafer, from a direction parallel

15 with the bonding interface (surface) in the bonded
wafer while allowing the bonded wafer to stand
perpendicularly to the holder 811, as shown in FIGS.
10A and 10B. The slit is located parallel with the
bonding interface (surface) in the bonded wafer and

20 positioned so that a linear flow of water is jetted
accurately against the gap in the wafer formed by
bevelling. A plurality of nozzles are scanned in a
direction in which the high-pressure fluid moves along
the gap formed by bevelling.

25 The need to scan the nozzle is omitted by
increasing the length of the slit above the diameter of

the wafer.



the right of the figure having a nozzle 1002b, a

- 39 - hori zont al - novenent nechani sm 1004b, and a hol der

1005b. This configuration doubl es the throughput. Al t hough this
figure shows two sets of the jet aQParatus, three or nore of such
apparatuses may be 5 I nstal |l ed. - 38 - I n addition, when the

hi gh- pressure punp does not have a | arge capacity, the right wafer
can be changed while the left high-pressure fluid is being jetted,

and vice verga, Jhis.d euiness ol o ons seloof 2 Joadalcagd 10 an

unl oader robots. SHows "anot her 'separ ati on appar at us

accor di ng to1 %&i@g&qﬁéo&\;{h i&tbd}@f§rf%%\%agi1€ressure tHakP I el L0 1c,

1101d, and 1 e are set on a wafer g nmeans 1105. A plurality

of nozzles 11028:10 nd2z1e JEAR& &S ddsialdthdted. saledif AOZ@le nOVenent
nmechani sns 1103 and 1104. The nozzle interval is the same as the

waf er fixati ofod NbLEyahre They NOAEHEWsing the NBESANE SHM awtth dlozghe NMOVenent
nmethod are simlar to those in FIG 3. 20 By using the

central mxis wigkasheyefies £Dlid is jettédgnmemt , ehdegy i wsedeters are each
fixed between the hol ders 1115a and 1115b, between the hol ders 1115b
and li1dépardee weea watehotaerise lirdcSreameld 11d Sehalhbe weente ke

hol ders 1115d and 1115e, or between the hol ders 1115e 25 and 1115f, al
of which can #bvided eagilvle 1114 in the hori zontal direction.

Not only a nozzle having a slit-like opening but
also a plurality of nozzles 1202 placed closely in a
10 line to jet a fluid against a bonded wafer 1201 as
shown in FIG. 11 can be psed for this invention to
obtain similar results. Reference numeral 1211
indicates a wafer holder.
FIG. 12 shows another separation apparatus
15 according to this invention which can use a plurality
of jets to separate a plurality of wafers at the same
time. 1In a basic configuration of the apparatus in
FIG. 12, components similar to those in F1G. 3 are
installed independently. A wafer 100la is set on a
20 holder 1005a. A high-pressure fluid jetted from a
nozzle 1002a hits against a bevelled portion of the
wafer 100la. The nozzle 1002a can be moved in a
direction perpendicular to the sheet of the drawing by
a horizontal-movement mechanism 1004a while jetting the
25 high-pressure fluid against the bevelled portion. A
similar operation can be performed by the apparatus in

the right of the figure having a nozzle 1002b, a



A novabl e supply pipe 1112 acting as both a common

- 40 fluid supply-pi pe and a nozzl e verti cal - novenent
nechanlsn1|s connected to the five nozzles 1102a to 1102e via a

di stributor 1113. After the amgunt and pressure of fluid jetted
from 5 each nozzl e have been st abi | i Zed%t a nozzle st andby

position, all nozzles 1102a to 1102e are noved al ong the guide 1111
to a wafer separation position and then further advance along the

gui de 1111 to arate the

has been fInIS & qﬂ%? ﬁﬁﬁﬁpent W%cgpﬁagptggoﬁpﬁlgnﬁgnfé &ggasgfa{ﬁélon
|0 S AR L0 wnte ool BN GRS k" THBLARMRY S| Li ons.

In the apparatuses sh on can be

carried out byaieidgh #he it g-ﬁ,owswwoeswsawfn@hbhget&ol ders for the

wafers to rotate the 14 and 15 are a top
and a side Vi ep=3hAWdd three ord mdRHRALH |s%%lﬁlé®%h&tabt$1sfe@r mAyC @Rposi te

menber used for this invention. 20 Thi s separation
appar at us has imgtaiigiddain synchroni zati on nechani sm and can rotate a
first hol der for holding a first surface of the conposite nenber and
a second hol der forirhcdd#iirtg com,sedend ther fregh-giradsaire pump doriso sictte
menber, at the same angul ar speed in the same 25 di rection.

have a large capacity, the right wafer can be changed
while the left high-pressure fluid is being jetted, and
vice versa. This requires only one set of a loader and

10 an unloader robots.

FI1IG. 13 shows another separation apparatus
according to this invention in which wafers 110la,
1101b, 110lc, 11014, and 110le are set on a wafer
holding means 1105. A plurality of nozzles 1102a to

15 1102e are installed in a set of nozzle movement
mechanisms 1103 and 1104. The nozzle interval is the
same as the wafer fixation interval. The holding
mechanism and nozzle movement method are similar to
those in FIG. 3.

20 By using the central axis of each wafer for
alignment, the five wafers are each fixed between the
holders 1115a and 1115b, between the holders 1115b and
1115¢c, between the holders 1115c and 11154, between the
holders 11154 and 1115e, or between the holders 1ll5e

25 and 1115f, all of which can move on a guide 1114 in the
horizontal direction.

A movable supply pipe 1112 acting as both a common



When a yotational drive force is applied to only one surface of the
conposite nmenber or synchronization

- 41 - such as that described above is not provided, the

fol o ng phenonmenon is likely to occur. | medi ately before a
wafer that is a conposite menber |s4@orrpl etely separated over the
entire wafer, 5 there is a nonent at which a very snmall region, which
is finally separated renains unsepar at ed sonemhere on t he separation
surface. . The f I%\r/]\n WO _separati on ?_ be ass rred dependi ng
on a position PLY PIPE, FPng) Inolﬁ%?pé'lggt é&a e§i g™ A

first mde [ BAa36 il 1A ERAERS RO S ve o zzlegglﬁg)zre 3 ns al most

at the center separ at ace an a secon € is a case

in which it regyMs via dlé%f&%u%r§3195@er than the center. FIG 16
conceptual ly J'h t hese nodes. The first node occurs if

separation progres$§ser the atdub® End fprx@@stu&% S GURiRr §RE& R g waf er
t oward its center or if the strength of the vicinity of the

center ofs t he csrparidzlR Sdkiead@ens SUa@llilded ktS a nozzleCaIdnddy a
rotational drive force is applied to only 20 one of the holders 21 of
one side of thessafiem, tdlils nozzles rldiddta g ddlRes aidee mosreyd siiming
unseparated region to be tw sted of f and separat ed. The
second separ attiften gwidle dddur 4 fa diafery sgp@ration posiitbign sngp Werf | ui d
jetting, a crack extends over the 25 radi us of the wafer or |onger from
a certain further advance along the guide 1111 to separate the
wafers.
10 Once the separation has been finished, the amount
of jetted fluid is reduced or the jetting is stopped to
return the nozzles to their standby positions.
In the apparatuses shown in FIGS. 10A to 13,
separation can be carried out by jetting the fluid
15 while rotating the holders for the wafers to rotate the
wafers.
FIGS. 14 and 15 are a top and a side views showing
a separation apparatus for a composite member used for
this invention.
20 This separation apparatus has a rotation
synchronization mechanism and can rotate a first holder
for holding a first surface of the composite member and
a second holder for holding a second surface of the
composite member, at the same angular speed in the same
25 direction.

When a rotational drive force is applied to only

one surface of the composite member or synchronization



circunferential portion resulting in quick separation or if the
strength of areas other than the vicinity of

- 42 - the center of the separation surface is high. In this
case, if a rotational drive force is applied to only one of the

hol ders 21 of one side of the wafer, thrs4l - rotation causes sharing
stress, thereby causing the 5 very smal | unseparated region to be
separ at ed. This is because the opposite holder 22 is

subj ected to no independent. drive force and is onl . rotated through
the wafer, caf¥ffig3§ & §h9e§8F&§egoa gve 1s n°§f?%8¥éaepn P8irection in
which the rotati.on _of th 10 ol.der, .22.i s st ed even if softly the
hol der 22 is %OIQOWngIE ?Ogegggrﬁ%g}l%ely €3 888u§uch torsion or shear

causes conpl i cat ed {38 delly pesorelh! GRIELANTHANGS LNARLAG, yerti cal one

to be applied to paration surtace, resulting he unwant ed

15 separ at an@l: a1 %roﬁ@l%tt@?tg %}%Iﬁl%erta%%,ds BRAALhANentire witklace.

Thus, when the wafer I's separate el ng rotated and i'f the

waf er issrot atdh@Rdl i & iR BROWhich a vedhl aWend Rabhosl dgsieh it to
synchroni ze nutual ly, 20 separation may occur froma surface other than

a desi ned fSeRANyt isepasarkdce remalihe Wkepaghtad aehewBere on | ayer
may be danaged. These phenonena may significantly reduce the yield.
A not or supporthe3Geparasippo suirfgce .noThe ID1flloating two separation

modes can be assumed depending on a position of this

very small unseparated region.

10 A first mode is a case in which the unseparated
region remains almost at the center of the separation
surface and a second mode is a case in which it remains
in an area other than the center. FIG. 16 conceptually
shows these modes.

15 The first mode occurs if separation progresses
uniformly from the circumference of the wafer toward
its center or if the strength of the vicinity of the
center of the separation surface is high. In this
case, if a rotational drive force is applied to only

20 one of the holders 21 of one side of the wafer, this
rotation causes the very small unseparated region to be
twisted off and separated.

The second separation mode occurs if during the
initial step of fluid jetting, a crack extends over the

25 radius of the wafer or longer from a certain
circumferential portion resulting in quick separation

or if the strength of areas other than the vicinity of



25 can control the speed and a pair of shaft supports 37 and 38

for rotatably supporting a notor shaft 31 are fi xed on a supporting
stand 40. -43-

Furthernore, a first holder support 33 for rotatably supporting the
hol der 21 and a second hol der suppd4 34 for rotatably supporting
the hol der 22 are fi xed on the supporting stand 40. 5 A
timng pulley 29 nounted on the notor shaft 31 and a timng pulley
25 mounted at the rear end. of a r ot ating

shaft .23 .of the hoJ der 21
are connected th€ €1 %’be?%e?hel nseﬁj%ﬂa%l%ysua% T ot dtn ¢ tg?ﬁ%
direction by Ea; o] t.J ol ng: ' . . |- Kews s timng
E?e bﬁifﬁ%:ﬁ %#£$H§l &;%;%ﬂ ngﬁeﬁﬁj%ééf&éﬁ = 'E§ 26

pul l ey 30 nou no I'M ng pu

mounted at the,feabs etk nolder®f2 P IO NG &DalE e Q,?a%&e, hglder 22 are

connect ed together 1n such a way as to rotate I n the sane

direction by nEsfstfdn acdidBd G ingdS&trdds, therebyl %Mﬁ%yﬁue% and 26
have the sane driving radi us, and the pulleys 29 and 30 have the
same drivng very shi&Uli Usnseparated regiihie to begsdipitstdd. and 28 are the
sane. A drive force fromthe notor 32 is transmtted 20
fromthe shaft 31 tThideiddamrnss? ltlanbRosdee thelder 22 jml | eys and belts
in order to rotate the holders 21 and 22 at the sane angul ar speed

in the same diswei¢oredi th no indeperdempedrtive nfprce and is ondln FI G 15,
60 is a jet nozzle that jets a fluid
rotated through the wafer, causing a slight force to be
effected in a direction in which the rotation of the

10 holder 22 is stopped even if softly the holder 22 is
held by a bearing.

Such torsion or shear causes complicated forces in
directions other than the wvertical one to be applied to
the separation surface, resulting in the unwanted

15 separation of an area other than the separation
surface.

Thus, when the wafer is separated while being
rotated and if the wafer is rotationally driven without
allowing both sides of it to synchronize mutually,

20 separation may occur from a surface other than a
desired separation surface or the wafer or an active
layer may be damaged. These phenomena may
significantly reduce the yield.

A motor support 36 for supporting a motor 32 that

25 can control the speed and a pair of shaft supports 37

and 38 for rotatably supporting a motor shaft 31 are

fixed on a supporting stand 40.



25 and 61 is a shutter. For clarity, the illustration of t he

nozzl e and shutter are sinplified. The nozzle 60 is fixed on
t he supporting stand 40 -44-
using a fixation jig (not shown), and a wafer posi ti oni ng nmenber 35
is provided on the supporting stand 4D -so as to be aligned with the
nozzl e 60. FIG 17 is a partially sectional view of the 5

hol der of the separation apparatus before it holds the waf er 20.

The hol der 21 or 22.is .an assenbly of a hol ding section 45a or 46a
that actually sucks ¥nd*S7iYL-a @ Tirst pglder Sunont &3 &%t ion 45b or 46b

that rotates t hol di na sect.i.on .4 or 46a together with the
rotating s%%zf%l%fuoprp 4;lnaﬁ1dtrbeetré%t e 2L R Geopnd hpider

UoLN9,2 Labe MRk 9 SBULIER ANy MBI cing ond AN B PLEosuT ] 21 N0

passage 56, the holding section can ve agal

spring (a coilfisddy on StHd ibordihd KL KEtdPn in which it |eaves the
rotating shaft 23 (rightvvardﬁl:t J'egfi gure .46)' An opening op is

provi ded sear the cenimiidf gdlley 29 mdRlld®sad Wb4Ra ANt S

in
comuni cation with a pressure reduci ng passage 55 in the ro]t ating

shaft. 20  ddel ng wimacypuiiep 9otosham)at Reciad hd g &
opening op via a pressure reducing tube 51, vacuumis drawn into the

openi ng op to Tathlting ehaftEPphed ithe holdeiprds Hiee .connected The
hol der 21 or 22 is noved forward (rightward in
together in such a way as to rotate in the same
direction by means of a timing belt 27.

10 Likewise, a timing pulley 30 mounted on the motor
shaft 31 and a timing pulley 26 mounted at the rear end
of a rotating shaft 24 of the holder 22 are connected
together in such a way as to rotate in the same
direction by means of a timing belt 28.

15 The pulleys 25 and 26 have the same driving
radius, and the pulleys 29 and 30 have the same driving
radius.

The timing belts 27 and 28 are the same.
A drive force from the motor 32 is transmitted

20 from the shaft 31 to the holders 21 and 22 via the
pulleys and belts in order to rotate the holders 21 and
22 at the same angular speed in the same direction with
the same timing.

In FIG. 15, 60 is a jet nozzle that jets a fluid

25 and 61 is a shutter. For clarity, the illustration of

the nozzle and shutter are simplified.

The nozzle 60 is fixed on the supporting stand 40



25 the figure) by having its hol der section 45a that directly
sucks the wafer, guided by the rotating shaft 23, as shown in FIG
17, and using the pressure of air -
45 - i ntroduced fromthe pressurizing tube 52. The hol der 21
or 22 is noved backward (leftward in the fdgure) by t he conpression
spring 47. The hol ding section 4b5a rotates wth the rotating shaft 23
using the detents 41 5 and 42. Basically, the holder 22 is specularly

symmetrical with the hol der. 21 and has the sane chanismas it. To
al | ow t he bond&d e %Q‘é‘r? <419 (nﬁ%iquhé’w 't 8%k " REYE set at specified

posi tions whe :a o the I i it d_and hel.d on the 10
hol der 22, prf}sossulrtelqnslm(%ﬁloer%%%q‘e:?%jae&f g%joﬁéld(eé?sog Bﬂ’% e por%éngt ronger
force is appligd thaRde® with e | der during a
forward oper atslq;gdn,&)vﬁqfséygisdq!o %jest roglgrfer fwolr cetlthga g%%lzﬁ(%d 6t%§ t he hol der 22

than to the helgler 24 Juy igg-18 NAGK RS 10RRIALIQ, ofl%he | The
usage of this apparatus, that 1S, the nethod for separating a

conposi t & Neneyl RGE B igie tdegdiistion appdriMeiY iHdFdre desediked 4l ow. The
bonded wafer 20 is set so as to fit on a notch in a positioning
stand 35, wafeas Zhown in FIG 17. Pressurized air is then 20

i ntroduced to cause the hol ding section 45a to advance, t her eby

al |l owi ng t he hol derTig] haldacklland 23 d < ey assemblyafodt 2 d®listiogn in FIG
18. The holder 21 can fit the bonded wafer 20 on the notch in the
posi tioni ng stsartion 45a 37 t4Pahdinpt Retuaitler sickshansomgddisvaf er 20. Waen

t he.
wafer; a fixation section 45b or 46b that rotates the

10 holding section 45a or 46a together with the rotating

shaft 23 or 24; and detents 41 and 42 or 43 and 44.
Using a tube 52 and a pressurized gas passed
through a pressurizing passage 56, the holding section

45a can move against a compression spring (a coil

15 spring 47) in a direction in which it leaves the
rotating shaft 23 (rightward in the figure).

An opening op is provided near the center of the
holding section 45a and is in communication with a
pressure reducing passage 55 in the rotating shaft.

20 Using a vacuum pump (not shown) connected to the
opening op via a pressure reducing tube 51, vacuum is
drawn into the opening op to reduce the atmospheric
pressure.

The holder 21 or 22 is moved forward (rightward in

25 the figure) by having its holder section 45a that
directly sucks the wafer, guided by the rotating shaft

23, as shown in FIG. 17, and using the pressure of air



25 bonded wafer 20 is held in an accurate position, the nozzl e 60

is |ocated perpendicularly to the top of the bonded wafer 20 and the
di stance between the bonded - - 46 -
wafer 20 and the nozzle 60 is 10 to 30 . The hol di ng section 46a of
the holder 22 is noved forward (|l eftward in the figure) to suck and
hol d t he bonded wafer 20, and the feeding of pressurized air of the

holding 5 section 46a is stopped. The bonded wafer 20 is stopped
due to a foraavtadduted iinaite igrddiirfi e tMYeC5AS The holder

conmbi nation of a force effected by the conpression spring and a
vacuum suct i @1 for @2 ihendwd exfifwniced leftwardyir Rthec IR ASS) @Y SPri ng
does not exceed the force 10 required by the holding section 46a to
suck the bondgd compressafer FrirgDp 4he VEeuUmidEsty wegtgomofdSahe | nsi de of
the pressure reduci ng passage 55 or 57 does not occur, which may in
turn elim natetdes ittt matatyinehatt 23 usipg idferdsdents 4l 1. 15
Afluid is then fed froma punp 62 to the nozzle 60 for a specified
period of ti @31 tBrsigtish the holdep £% S %tsRRFUIATEY Once the fluid
has been stabilized, the shutter 61 is opened to jet the high-
pressure fl uiSEIFRIFRE YR T6p BRASs 1Y Rpd Aps tttehi%ﬂl‘?ﬁess- wi se center

32 18 rot a e aRRLSR a5 ot o The s Fondelt ST Fhin cmin
oL o s AR B Y 4 00 BB
the bonded wafer 20 is positioned and held on the

10 holder 22, pressure is controlled and adjusted so that
a stronger force is applied to the holder 21 than to
the holder 22 during a forward operation, while a
stronger force is applied to the holder 22 than to the
holder 21 during a backward operation.

15 The usage of this apparatus, that is, the method
for separating a composite member according to this
invention is described below. The bonded wafer 20 is
set so as to fit on a notch in a positioning stand 35,
as shown in FIG. 17. Pressurized air is then

20 introduced to cause the holding section 45a to advance,
thereby allowing the holder 21 to suck and hold the
wafer, as shown in FIG. 18. The holder 21 can fit the
bonded wafer 20 on the notch in the positioning stand
35 to hold the center of the bonded wafer 20. When the

25 bonded wafer 20 is held in an accurate position, the
nozzle 60 is located perpendicularly to the top of the

bonded wafer 20 and the distance between the bonded



25 20, the high-pressure fluid also enters the separation regi on
to extend the bonded wafer 20, thereby finally separating it into

t wo. - 47 - Since the
high-pressure fluid is applied uniformy 4¢ _ against the bonded wafer 20
and the holders 21 and 22 each apply a force in a direction in which
t he bonded wafer 20 is drawn, as descri bed above, separated pieces 5
further | eave each other and are prevented from sl i ding. '

I'n addition, ddfdheoad@l sHEPORYAANG arans how 30 mm. iThdIHe3.qaikhg to 20,
the wafer is supported whil e being subjected to a force by the

hol ders 21 amzk@2iom £6a ¥ thalileEcidRd nisvhicsled MaohaderQ amwaddackwar d
fromthe waf er, but the holders 21 and 22 may effect a force in

a forward di rigctihen Giglhintd) stpragdurandeholpe thsedamgied wafdwlad,t he wafer.
In this case, the high-pressure fluid al so advances whil e extendi ng
t he bonded we’d Ywetfeeding of emesyuniagd aiap of Hdrete¥dimg |y causing
t he waf er to be separated into two. In_this method, if the

hol ders 21 artPPBieR A RIS e Mt drended mater 20 s wfiarpashr f aces

of the separated pieces damge each . ther,_due_to sliding, whereas if
the hol ders r ‘f%tgoiﬁ e g%mr’b‘rﬁ%?ﬂa e %cq}{ﬁes.wq“lfg}tlt‘ﬁarnore,

wh f | i i di i i i.ch the hol d 21
8 e ST RIBALTE A R AR TR ARt 2
separ ati on by the Holgers Aol Sl force. | MRIE dRLEWHIeAEL 1 erence

in the anount
by the compression spring does not exceed the force

10 required by the holding section 46a to suck the bonded
wafer 20, so the vacuum destruction of the inside of
the pressure reducing passage 55 or 57 does not occur,
which may in turn eliminate the suction force to cause
the wafer 20 to fall.

15 A fluid is then fed from a pump 62 to the nozzle
60 for a specified period of time until the jetted
fluid is stabilized. Once the fluid has been
stabilized, the shutter 61 is opened to jet the high-
pressure fluid from the nozzle 60 against the

20 thickness-wise center of the bonded wafer 20. At this
point, the speed controller motor 32 is rotated to
rotate the holders 21 and 22 in synchronism in order to
rotate the wafer 20. By jetting the high-pressure
fluid against the thickness-wise center of the wafer

25 20, the high-pressure fluid also enters the separation
region to extend the bonded wafer 20, thereby finally

separating it into two.



25 di spl acenment between a separated portion and an unsepar at ed
portion to unbal ance the bonded wafer 20, t hereby causing a crack
when the high-pressure fluid is - 48
- jetted. If, however, a force i pplied to the hol ders 21
and 22 in a direction in which they nove Torward, t he bonded wafer 20
w Il maintain balance to enable the wafer to be separated stably. 5
A high- or atnospheric-pressure fluid can be i nj ected agai nst the

entirely separ at edsmifeertHe fdreGiressure T ad Rpbidid®aidiFbdm pvhi ch it
noves backward in order to break the surface tension of intervening

wat er, ther elygsapat aghid pdridddituia fewd aiettley holders 21 anddxlescri bed
above, the separation apparatus according to this invention
sequenti al | y emch apply s Midrameous \disegsriaire sironehierh ndree beordeasi t e
menber s using a fluid. The conposite nenbers may be | uxtaposed

i n the nor malvalferdd ors cirawre AF fERICObdd v | depapmtedyinieadse
surface. Al ternatively, the conposite nmenbers may be

rotated dr nOVEEERRE aeave RGP (MU AL &4 BRIV from the fluid, or
the flow of the fluid my be noved parallel with the surface so as
to hit agains?l% 920 sides of the conposite nenbers, or the conposite

nb d fluid . dt t her. | 1 On
Por ous | ayer and AL it il Vater suppdn B wRaRs, 9 {ype)

single CryStainE%IGS. 17 to 20, the wafer is supported while being

subjected to a force by the holders 21 and 22 in a

10 direction in which the holders move backward from the
wafer, but the holders 21 and 22 may effect a force in
a forward direction and this pressure may be used to
hold the wafer. In this case, the high-pressure fluid
also advances while extending the bonded wafer 20 to

15 create a small gap, thereby finally causing the wafer
to-be separated into two. In this method, if the
holders 21 and 22 do not synchronize mutually, the
bonding surfaces of the separated pieces damage each
other due to sliding, whereas if the holders rotate in

20 synchronism, no damage occurs. Furthermore, when a
force is applied in a direction in which the holders 21
and 22 move backward, the wafer 20 is pulled to move
backward during separation by the holders 21 and 22 and
there may occur a difference in the amount of

25 displacement between a separated portion and an
unseparated portion to unbalance the bonded wafer 20,

thereby causing a crack when the high-pressure fluid is



25 substrate having a resistivity of 0.01 [err] cmwas pl aced I n

an HF solution for anodization. The anodi zation conditions are

i sted bel ow. - 49 -

Current density: 7 (mA crr[ err]) _A%%di_zation solution: HF: Herr]O
Cerr]JHerr]OH=1: 1 Ti me ~(m nute) Thi ckness of the
porous Si | ayer: 12 ([err]n) 5 The porous Si |ayer is also used as
a separation layer to forma high-quality epitaxial Si |ayer, that

is, a single ;RAUE Sizd a¥RkeReVi desoPddl iR %(g:phed thURGkl PBiders
The t hi ckness of the porous Si |ayer is not limted to the above

val ue but maypibedetean & hidkdtion in SAMIAIHMNGHRE BFBrward,
This substrate was oxidized in an oxygen at nosphere at 400[err]C for

one hour. ThelexigdrgRid &afer 20 wddusechim@inmmelasld tef ehha®1pores i n the
porous Si 15 | ayer to be covered with a thermally oxidized film

The surface ofafidre fporeusefarabpdsy stabliyr.eated Wi th hydr of | uori c
acid to renove only the oxidized filmon the surface of the porous
Si layerS while | ed\/lh?gﬂ‘t-h@r atmospherdicrargsgunsorf inid aameenal | of the
pores, and the CVvD was then used to allow single crystal Si to
epitaxially g‘rwcﬁiﬁd) gAY hheh e 5590 BeRgrat@feWatpre to effeqdowt h
((:;(;2 d:c ][ IO\(,)anata réae |%§gdp% Orﬁlvlﬁectlon 1%Olghcl%hg6}15t m%vH serba]cgalaer [ ] ! H[ err]

order to break the surface tension of intervening
water, thereby separating it into two completely.

10 As described above, the separation apparatus
according to this invention sequentially or
simultaneously separates one or more composite members
using a fluid. The composite members may be juxtaposed
in the normal direction of the surface or in parallel

15 with the surface.

Alternatively, the composite members may be
rotated or moved parallel with the surface to receive
the fluid, or the flow of the fluid may be moved
parallel with the surface so as to hit against the

20 sides of the composite members, or the composite
members and fluid may be moved together.

{Example 1)
(One porous layer and nozzle scanniné)

A first P~type (or N-type) single crystal Si

25 substrate having a resistivity of 0.0l Q'cm was placed
in an HF solution for anodization. The anodization

conditions are listed below.



25 Gas pressure: 80 Torr Tenperature: 950[err]C G owt h
speed: 0.3 [err]m mn. : B - 50 -
Furthernore, a 200 nmthick oxide film(an Si Q2 | ayer) was formed on
the epitaxial Si l|ayer as an insylating |ayer, using thernal

oxi dat i on. The surface of a Separately prepared second Si 5
substrate was placed on the surface of the SIQ2 |ayer to cont act
them mutual ly. Thesé substrates were then subjected to thermal

treat nent atcukh@HerdddefF: 7 Yea- cm?) minutes for bonding. To
separate the bonded substrate fornmed in this 10 manner using the

appar at us showdizathldn shldtiich:barted,0: Cc,H,omafenn was supported from both
sides by the wafer hol ders so as to stand perpendicularly. An
abrasive- Time: nit emialuttalee and hi gh-pressure pure water was jetted

at 2,000 kgf/cnferr] froma 0.15-mm nozzle of a water jet 15 appar at us
| ocat ed abovBhidknesd erf dthe murausgy . ilevers 12 (umMwafer fornmed by
bevelling, froma direction parallel wi th a bonding interface
(surface) in the Bohdraid &1 layver isy ey |uSathrds chtS8PEHd € echani sm
was used to scan the nozzle in a direction in which th

hi gh- pr essur®YS to iR HRtiPHRAE W GRS Yap c}rarﬁﬁf'bf%@&/
In this case en an elgstaner 106 (e.g., Viton. fluoro

rubber, or sTi4 O} %éﬁr%a%sguag%t § Fpitiele whi ch the

waf er and hoé(ggéti:&gé_act each other, the

el ling.

The thickness of the porous Si layer is not
10 limited to the above value but may be between 0.1 and
several hundred um.

This substrate was oxidized in an oxygen
atmosphere at 400°C for one hour. The oxidization
caused the inner wall of the pores in the porous Si

15 layer to be covered with a thermally oxidized film.
The surface of the porous Si layer was treated with
hydrofluoric acid to remove only the oxidized film on
the surface of the porous Si layer while leaving the
oxidized film on the inner wall of the pores, and the

20 CVD was then used to allow single crystal Si to
epitaxially grow by 0.3 uym on the porous S$i layer. The
growth conditions are listed below.

Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min.

25 Gas pressure: B0 Torr

Temperature: 950°C

Growth speed: 0.3 pm/min.



waf er could be opened in the vertical direction 25 relative to its
surface to allow the high-pressure water to enter that part of the
porous Si |ayer which was sandw ched by the wafer hol ders, thereby
enabl i ng - 50 - - 51 - the wafer
to be separated. As a result, the SiJerr] layer, the epitaxial
Si | ayer, and part of the porous Si |ayer which were
originally fornmed on the surface of the first substrate 5 were
transferred to theusebemtozehsar a06. nmOghyckhexide filmeQahnsng,part of the
porous Si |ayer renmained on the surface of the first substrate.
Subsequent | ylavhe Jpgrsusosnetaper theanplitaredlt 81 layer theasecond
substrate was selectively etched by being 10 stirred using a m xture of
49% hydr of | ubPPElagingapdyer, usipgogheamagenxpdadipde sol ution. The single
crystal Si | ayer remai ned without being etched, whereas the porous
Si layer was enti F8PySHEkBFEJCEyasEPRRFAYELE PEERgTed secopdi g the single
as_an etch_sto The speed at

crystal _Si |ayer 15 mat eri al . .
whi ch a5nonp8¥gﬁ§rgfesﬁﬁﬁl818P§§t8P the surfacg: pfiedPBySiRe LAY P

| uti [ I d th | ective ratio of this etching speed
2nd the et chiagtact endlmidlan iy, TBRsRe SHkSsFared: PersorBeR) “or mor 6.

Thus. 1he 2Qun; Butk Ok LG.C! ED0RGLI AR 94 hle BgaPRigus | aver

(about several ns of correspo B?actically

negligi bl e r pduelkian el bRAGLAKCKkNess. The single crystal S
| ayer- of 0.2 [err]mthickness

To separate the bonded substrate formed in this

i0 manner using the apparatus shown in FIG. 3, this bonded
wafer was supported from both sides by the wafer
holders so as to stand perpendicularly. An abrasive-
material-free and high-pressure pure water was jetted
at 2,000 kgf/cm® from a 0.15-mm nozzle of a water jet

15 apparatus located above the wafer against a gap in the
wafer formed by bevelling, from a direction parallel
with a bonding interface (surface) in the bonded wafer.
A nozzle horizontal drive mechanism was used to scan
the nozzle in a direction in which the high-pressure

20 pure water moved along the gap formed by bevelling. 1In
this case, when an elastomer 106 (e.g., Viton, fluoro
rubber, or silicone rubber) was used in the portion in
which the wafer and holder contact each other, the
wafer could be opened in the vertical direction

25 relative to its surface to allow the high-pressure
water to enter that part of the porous Si layer which

was sandwiched by the wafer holders, thereby enabling



was formed on the Si oxide film The single crystal Si 25 | ayer was not
af fected by the selective etching of the porous Si | ayer. Wen 100
poi nts of the overall surface of the single crystal Si |ayer forned
wer e - 51 -7 92 - measur ed for

t hi ckness, the val ue obtai ned was 201 nn1Ferr] 4 nm An
observation of the cross section by a transm ssion el ectron

m croscope indicated that new 5 crystal defects di'd not occur in the Si

| ayer and thathe wafer€¥6€bbeBbpst¥etallinity was maintained.
Thermal treatnment was further carried out in hydrogen at 1100[err]C

for one hour and the sugksG®t, the SEOUCIEGESS, Wase eMaltmted s ng an
interatomc force 10 m croscope. The mean square roughness of a
50-[err]m layesquand pegtonfwabeapoubul. intagad whichki wekar to that
of commercially available Si wafers. Siml|ar effects can be
obt ai ned by forikphgathy formed ori gbef shmfenget b thef fiestf suhetysatend
substrate 15 i nstead of the surface of the epitaxial |ayer or

forming Pt onwBsehtzappfessed to the secopd gubstrafe-t henpyréhs Si | ayer

remai ning on the | first substrate was selectively_ etched b% bei ng
stirred regaindng RRXtuPE &Pe4BOFRYEr 5i heYPE Zermgingd 8Budbeo

hydr ogen peroxi de sol utiop. _Subsequently, using hydr ogen anneal i ng
or surface tr?&?%@ﬁ? §5cﬁgﬁsf§5? agEEStr%te'polishing, the first or second

substrate could beg peoqueh®t§e9he" ph8uaPRY® 18585 ansferred to

the second substrate was selectively etched by being

10 stirred using a mixture of 49% hydrofluoric acid and
30% hydrogen peroxide solution. The single crystal Si
layer remained without being etched, whereas the porous
Si layer was entirely removed by selective etching
using the single crystal Si layer as an etch stop

15 material.

The speed at which a nonporous Si single crystal
is etched by the etching solution is very low, and the
selective ratio of this etching speed and the etching
speed of the porous layer is 1 : 10° or more. Thus, the

20 amount of the etched portion of the nonporous layer
(about several tens of Angstrom) corresponds to the
practically negligible reduction of the thickness.

The single crystal Si layer of 0.2 um thickness
was formed on the Si oxide film. The single crystal Si

25 layer was not affected by the selective etching of the
porous Si layer. When 100 points of the overall

surface of the single crystal Si layer formed were



(Example 2) 25 (Two porous |ayers and nozzl e scanni ng) A

first P-type single crystal Si substrate having a resistivity of
0.01 [err] cmwas subjected to two-step

- 53 - anodi zation in an HF soluézitontoformtv\o por ous

| ayers. The anodi zation conditions are’isted bel ow. First step:

Current density: 7 (nA cn[err]) 5 Anodi zation solution: HF:. Herr]QO
Cerr]Herr]OH = : Ti me: 5 (m nute) Thickness of the

gbr ?;Apg:’r{)gfr'%aé@oeeé fo% Jlilggztnl on 'so Ut [ an%‘éhﬁ:%[l 88.8(:?'6 e:’jI’Gi’lg'lt v

1: 1 1 4 nm.JiMe: 10 (second) Thi ckness of t he second porous Si
| ayer: 0.2 ([err]n) The two porous Si |ayers were fornmed, and

t he sur f aceaP USSRl £t & i sk PYscd 1M @Y rent was 15
used to forma high-quality epitaxial Si |ayer while t he | ower

porous Si | ayerarseiksish Blactrgh mitresdope indicMedsethiased Separati on
| ayer. That is, the functions were assigned to the different |ayers.
Thus, tHe crystdl ocdebsstofdidhendowanur et Por Guis 1Siydmayerd ithatot 20
limted to the above val ue but may be between 0.1 to several hundred
pm excéhleniticrysitall im byl warl madskajrad. | ayers may be
formed on the second porous Si |ayer.
Thermal treatment was further carried out in
hydrogen at 1100°C for one hour and the surface
roughness was evaluated using an interatomic force
10 microscope. The mean square roughness of a 50-um
square region was about 0.2 nm and was similar to that
of commercially available Si wafers.
Similar effects can be obtained by forming the
oxide film on the surface of the second substrate
15 instead of the surface of the epitaxial layer or
forming it on both surfaces.
In addition, the porous Si layer remaining on the
first substrate was selectively etched by being stirred
using a mixture of 40% hydrofluoric acid and 30%
20 hydrogen peroxide solution. Subsequently, using
hydrogen anneéling or surface treatment such as surface
polishing, the first or second substrate could be
reused for the above process.
(Example 2)
25 (Two porous layers and nozzle scanning)

A first P-type single crystal Si substrate having

a resistivity of 0.01 Q-cm was subjected to two-step



This substrate was oxidized in an oxygen 25 at nosphere at 400[err]C for
The oxi di zation caused the inner wall of the pores in the

one hour.
porous S
- 54 -

| ayer to be covered with a thermally oxidized fil
The surface of the porousggi _|ayer was treated with

m

hydrofluoric acid to renove only the oxidized filmon t he surface of
the porous Si |ayer while | eaving the oxi dized filmon the inner wall
of the pores, and the 5 CVvD was then used to allow single crys
epitaxially gnodibgtfoRd LfrahmiPnsbhetpenovs Sbrha¥@s. pdhsus
conditions are |listed bel ow Source gas: SiHerr]d[err]/H
Gas fl ow rat day8r5/. 180hé&/ ahodizdbion Gasdptesssr 8re80idBEd below.
Tenperature: 950[err]C G owth speed: 0.3 [err]m mn.

Furt her nor e, Farggostept hi ck oxide film (an Siqerr]

formed on the epitaxial Si layer as an 15 insul ating | ayer, us

t hermal oxi dgprsant density:

S

substrate was placed on the surface of the SiQ2 |ayer to

tal S
growt h
err]

| ayer) was

i ng

cont act °t henfRgEHZREFORTRRLEt SOt HBf eH.Qwer@HsPiéne 1 : 1 subjected to
t hermal treafnent st 118g%e5r]c for five 20 m nutes for bondin
e (PGPHED

The bonded sub®Bra

Enbodi nent 1 was

10

15

20

25

Second step:
Current density: 30 (mA-cm™?)
Anodization solution: HF: H, 0: C,HOH = 1 : 1 : 1
Time: 10 (second)
Thickness of the second porous Si layer: 0.2 (um)

The two porous Si layers were formed, and the
surface porous-Si layer anodized by a low current was
used to form a high-quality epitaxial Si layer while

the lower porous Si layer anodized by a high current

g.

in this manner was separated using the
appar at us Sh@ﬂ@ckﬁeggcngthé first pé%gééaéiofagég?ei?sslS%Bar to that in

was used as a separation layer. That is, the functions

were assigned to the different layers. Thus, the
thickness of the low-current porous Si layer is not
limited to the above value but may be between 0.1 to
several hundred pm.

In addition, a third and subsequent layers may be
formed on the second porous Si layer.

This substrate was oxidized in an oxygen
atmosphere at 400°C for one hour. The oxidization
caused the inner wall of the pores in the porous Si

layer to be covered with a thermally oxidized film.

to

nd* emi'face of a separately prepared second



used. As aresult, the SiJerr] layer, the epitaxial Si 25 | ayer, and

paft of “the porous Si |ayer which were originally fornmed on the
surface of the first substrate were transferred to the second
substrate. Only the - 55 -

remai ning part of the porous Si |ayer FeRfli fied on the surface of the
first substrate. Subsequently, the porous Si |ayer transferred
to the second substrate was selectively etched by being 5

stirred using,g Ehi“f‘ﬁl[:@ 8k £R& ?XQBQ%' QrhGyagl Qfa@n‘éreated w§g%’ hydr ogen

per oxi de sol ution e single ¢ ayer remai ned w t hout

bei ng ?tChedhg&@%&@ﬁér&ﬁeaEQHOBé remove shila¥ee B@id%ﬂéﬂrghimrSHDVGd by
sel ective etching using the single crystal Si layer as an etch stop

10 mat eri &#he surface of thBepsirBgkessr Ysialk Shihayeeaofing. 2nem t hi ckness
was formed on the Si oxide film The single crystal Si | ayer was not
af fected by thediekdctive ehchhegioherheall of ther pugeSi hagetheWhen 100
poi nts of the overall 15 surface of the single crystal Si |ayer forned
wer e 5 G¥aswaed then ubedkhfosgllble siaghe cobtaitaédSwasc200 nm [err]

4 nm An observation of the cross section by the

transni ssi onepi&eeisd 1 groyc e O AdiBared thraporews 86 layveryst dhedefects

did not occur in the Si_ |layer and that excel lent crystallinity was
mai nt ai ned. 9rowth conditdopsaprer ddskert PRASY urt her carried out in
hydr ogen at 1109LFrBLQ for one our and the surface

2

Gas flow rate: 0.5/180 1l/min.
10 Gas pressure: 80 Torxr

Temperature: 950°C

Growth speed: 0.3 pm/min.

Furthermore, a 200 nm thick oxide film (an SiO,
layer) was formed on the epitaxial Si layer as an

15 insulating layer, using thermal oxidation.

The surface of a separately prepared second Si
substrate was placed on the surface of the Si0, layer to
contact them mutually. These substrates were then
subjected to thermal treatment at 1180°C for five

20 minutes for bonding.

The bonded substrate formed in this manner was
separated using the apparatus shown in FIG., 3. A
separation process similar to that in Embodiment 1 was
used. As a result, the Si0, layer, the epitaxial Si

25 layer, and part of the porous S$i layer which were
originally formed on the surface of the first substrate

were transferred to the second substrate. Only the



roughness was eval uated using the interatomc force 25 m croscope. The
mean square roughness of a 50-pm square regi on was about 0.2 nm and
was simlar to that of commercially available Si wafers.

- 56 - - Simlar effects can Bg obtained by formng the

oxide filmon the surface of the second substrate i nstead of the
surface of the epitaxial |ayer or formng it on both surfaces. 5
In addition, the porous Si |ayer renaining on the first substrate

was SE|6CtIV6kémahﬁHQ§ UrRebBJthbi bbebus Si laydkNgealhsbubg @hed49%
hydrof | uoric acid and 30% hydr ogen peroxi de sol ution. Subsequently,

usi ng bydfagen odnnbel Figsar sebsftaaeet.r eat nent such as surface 10
polishing, the first or second substrate could be reused to repeat

t he above process. SubsequepElgnpltbe3porous Si( Peyeus tBankdpered separation
| ayer fornmed by ion I npl antati on and nozzl e scanning) 15 A
first P-type $hegleconyssabsSratgbypsaseleavingly etCheé bgsbetingity of
0.01 [err] cmwas subjected to anodization an HF sol ution.

The anodPzati S¥iEERE sdRg ar BLKLRIEd OBe AR, hYdrOflueE#PeﬁFléeﬁ§ﬁty 7 (m

cnferr]) 20 I zation solution: HE He err| err H=1:1
1 T|n930f1%¥%Fﬁ@F@)perOdeeTﬁP&Nﬁégg ofT%ﬁe SBH&ES YSitayefi 12 (pm)
This substrat%aggg %éh%&%% Qlt% uQX%%lng etched, whereas the porous
Si layer was entirely removed by selective etching
using the single crystal Si layer as an etch stop
10 material.

The single crystal Si layer of 0.2 um thickness
was formed on the Si oxide film. The single crystal Si
layer was not affected by the selective etching of the
porous.Si layer. When 100 points of the overall

15 surface of the single crystal Si layer formed were
measured for thickness, the value obtained was 200 nm *
4 nm.

An observation of the cross section by the

transmission electron microscope indicated that new
20 crystal defects did not occur in the Si layer and that
excellent crystallinity was maintained.

Thermal treatment was further carried out in
hydrogen at 1100°C for one hour and the surface
roughness was evaluated using the interatomic force

25 microscope. The mean square roughness of a 50-um
square region was about 0.2 nm and was similar toc that

of commercially available Si wafers.



atmosphere at 400[err] C for one hour. The oxidization 25 - caused the
inner wall of the pores in the porous Si | ayer to be covered with a
thermally oxidized film The surface of the porous Si |ayer was
treated with - 57 -

hydrofluoric acid to renove only the OX|d|zed filmon t he surface of
the porous Si |ayer while | eaving the oxidized filmon the inner
wal | of the pores, and the CVD was then used to allow single crysta
Si to 5 epi t axBahiyagr eprbyts. Sahebe] 6beAihBEe PYr 6UsmShg! 8Mer. The
growm h conditions are |isted bel ow. Sour ce gas:

SiH err] d [ erokiégefilm on theGasrfhow odt eheO0sb£4R8 dhbsbrate Gas
pressure: 80 Torr 10 Tenperature: 950[err]C G owth speed: 0.3
[err]m nmin. instead of fhetbserfisce, of 206- emivakilelf LhyefanarSi J err]

| ayer) was fornmed on the epitaxial Si |ayer as an insulating

| ayer, using fRERNARY b%l@&tb@ﬁh sypfaces. lons were inplanted fromthe

surface gf the first strate in such_a way that their projected
flights . eX|§PsaﬁﬁfﬁFﬂnthEh%pP?59P§ISPa}@Y?ﬁoF%ﬂ§l€$n9n?@rFh@e
t he porous Si trate.interface Thi s

b )
al l owed a Iaygilu %t?H Skga es%ﬁﬁrﬁ??%ﬁ%lzﬁgg e?gpgg P3 B%l?gr%gérﬁﬁda dept h

cor respondi ng, L@ kh PL Q] a_strain.layer formed by
m crocavities or o%cgﬁ |35 %dS?n%? ﬁgg ngorlc “ad1a%na S%fer

pre-treat ment ngHEBga8 B&f&ﬁldgl§3ﬂ8t9589€5§hﬂgequently, using

hydrogen annealing or surface treatment such as surface

10 polishing, the first or second substrate could be

reused to repeat the above process.

(Example 3)

(Porous Si layer + separation layer formed by ion
implantation and nozzle scanning)

15 A first P-type single crystal Si substrate having
a resistivity of 0.01 Q‘cm was subjected to anodization
in an HF solution.

The anodization conditions are listed below.
Current density: 7 (mA-cm2)

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

Time: 11 (minute)
Thickness of the porous Si layer: 12 (pm)

This substrate was oxidized in an oxygen
atmosphere at 400°C for one hour. The oxidization

25 caused the inner wall of the pores in the porous Si
layer to be covered with a thermally oxidized film.

The surface of the porous Si layer was treated with



the surface of a separately prepared second Si 25 substrate was pl aced
on the surface of the Sierr] layer to contact them nutually. These
substrates were then subj ected to thermal treatnment at 600[err]C for
10 hours - 57 - - 58 - for
bondi ng. The bonded substrate forned in this manner was
separated using the apparatus shown in FIG 3. A separati on process
simlar to that in Exanple 1 was 5 used. As a result, the Sigerr]
| ayer, the epydsxfbliofic acid tbayetiovanshparthefoxh®i ped ofisldiohayer which
wer e originally fornmed on the surface of the first substrate
wer e transfethedstofabe sécbned sobstsade. layy whele leavimenshei ng part of
the porous Si |ayer remained on the 10 surface of the first substrate.
Subsequent | yoxi@ezedr 6u3mSpn| byer innensval l edf t bhe porest hendetomd
substrate was sel ectively etched by being stirred using a m xture of
49% hydr of | UeYPcwagi Bhandused to 8piptyataghbd PeyYekadeSEotati on. The single
crystal _Si renainedom%thout bei ng et ched,  whereas the porous

5

Si | ayer maségﬁF??£%¥§§eﬂﬁ9§db%y | B2 PR etRE CRPHGUS Si laygfng The single
St S E BB O 1anned BOERY s o on 11 2 Ml
(Lo gTor SHBREECENsLShyBior | Ve v oL affected by the setective
surface of t1hgsSENGLerst¥Stal sp1abayphihor med were
Gas pressure: 80 Torr
10 Temperature: 950°C
Growth speed: 0.3 um/min.
Furthermore, a 200-nm oxide film (an Si0, layer)
was formed on the epitaxial Si layer as an insulating
layer, using thermal oxidation.
15 " Ions were implanted from the surface of the first
substrate in such a way that their projected flights
exists within the epitaxial layer/porous Si interface,
the porous Si/substrate interface, or the porous Si
layer. This allowed a layer acting as a separation
20 layer to be formed at a depth corresponding to the
projected flight as a strain layer formed by
microcavities or concentrated implanted ions.
After pre-treatment such as N, plasma processing,
the surface of a separately prepared second Si
25 substrate was placed on the surface of the SiO, layer to

contact them mutually. These substrates were then

subjected to thermal treatment at 600°C for 10 hours



measured for thickness, the value obtained was 201 nm[err] 25 4 nm
An observation of the cross section by the transm ssion el ectron

m croscope indicated that new - 59
- crystal defects did not occur_igsthe Si layer and that

excel lent crystallinity was maintained. - Thermal treatnment was
further carried out in “hydrogen at 1100[err]C for one hour and the
surface 5 roughness was eval uated using the interatom c force )

m croscope. Ther@anasgadar e roughness of a 50-[err]m square region
was about 0.2 nmand was simlar to that of commercially available S

waf ers. ThY Bondledelshdeis-atan tbemell ainnegiky nbonhai-ngakhe 10
oxide filmon the surface of the second substrate i nstead of the

surface of theeppireaddaludiayerher apparatukociiong iilh euchoBh surfaces.

In addition, the porous Si |ayer remaining on the first substrate
was sel ecti velsgretraltddnbpriveasg stimidled tHs thatusnn@Gzampilet ar gaef 49%
hydr of | uori ¢ acid -and 30% hydr ogen peroxi de sol ution. Subsequently,
using 9 RpgPoge AsanE@SUAE . oitheuStifg elayent nbhe eptharsatusiace
polishing, the first or second substrate could be reused to repeat

t he above prodé&¥er. 2pd part ofpddgr @ogguso Sihilayexawpiieh weas on

i mpl antation s carried out after the formation of the epitaxial S

| ayer, but iofEiGdVadY FEARC@ 6 SHETFGEoRE ghe first substrate; he

porous Si/3 %k%ﬁ%'%%ﬁ%éé@%%é%@%% %%Eoge%%nd substrate. Only the

remaining part of the porous Si layer remained on the
10 surface of the first substrate.

Subsequently, the porous Si layer transferred to
the second substrate was selectively etched by being
stirred using a mixture of 49% hydrofluoric acid and
30% hydrogen peroxide solution. The single crystal Si

15 layer remained without being etched, whereas the porous
Si layer was entirely removed by selective etching
using the single crystal Si layer as an etch stop
material.

The single crystal Si layer of 0.2 pm thickness

20 was formed on the Si oxide film. The single crystal Si
layer was not affected by the selective etching of the
porous Si layer. When 100 points of the overall
surface of the single crystal Si layer formed were
measured for thickness, the value obtained was 201 nm +

25 4 nm.

An observation of the cross section by the

transmission electron microscope indicated that new



the epitaxial

growh. 25 (Exanmpl e 4) (Bubble [ayer forned by ion

I npl ant ati on and nozzl e scanni ng) A 200 nm thi ck oxide
film(an SiQ2 | ayer) was - 60 -

formed on the first single crystal Si |ay as an i nsul ating | ayer,
usi ng thernmal oxidation. _ | ons*%ere inplanted fromthe surface

of the first

substrate in such-a way that their projected flight

5

exists within the Si substrate. This allowed a |ayer acting as a

separati on |a¥ﬁ%skglb8eE8EEEdF§& ﬁogeBEQur 1n t g0§£6§ f@g Q&?tehéée

projected flig
concentrated pgBLaNbRE LPPStallinity was ﬁggggaﬁﬁgdtreatnent such as N2

as a strain [ayer ocavities or

pl asma processing, 10 the surface of a separately prepared second Si

pl aceﬁe@man.heréati‘naﬁe ehst berhékrecalriagesutoin cont act
them mutual | y. These substrates were then subj ected to thermal

substrate was

treatment at B8regehCator1®0°Bofios one houtoanBiobdéngurfdSe

bonded substrate forned in this manner was separated using the

appar at u§ showmnughngEg€, wds Avaluatedsugangdt tba pnbesstoniai farceo t hat
used. As a result, the SidJerr] |ayer,

Exampl e 1 was

The

in
t he

surface si ngl BicpgscopgrysThp N&?@rSqaﬁéepﬁpvgbﬂeﬁﬁe°§eﬁaﬁ@tﬂ@n | ayer which

were originally formed on the surface of the first

substrate were

transferred t §3PRESsELIAGNsHBSt RRPET O.2 nm epdywaReSiBihRRi Y BRRE of the

separation Iag%r

10

15

20

25

commercially available Si wafers.

Similar effects can be obtained by forming the
oxide film on the surface of the second substrate
instead of the surface of the epitaxial layer or
forming it on both surfaces.

In addition, the porous Si layer remaining on the
first substrate was selectively etched by being stirred
using a mixture of 49% hydrofluoric acid and 30%
hydrogen peroxide solution. Subsequently, using
hydrogen annealing or surface treatment such as surface
polishing, the first or second substrate could be
reused to repeat the above process.

According to this example, the ion implantation
was carried out after the formation of the epitaxial Si
layer, but ions may be implanted into the porous Si
layer or the porous Si/Si substrate interface prior to
the epitaxial growth.

(Example 4) (Bubble layer formed by ion implantation
and nozzle scanning)

A 200 nm thick oxide film (an SiO, layer) was



remai ned on the surface of the first substrate. 25 - Subsequent |y,
the separation |layer transferred to the second substrate was

sel ectively etched by being: stirred using a m xture of 49%
hydrof l uoric acid and _ 60 - - 61 -

30% hydr ogen peroxide solution. The singlé crystal Si | ayer remai ned
w t hout being etched, whereas the - separation |ayer was entirely
renoved by sel ective ' etching using the single crystal Si layer as an

etch 5  st@Pn8BtEhI Bhe first single IBhPsALNEN0ISFEP LBYae omitted if
t he remai ni ng separation layer is sufficiently thin. The

single crystainShiiheygg Dhy8r?2 h€ingMhdifiknesgidation.Was formed on the Si
oxide film The single crystal Si 10 | ayer was not affected by the

sel ective etching bébnsheere implaepadafion thyesur¥bes 4H0tmpoi pissef the
overal | surface of the single crystal Si |ayer formed were

measured for shbsknete, ihhsughl aewapt thatdtheir 20tonecfedrflight 4 nm

15 An observation of the cross section by the transm ssi on
el ectrondnm creséspe vhghéat thet fatswedtrate. TEhystalledes@caslayernot occur
in the Si layer and that excellent crystallinity was maintained.
Ther mal treat AERENFLZST Br PARRTREFPRel@BRT TR Pooformeggrboanderth100[err] C

o1 one hour a0 LIS RHEACEo ene e PAANRS s B, oYE Koot Rl g, Lhe
S0-ferrlm  ¢orm34U8L Cni 89580 Y2 AP0 c0nde L300 VERp PANLLE s LR N
After pre-treatment such as N, plasma processing,

10 the surface of a separately prepared second Si
substrate was placed on the surface of the Si0, layer to
contact them mutually. These substrates were then
subjected to thermal treatment at 600°C for 10 hours
for bonding.

15 The bonded substrate formed in this manner was
separated using the apparatus shown in FIG. 3. A
separation process similar to that in Example 1 was
used.

As a result, the Si0, layer, the surface single

20 crystal layer, and part of the separation layer which
were originally formed on the surface of the first
substrate were transferred to the second substrate.

Only the remaining part of the separation layer
remained on the surface of the first substrate.

25 Subsequently, the separation layer transferred to
the second substrate was selectively etched by being

stirred using a mixture of 49% hydrofluoric acid and



of commercially available Si wafers. 25 Simlar effects can be
obt ai ned by form ng the oxide filmon the surface of the second
substrate i nstead of the surface of the epitaxial |ayer or

- 62 - forming it on both surfacgi._ In addition, the
separation |layer remaining on the I rst substrate was sel ectively
etched by being stirred using a m xture of 49% hydrofluoric acid and
30% 5 hydr ogen peroxi de solution. Subsequently, using hydrogen

anneal i ng or S0&f agdrogent Perbxideh sasusibhaceThe sinp0ki shiBEa1t Be first
or second substrate coul d be reused to repeat the above process.

Accordi ng to thyserexampliecd Wwd thouftabeiageateheihe whibfteas Shewafer is
transferred to the second substrate via the separation | ayer fornmed
by ion inpl ancgpigation layer was eppirgdfreremayelde byseelecttivansfer the
epitaxial layer to the second substrate via the separation |ayer

f or med ehrhiipg Medngnthel 6anglre crysitedi 84 pryessasi enaksesh 15

possi bl e After the ion inplantation according to this exanpl e, the
surface Si O eFFPP Bat&Xdddd and the epitaxi al | ayer and then the
SiJerr] layer are, faqrned,  followed b .t he baqndi step., The
epitaxial layer is-’ gnEQChlng F&%ﬁspéﬁfgﬁ P@l%ﬁgdsé%oﬁg%sﬁﬁ rt89%i a t he
separation 2 f d.hy . tation. In the latter case,

t he surface a%ggag%ﬁﬁﬁé'ég&%gfé% Fgggﬁggek%g s%é%réd. (Exanpl e 5)

(Horizontal placengipl %@%gquﬁgggkaﬁfSEhgayer of W@Eehh thickness
was formed on the Si oxide film. The single crystal Si

10 layer was not affected by the selective etching of the
separation layer. When 100 points of the overall
surface of the single crystal Si layer formed were
measured for thickness, the value obtained was 201 nm #
4 nm.

15 - An observation of the cross section by the
transmission electron microscope indicated that new
crystal defects did not occur in the Si layer and that
excellent crystallinity was maintained.

Thermal treatment was further carried out in

20 hydrogen at 1100°C for one hour and the surface
roughness was evaluated using the interatomic force
microscope. The mean square roughness of a 50-um
square region was about 0.2 nm and was similar to that
of commercially available Si wafers.

25 Similar effects can be obtained by forming the
oxide film on the surface of the second substrate

instead of the surface of the epitaxial layer or



A first P-type single crystal Si substrate having 25 aresistivity of
0.01 [err] cmwas subjected to anodi zation I n an HF sol ution.

The anodi zation conditions are |isted bel ow.

- 63 - Current density: 7 (mA cnggrr]) Anodi zat i on
solution: HF: Herr]O CerrJ]Herr]OH=1 1 Time: 11 (mnute)
Thi ckness of the porous Si layer: 12 ([err]n) 5 Porous Si was used
to forma high-quality epitaxial Si layer and as a separation |ayer.
The thi cknessfeikmiRg ROr 8HSbSth! 3)LEakbEsNOL limted to the above

val ue but may be between 0.1 to several hundred [err]m 10

Thi s substrate wasiaxaddzefloh) 8heoxgpgenation lagénvspheierialy 4Q0Erer]| C for
one hour. The oxidization caused the inner wall of the pores in the
porous Si firskapebstoabe weseseﬂemtiheéythechaﬂlyyoheﬂhgedtirtaﬁ

The surface of the porous Si layer was treated with 15 drofluoric
acid to rennvéséﬁgyatméxﬁurﬁlQ§d4P%IhY@ﬁOfluorlCtﬁ@léu@ﬁ@céoéf t he porous
Si | ayer _while |l eaving the oxidized filmon the inner wall of the
pores, aAd th@YdrOgen eorrRddet fehutiien- t oSaPreANSRRGY e EF?@QaI Si to
epitaxially grow by 0.3 [err]mon the porous Si |ayer. wt h
condi ti ons ar 8YAFoUes Bépﬁﬂﬂlng or supfiace §£§at§PP$e?PfE1?@r???ﬁ?@?r]

Gas flOMIratepoglséigg,llgg first or secogressgs%rag couid be

reused to repeat the above process.
According to this example, the surface area of the
10 Si wafer is transferred to the second substrate via the
separation layer formed by ion implantation, but an
epi-wafer may be used to transfer the epitaxial layer
to the second substrate via the separation layer formed
by ion implantation. The following process is also
15 possible., After the ion implantation according to this
example, the surface Si0, is removed and the epitaxial
layer and then the S$i0O, layer are formed, followed by
the bonding step. The epitaxial layer is then
transferred to the second substrate via the separation
20 layer formed by ion implantation. In the latter case,
the surface area of the Si wafer is also transferred.
(Example 5) (Horizontal placement and movement of the
wafer)
A first P-type single crystal Si substrate having
25 a resistivity of 0.01 Q-cm was subjected to anodization
in an HF solution.

The anodization conditions are listed below.



Tenperature: 950[err]C 25 G owth speed: 0.3 [err]m mn.

Furthernmore, a 200 nmthick oxide film(an SiJgerr] | ayer) was
formed on the epitaxial Si |ayer as an

- 64 - insul ating |ayer, using.tggroal oxidation. The
surface of a separately prepared second Si substrate was placed on
the surface of the SiJerr] layer to contact them nutually. These
substrates were then 5 subjected to thernal treatnment at 1180[err]C for
5 mnutes Currefbrdéoeiiing.7 (mA-cm?)  The bonded substrate forned in
thi s manner was separated using the apparatus shown in FIG 5. The
waf er cassetdrogdBapbenpsatetiion: t HE: cAgretd H:Mhse 207 1101 in such a way
that the wafer 201 extended in the hori zontal direction, as shown in
FIG 5. HighTime: 11 pRéBytee pure water at 2,000 kgf/cnierr] was jetted
fromthe 15-mm nozzl es 202 and_203 of t he mater j et apparatus

| ocated on tﬂBI§FH%36fthEhQaP%Foﬁﬁa?hs%aYﬁE bbAdf WY’ 15 region in the

bonded yeler I OUglLheegaRat MELEA o raem hOBVSH BlgbEppLLLIS, Trom @
bonded 1S eoT0Beg iy, PFUREEnCEE b AEEBASANC, BRSO el R
B ! Fhe e HBE QRPHABAELORYeHEVBLELDS, o soyer, so,nd s 20211 on
Then, anothefimjtea thORHENELEPROLaYAE HERUmhY BEOLEtABEnCOLLegs the
several hundred um.
10 This substrate was oxidized in an oxygen
atmosphere at 400°C for one hour. The oxidization
caused the inner wall of the pores in the porous Si
layer to be covered with a thermally oxidized film.
The surface of the porous Si layer was treated with
15 hydrofluoric acid to remove only the oxidized film on
the surface of the porous Si layer while leaving the
oxidized film on the inner wall of the pores, and the
CVD was then used to allow single crystal Si to
epitaxially grow by 0.3 uym on the porous Si layer. The
20 growth conditions are listed below.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 l1/min.
Gas pressure: 80 Torr
Temperature: 950°C
25 Growth speed: 0.3 pm/min.

Furthermore, a 200 nm thick oxide film (an SiO,

layer) was formed on the epitaxial Si layer as an



separated wafer as a first and a second substrates. 25 The
Sigerr] layer, the epitaxial Si layer, and part of the porous S
| ayer which were originally forned on the '

- 65 - surface of the first subsgpate were transferred to the
second substrate. Only the remaining part of the porous Si |ayer
remai ned on the surface of the first . Substrate. 5

Subsequently, the porous Si layer transferred to t he second

substrate wasngah_aez&hgeuyékghaéihg BREPflal oxidagibhled using a mxture of
49% hydr of | uoric acid and 30% hydr ogen peroxi de solution. The single
crystal Si Theyeurfagei s€dawstparhtbtiyngrepaked, sabendasit he porous
10 Si layer was entirely renoved by sel ective etching usi ng the
si ngl e cryst subSitre&pewaas pdncetichnstbp surfacenmafethel 810, layer to The
single crystal Si layer of 0.2 gerr]n1th|ckness was formed on the S
oxi de film Thatackgithesy putaplsy 15hese|§ybstwa§eﬁoweaef§bﬁéd by the

sel ective etching of the porous Si ¥ Wien 100 _points of the
overal | 2 Sub§&FF§€et8ftpﬁ§m§4n§F§a§W9§FaP Sit1PQyEr £P3r Relifefres
measured for thlg P@ t he val ue obtai ned was 200 nm [err] 5 nm

20 éPﬂbn of the cross section by the transni ssi on
el ectron n1crosco§§ % ated new tal efects did not occur

in the Si layer a dea”su %§geﬁlgﬁfm89ys§a¥ ﬁﬁlpyn § Warnt ai ned.
Ther mal treagg5%&a@%§ B% %Be%h%agﬁbgga%ﬂg %ﬂown in FIG. 5. The

wafer cassette 205 was placed on the cassette base 207

10 in such a way that the wafer 201 extended in the
horizontal direction, as shown in FIG. 5. High-
pressure pure water at 2,000 kgf/cm? was jetted from the
0.15-mm nozzles 202 and 203 of the water jet apparatus
located on the side of the wafer against the bonding

15 region in the bonded wafer through the gap therein
formed by bevelling, from a direction parallel with the
bonding interface (surface) in the bonded wafer. The
nozzles were fixed and the bonded wafer was scanned in
the horizontal direction to receive the high-pressure

20 pure water along the gap formed by bevelling.

This operation allowed the wafer to be divided
into two via the porous Si layer. Then, another
loading robot was used to store and collect the
separated wafer as a first and a second substrates.

25 The Si0, layer, the epitaxial Si layer, and part of

the porous Si layer which were originally formed on the



25 hydrogen at 1100[err]C for one hour and the surface roughness
was eval uated using the interatomc force m croscope. The nean
square roughness of a 50-pm - 66 -
square region was about 0.2 nmand was sigglar to that of
commercially available Si wafers. Simlar effects can be
obt ai ned by form ng the oxide filmon the surface of the second
substrate 5 i nstead of the surface of the epitaxial |ayer or

formng it onslofécesust atles. first substrate weitk t tomsfderadrovstise Iayer
remai ni ng on the first substrate was selectively etched by being
stirred secer@gsubmizate e AINUPISy dremdlnine pafd @hdtldey 10
hydrogen peroxi de solution. Subsequently, using hydr ogen anneal i ng
or surface treereestSiytaves semdbeed on the paurEaeaeftHeeffisstor second
substrate coul d be reused to repeat the above process.

(Exanpl e 6) (¥Reftrateon of the nozzle) 15 A first P-type single
crystal Si substra havi n

a resi st of 0.01 [err]cm was
subj ected to anodléﬁ??% uerttly, Fhe aCTRus $ i%%er transierr S
anodi zati on CQHQ't'°8§darebs£§§§d.£§é°¥§;e$flve}§$éﬁfﬂrr] ns$é 7 (nA

cn[err]) 20 ARGAT 24t TOR® S0 I on: err 1

([e”] - Timeg 41,481 {g&i&% a glﬁggﬁgﬁﬁr‘%@ fR{(dHS':‘? 28 :9%361 ?;é‘ﬁ(&r 12
epitaxial Si 50¥ehy8Pdg8R PeSERAEAIEOTULAYR! - The smngle crystal Si
layer remained without being etched, whereas the porous

10 Si layer was entirely removed by selective etching
using the single crystal Si layer as an etch stop
material.

The single crystal Si layer of 0.2 pm thickness
was formed on the Si oxide film. The single crystal Si

15 layer was not affected by the selective etching of the
porous Si layer. When 100 points of the overall
surface of the single crystal Si layer formed were
measured for thickness, the value obtained was 200 nm %
5 nm.

20 An observation of the cross section by the
transmission electron microscope indicated that new
crystal defects did not occur in the Si layer and that
excellent crystallinity was maintained.

Thermal treatment was further carried out in

25 hydrogen at 1100°C for one hour and the surface

roughness was evaluated using the interatomic force

microscope. The mean square roughness of a 50-um



25 This substrate was oxidized in an oxygen at nosphere at
400[err] C for one hour. The oxidization caused the inner wall of the
pores in the porous Si - 67 -

llayer to be covered with a thermally oxidized film The surface of
the porous Si |ayer was treated with hydrofluoric acid to renove
only the oxidized filmon the surface of the porous Si |ayer while

| eaving the 5 oxidized filmon the inner wall of the pores, and the

CVD was then yggedrborabhiow #h804B0GtYSt 8l nwl ah@ was sim€Phiakbathytgrow by
0.3 pmon the porous S |ayer. The growm h conditions are |isted

bel ow. oSodonmregasal SyHheaijsbiersl/ wheerk. 10 Gas flow rate:
0.5/180 1/ mn. Gas pressure: 80 Torr Tenperature: 950[err]C
G owt h speed: 0.3 Bemilaknefifects can be obtaihednbyefosm2f§ BRet hi ck oxide
film(an Sigerr] 15 | ayer) was forned on the epitaxial Si layer as an
i nsul ati ng | apeideusing ohethel suxfdaei ofi. the second sublersgteface of a
separately prepared Si substrate was placed on the surface of the

Si O err] Sl ayeinsseadnpicthe surfacherfntinBabPjtaXhadelandstertes were then
subjected to 20 . thermal treatnment at 1180[err]C for 5 mnutes for

bondi ng. forming $keoBohBER SUB§EFEFe forned in this manner was

separat ed usi ng th% agganatus shown in FIG._6l As . shown in this
figure, the bonded RafERi38PPwatlgl PETHRYS S1 lavep LEBAINFRASt AR TRPti cal

direction, angigg%héegg%%%%g was selectively etched by being stirred
using a mixture of 49% hydrofluoric acid and 30%

10 hydrogen peroxide solution. Subsequently, using
hydrogen annealing or surface treatment such as surface
polishing, the first or second substrate could be
reused to repeat the above process.

{Example 6) (Oscillation of the nozzle)

15 A first P-type single crystal Si substrate having
a resistivity of 0.01 Q' cm was subjected to anodization
in an HF solution.

The anodization conditions are listed below.
Current density: 7 (mA-cm™?)

20 Anodization solution: HF: H,0: CHOH = 1 : 1 : 1
Time: 11 (minute)

Thickness of the porous Si layer: 12 (um)
Porous Si was used to form a high-quality
epitaxial Si layer and as a separation layer.

25 This substrate was oxidized in an oxygen
atmosphere at 400°C for one hour. The oxidization

caused the inner wall of the pores in the porous Si



25 pure water at 2,000 kgf/cnierr] was jetted fromthe 0.15-mm

nozzle 302 of the water jet apparatus |ocated above the waf er

agai nst the bonding region in the bonded waf er through the
gap therein fornmed by bevelling, from a direction parallel with the
bondi ng i nterface (surface) in t he %onded waf er. Then, the nozzle 302
was oscillated within the sane plane as the bonding 5 surface in the
wafer so as to draw a fan, in order to oscillate the flow of the jet

wWithin this phpse. to be covered i StRPEr chéiably ovRtaiheaweipr. to be
di vi ded into two via the porous Si layer. As a result, the SiJerr]

| ayer, the eph¢axunfaSk bAythe potowarsiolayde pasotBeaddd wih | ayer which
were originally formed on the surface of the first substrate were
transferred hpdtbé€lgecbndacid to sebsteadely ohy chbdteedi Ailg ¢art of the
porous Si | ayer remai ned on the surface of the first substrate.
Subsequent | ythe heupbreasosi thayrereuansSt etaxertvhils leavhegstiend
substrate was selectively etched by being stirred using a m xture of
49% hyd? of | uUB¥idizeddfika on the B@%ﬁyu%beﬂf pER®xPEEeS ol B¢ oRDe The singl e
crystal Si r emai ned ihout bej ng et ched, mhereas t he porous
Si |ayer mascgﬁtw?ﬁlgh?%nﬁﬁﬁ B? %L Kt FLRILE cCAFHYT2505L ®Rsing the singl e
crystal Si e etch s The, single
crytal S 1 SYEFaRTeRly BrRy b ERRstm of G BoFapReBt oheYRE- S TBS! de

film The Siﬁgbﬁtﬁr¥8£§£t§%ns are 11 2¥E4 Yas. ot affected by the selective
et ching of the :

Source gas: SiH,Cl,/H,

10 Gas flow rate: 0.5/180 l/min.
Gas pressure: 80 Torr
Temperature: 950°C
Growth speed: 0.3 pm/min.

Furthermore, a 200 nm thick oxide film (an SiO,

i5 layer) was formed on the epitaxial Si layer as an
insulating layer, using thermal oxidation.

The surface of a separately prepared Si substrate
was placed on the surface of the SiO, layer to contact
them mutually. These substrates were then subjected to

20 thermal treatment at 1180°C for 5 minutes for bonding.

The bonded substrate formed in this manner was
separated using the apparatus shown in FIG. 6. As
shown in this figure, the bonded wafer 301 was allowed
to stand in the vertical direction, and high-pressure

25 pure water at 2,000 kgf/cm®? was jetted from the 0.15-mm
nozzle 302 of the water jet apparatus located above the

wafer against the bonding region in the bonded



25 porous Si layer. Wen 100 points of the overall surface of
the single crystal Si layer fornmed were - measured for thickness, the
val ue obt ai ned was - 69 -

201 nm[err] 4 nm An observaggon of the cross section by the
transm ssion el ectron mcroscope indicated that new crystal defects
did not occur in the Si layer and that 5 excellent crystallinity was
mai nt ai ned. Thermal treatnment was further carried out in
hydrogen at 1986fer theohgh the gaprthedeihefeumédcky bevellimgghfiess was
eval uated using the interatomc force m croscope. The nean square
roughness of @& Sdreatien parsiliedewiEhi Bhevwasndboat igterfmeand was siml ar
to that of commercially available Si wafers. Simlar
effects can bESBEfarfediBytherhpngegnwater. Thepdethe| MeemleneO3urface of
the second substrate of the suiface of the epitaxial |ayer

. | nst ead
or 15 forﬁ?ﬁgoﬁFléﬁaBSthggPﬁgpggg same p-lane a?ntgﬁd??:%h?gthe por ous
bei g <t T v oqoUrPo8 b She waser bo%he HETRER s Fnr | R dE R a0vs

being stirred usi Xture 30%

hydr ogen peroéggﬁligkgtkﬁg'f§HQS§gggﬂélXet“%%gﬁ%nzgﬁis ?%%ﬁ gen annealing

or surface treatnent such as sur shing, Irst or second
substrate could bephig opelgtse BQléﬁeéaEhEhGai‘QQV‘éo%Qcéfﬁic\il\%d
|

Simlar results were obtained by separating wafers Ich a
separation | aytowewof QLEEEhaCEELEURISEOlayer. As a result, the Sio,
layer, the epitaxial Si layer, and part of the porous
10 Si layer which were originally formed on the surface of
the first substrate were transferred to the second
substrate. Only the remaining part of the porous Si
layer remained on the surface of the first substrate.

Subsequently, the porous Si layer transferred to

15 the second substrate was selectively etched by being
stirred using a mixture of 49% hydrofluoric acid and
30% hydrogen peroxide solution. The single crystal Si
layer remained without being etched, whereas the porous
Si layer was entirely removed by selective etching

20 using the single crystal Si layer as an etch stop
material.

The single crystal Si layer of 0.2 pm thickness
was formed on the Si oxide film. The single crystal Si
layer was not affected by the selective etching of the

25 porous Si layer. When 100 points of the overall
surface of the single crystal Si layer formed were

measured for thickness, the value obtained was



25 Exanples 2 to 4. (Exampl e 7) (Rotation of the wafer)

A first P-type single crystal Si substrate having

- 70 - a resistivity of 0.01 [err] cmwas subjected to anodi zati on
in an HF sol ution. The anodizgbi an conditions are |isted bel ow
Current density: 7 (rrA cn{err]) 5 Anodi zation solution: HF: Herr]QO
CerrJ]HerrJ]OH=1 : 1 : 1 Time: 11 (m nute) Thi ckness of the
porous Si |ayer: 12 (pn) Porous Si was used to forma

hi gh-quality 201 nm epidt am.al Si | ayer and as a separation layer. 10

This substrate was oxidized in an oxygen at nosphere at 400[err]C for
one hour. The oxi diAratchmervation cdudde chesisnsectisinl byf thike pores in the
porous Si | ayer to be covered with a thermally oxidized film

The surface offEREPGFUER Silachyen RESTOSSLPed IRddigated thafyaesrt| uoric
acid to renove only the oxidized filmon t he surface of the porous

Si layer whil @qY(?&Rﬂlngiec%ts did nef @csad A hhen Sthd avRRePPfalthadt t he
pores, ag? t he n. used to allow S|ngle crystal Si to

epitaxiaPy gred"&ﬁer}s}%‘% c&'ﬁﬁm%’?]‘bﬂé‘l&é’r 8§78 Fintpdredrhe growt h
conditions are lis llO\%ceatment §%ar (TR %'a'ij[ e1j]Orgru[terirn] [Herr]

Gas flow rate: 0.5/ S pressure.

Tenperature: 9R:&iddf°at 1100°C for one hour and the surface
roughness was evaluated using the interatomic force
microscope. The mean square roughness of a 50-pm

10 square region was about 0.2 nm and was similar to that
of commercially available Si wafers.

Similar effects can be obtained by forming the
oxide film on the surface of the second substrate
instead of the surface of the epitaxial layer or

15 forming it on both surfaces.

In addition, the porous Si layer remaining on the
first substrate was selectively etched by being stirred
using a mixture of 49% hydrofluoric acid and 30%
hydrogen peroxide solution. Subsequently, using

20 hydrogen annealing or surface treatment such as surface
polishing, the first or second substrate could be
reused to repeat the above process.

Similar results were obtained by separating wafers
in which a separation layer was formed according to

25 Examples 2 to 4.
(Example 7) (Rotation of the wafer)

A first P-type single crystal Si substrate having



25 G owth speed: 0.3 [err]m mn. Furthernore, a 200 nmthick

oxide film(an Sigerr] | ayer) was formed on the epitaxial Si |ayer
as an - 71 - i nsul ati ng

| ayer, using thermal oxidation. - 7o Lhe surface of a separately
prepared second Si substrate was placed on the surface of the
SiJerr] layer to contact themnutually. These substrat.es were then
5 subjected to thermal treatnment at 1180[err]C for 5 m nutes - for
bondi ng. a resistikdtionded.subset cat @abosikdectetdhits ERBASEAWASN
separated using the apparatus shown in FIG 4. A bonded waf er
401 was al | onéds B HFasdlukivhe 10 vertical direction. The
bonded wafer 401 was set so as to fit on a positioning pin 413 and
was sucked and hel @hgyapodékgéion condizdonsaprer lissedobeddwwal er 401 was
held in an accurate position so_as to fit on the positioning pin 15
413, the nozz[fBrEgatndensdF&d dndPP PR Was | ocat ed per pendi cul arly

to the t%p of thg_bonded waf er 401 and . t he di stance between the
waf er 40P and®PREIFEFIPE FeFution: HES HeQt Cis9H fmit :Then, La hol der 403

was noved for . (leftward in the figure) via a bearing 411 unti
it 20 suc%gég'n&lhépﬂgﬁﬁg)mafer 401. Then, water w thout

abrasi ve nat ephdl, dedisng s f L t jyet punp 414 to the
nozzle 402 for a Speort Pedper I injected fluid

was stabi || zedoudnes RS WBkEr thadaen Bighlhuagd ey
epitaxial Si layer and as a separation layer.

10 This substrate was oxidized in an oxygen
atmosphere at 400°C for one hour. The oxidization
caused the inner wall of the pores in the porous Si
layer to be covered with a thermally oxidized film.
The surface of the porous Si layer was treated with

15 hydrofluoric acid to remove only the oxidized film on
the surface of the porous Si layer while leaving the
oxidized film on the inner wall of the pores, and the
CVD was then used to allow single crystal Si to
epitaxially grow by 0.3 uym on the porous Si layer. The

20 growth conditions are listed below.

Source gas: SiH,Cl,/H,

Gas flow rate: 0.5/180 1/min.
Gas pressure: 80 Torr
Temperature: 950°C

25 Growth speed: 0.3 pm/min.

Furthermore, a 200 nm thick oxide film (an Sio,

layer) was formed on the epitaxial Si layer as an



25 shutter 406 was opened to inject the high-pressure pure wat er
fromthe nozzle 402 against the thlckness W se center of the side of
t he bonded wafer 401. At this - 72
poi nt, a hol der 404 was rotatedrifo rotate the bonded waf er

401 and hol der 403 The hi gh-pressure water also entered the porous
Si layer to extend the bonded wafer 401, thereby enabling it to be
finally separated into 5 - two. Subsequently, the porous S

| ayer transfemsstdlaing layen harssawbridhesussh aislaftsonsel ectivel y etched by
bei ng stirred using a m xture of 49% hydrofluoric acid and

30% hydr ogen perox'ri'l'ﬁ% ST ERGD P ThERHG e lor ytapargd sppond |Sdyer remai ned
wi t hout bei ng etched, whereas the orous Si | ayer was entire

renoved by setRETRALQHAF Riaced B (R FHHES RS eﬂ?ﬁ' yE 1SYeFa§@r as an
etch stop

Th | | | f 0.2
pm t hi ckness C%tamﬁva?‘?“br%?%]ﬁ%he '%}es&?l%@% ea}ﬁcrglst & 'str{belngyg ygt al Si
| t Si
I 2%;2: V\Weno %‘%i{)o%%g %\)‘( %%%%eﬁ%gﬁne%gmgglr aocieé]offo:[ e "5 ng{ géjir y!st al

Si layer fornggd. - Welesing. measured for thickness, the val ue obtained was
200 nm[err] ?ﬁ An observation of the cross section

by the tranpie Ssbded! SpidOFhtE CFASRAPELA N CalRthddatydiew
crystal defects did not occur in the Si layer and that excel | ent
crystal linitysepsrabedt @bix@s.the apparatus shown in FIG. 4.
A bonded wafer 401 was allowed to stand in the
10 vertical direction.
The bonded wafer 401 was set so as to fit on a
positioning pin 413 and was sucked and held by a holder
404. After the bonded wafer 401 was held in an
accurate position so as to fit on the positioning pin
15 413, the nozzle 402 was moved until it was located
perpendicularly to the top of the bonded wafer 401 and
the distance between the wafer 401 and the nozzle 402
was set at 15 mm. Then, a holder 403 was moved forward
{leftward in the figure) via a bearing 411 until it
20 sucked and held the wafer 40l.
Then, water without abrasive material grains was
fed from a water jet pump 414 to the nozzle 402 for a
specified period of time until the injected fluid was
stabilized. Once the water had been stabilized, a
25 shutter 406 was opened to inject the high-pressure pure
water from the nozzle 402 against the thickness-wise

center of the side of the bonded wafer 401. At this



25 , Thermal treatnment was further carried out in hydr ogen at
1100[ err] C for one hour and the surface roughness was eval uat ed
using the interatonmc force - 73 -
m croscope. The nean square roughness ofga 50-pm square regi on was
about 0.2 nmand was simlar to that of commercially available S
waf ers. Simlar effects can be obtained by formng the 5
.oxide filmon the surface of the second substrate i nstead of the
surface of tpbeimpitaxhaldéay4d4owas rotatédrtongotétenthet hosdedflaces.

In addition, the porous Si |ayer remaining on the first substrate
was sel ecti vep§est éRédapg heldgrs4P3redTheohighupragsurei weters alsd9%

hydrof | uoric acid and 30% hydr ogen peroxi de sol ution. Subsequently,
usi ng eayarﬁaeﬁhanﬁeapvﬁngr 3V ake ??Eéﬁﬁeﬁbesh@ﬁdaé wafence

pol i shi ng, flrst or second substrate coul d eused to repeat
t he above pr%@% heygby enab 1@9n?FaFOrE@uf%ga&EYesﬁﬁ?Eﬁﬁéﬁ bYteeparati ng

waf er s W|n whi ch a separation |layer was formed according to
Exanpleg 2 1593 (Exanmpl e 8) (Diagonal injection) A

first P-type si nglsebgééa&ﬁglg»ib %H.Qgg)&éaeshéx' ﬂgyezotranéfgé'ﬁt Lyity of

0.01 [err] cmwas su anodr zaf'1 on ut1on.
The anodi zat kg8 QQthﬁ'Qﬂﬁsefﬁté'§£§dsQ§EQ%&velfc)tcﬁaﬁrﬁgfbgg?é}fy: 7 (mA

cn[err]) Anodi zation solution err Cerr]Herr =1:1
stirred using a mixture of 49% hydrofluoric acid and
30% hydrogen peroxide solution. The single crystal Si
10 layer remained without being etched, whereas the porous
Si layer was entirely removed by selective etching
using the single crystal Si layer as an etch stop
material.

The single crystal Si layer of 0.2 um thickness

15 was formed on the Si oxide film. The single crystal Si
layer was not affected by the selective etching of the
porous Si layer. When 100 points of the overall
surface of the single crystal Si layer formed were
measured for thickness, the value obtained was 200 nm %

20 3 nm.

An observation of the cross section by the
transmission electron microscope indicated that new
crystal defects did not occur in the Si layer and that
excellent crystallinity was maintained.

25 Thermal treatment was further carried out in
hydrogen at 1100°C for one hour and the surface

roughness was evaluated using the interatomic force



25 Time: 11 (m nute) Thi ckness of the porous Si |ayer: 12

([err]nm) Porous Si was used to forma high-quality

- - epitaxial Si layer and as a separation |ayer:

The thickness of the porous Si layer is_ngg _ limted to the above

val ue but may be between 0.1 to several hundred [err]m 5

This substrate was oxidi zed in an oxygen at nrosphere at 400[err]C for
one hour. The oxidization caused the inner wall of the pores inh the
por ous Si micrbayepel 0 heChvanhedquaich aoufRnesk! y£oxi gozgd film

The surface of the porous Si layer was treated with 10 hydr of | uori c
acid to renoveqoaky trekgioxi dezedbbultn0o@ nm and tvhe sumfaee 0b thetporous
Si |l ayer while | eaving the oxidized filmon the inner wall of the

pores, and thef commercypligsavhéhabdedStowalfkow-single crystal Si to
epitaxially grow by 0.3 [err]mon the porous Si |ayer. The 15 growt h
conditions are |isBddiBarorffects cagg ?c@béééneglé@efpf@FPgrtPﬁH[erﬂ
Gas flow rate: 0.5/180 1/mn Gas pressure: 80 Torr

Tenper at 8r e: QﬁeﬁérﬁPém 9@ theGFHW?ﬁc§p€§dthG serepd] frhffrate

formed on the 1B5HEAN BF &P9 BY5Eage 41 the SPILRZARY FAESFagEr. Usi ng
grernal OXIda&bg%lng it on both g%r§ggggge of a separately prepared second
In addition, the porous Si layer remaining on the
first substrate was selectively etched by being stirred

10 using a mixture of 49% hydrofluoric acid and 30%
hydrogen peroxide solution. Subsequently, using
hydrogen annealing or surface treatment such as surface
polishing, the first or second substrate could be
reused to repeat the above process.

15 Similar results were obtained by separating wafers
in which a separation layer was formed according to
Examples 2 to 4.

(Example 8) (biagonal injection)
A first P-type single crystal Si substrate having

20 a resistivity of 0.01 Q'cm was subjected to anodization
in an HF solution.

The anodization conditions are listed below.
Current density: 7 (mA-cm™?)
Anodization solution: HF: H,0: CCGHOH = 1 : 1 : 1

25 Time: 11 (minute)

Thickness of the porous Si layer: 12 {(um)

Porous Si was used to form a high-quality



25 substrate was placed on the surface of the SiJerr] layer to
contact™ them nutual | y. These substrates were then subjected to
thermal treatnent at 1180C for 5 mnutes

- 75 - for bondi ng. - Avpanded wafer was allowed to stand
in the vertical direction, and high-pressure pure water at

2,000 kgf/cnferr] was jetted fromthe 0.15-nmdianeter 5 nozzl e of the
wat er jet apparatus |ocated above the waf er agai nst the bondi ng

regi on in thephomibal vef elayer and haoughseédmr aiaion heawemn. f or ned by
bevelling, froma direction inclined at an angle a fromthe bonding
interface (surfactye thickness of The ederunadi hedykbyis oppar at us shown
in FIG 4 and the nozzle was disposed as shown in FIG 8 to

i nject the fHipHtedarPsthe rbayeevatue Heuharay be between O.Xugequently,

the porous Si |a er trapnsferred to t he second substrate was
sel ectively B¢ at b9 BEFery vis stirred using a nixture of 49%

hydr of | orlc aci d_an 30% hydr o roxi de solution. The single
cyystalg TP%@e?“?%ﬁ%?F%d”%% ﬂ%g$ %&nbne?%rﬁﬁy 9%her eas the pgrous

Si | ayer was_gn & Yy sele ive etc sing the single
crystal Si I%ﬁ%% s an FD%SQtQ £o & 8 erig*m9 OdelzaJHlonThe singl e

IS ol BRG] g s BB S0,
etching of thgyer to b@OLOYSr&H &ﬁﬂﬁra Vhernd 00y POk M 5284 EfemoOveral
The surface of the porous Si layer was treated with
10 hydrofluoric acid to remove only the oxidized film on
the surface of the porous Si layer while leaving the
oxidized f£ilm on the inner wall of the pores, and the
CVD was then used to allow single crystal Si to
epitaxially grow by 0.3 pm on the porous Si layer. The
15 growth conditions are listed below.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min.
Gas pressure: 80 Torr
Temperature: 950°C
20 Growth speed: 0.3 um/min.

Furthermore, a 200 nm thick oxide film (an SiO,
layer) was formed on the epitaxial Si layer as an
insulating layer, using thermal oxidation.

The surface of a separately prepared second Si

25 substrate was placed on the surface of the Si0, layer to
contact them mutually. These substrates were then

subjected to thermal treatment at 1180°C for 5 minutes



25 surface of the single crystal Si |layer formed were measur ed

for thickness, the value obtained was 201 nm[err] 4 nm

- 76 - An observation of the cross section by the

transm ssion el ectron m croscope indicatesl that new crystal defects
did not occur in the Si layer and that excellent crystallinity was
mai nt ai ned. 5 Thermal treatnent was further carried out in
hydrogen at 1100[err] C for one hour and the surface roughness was
eval uat ed usfomg berdimgeratonmic force m croscope. The mean square

roughness of a 50-[errén1 square_region was about 0.2 nm and was
simlar to that AQPonded vakeeréral dllaved| B®l stapdwanekhe

Simlar effects can_be, obtained QX form ng the oxide filmon the
surface of therstedhadttpstidRe and DIghrRFRSFUEE PRESSURFREER B the
epitaxial |aye r formng i n_bat h rfaces. . 15 In

addi tion, t h%’ é%&o]ﬁgfé?mzl st Jreet%ﬁ‘i]i%émbﬁal%?{ls’a_mm HFG o bstrate was
sel ectiyely LN I.TE [ kX 0£,.49%
hydrofl%oricgéggggaﬁﬁ gﬁ%bga?é£ Eﬁgd?gﬁgﬁagg§o£$%%tgél%#%gﬁ.égﬁbsequently,
usi ng why & 08581 ABBCELE o1 A4 185 80h! £A! HEO! nSHEB Aadu T ace 20

polishing, the firs second substTate” cou ‘reused to repeat
the above preggssSgh the gap theE%ﬂh'Eérﬁééub§5b&€éﬁlﬂﬁéé'EEme¥ separating
in

waf er s whi ch a separation |ayer was formed according to
Exanpl es 2 t@iflection inclined at an angle a from the bonding
interface (surface).
10 The wafer was held by the appératus shown in FIG.
4 and the nozzle was disposed as shown in FIG. 8 to
inject the fluid against the side of the wafer.

Subsequently, the porous Si layer transferred to
the second substrate was selectively etched by being

15 stirred using a mixture of 49% hydrofluoric acid and
30% hydrogen peroxide solution. The single crystal Si
layer remained without being etched, whereas the porous
Si layer was entirely removed by selective etching
using the single crystal Si layer as an etch stop

20 material.

The single crystal Si layer of 0.2 pm thickness
was formed on the Si oxide film. The single crystal Si
layer was not affected by the selective etching of the
porous Si layer. When 100 points of the overall

25 surface of the single crystal Si layer formed were

measured for thickness, the value obtained was 201 nm *

4 nm.



25 (Exanple 9) (A plurality of jets) A first P-type single

crystal *Si substrate having a resistivity of 0.01 [err]cm was

subj ected to anodi zati on - 77 -

in an HF sol ution. The anodi_zaygi on conditions are |listed bel ow.
Current density: 7 (mA cnjerr]) Anodi zation solution: HF: Herr]O
CerrJ]HerrJ]OH=1: 1 : 1 5 Time: 11 (m nute) Thi ckness of the
porous Si layer: 12 ([err]m Porous Si was used to forma-

hi gh-quality ArephbisetivaltiSn loZy @healdods &estfanabiyORheayer .

The thickness of the porous Si layer is not 10 limted to the above
val ue but nay tr@ansstiwsdion) el eikron micreosveps imdidisedd ehaltmew

Thi s substrate was oxidized in an oxygen at nosphere at 400[err]C for
one hour. The a¥isdiadadediects did omisedaure imridye Wdl [Lagkrt hedpahas i n t he
porous Si 15 | ayer to be covered with a thermally oxidized film

The surface offe¥gdlsrtogsrysitaldyiad tiayas aalataiined - hydr of | uori c
acid to renove only the oxidized filmon t he surface of the porous

Si |ayer while | eaRFMaHe treatmend, wais; dprihen 6RTEREd Avér ifal | of the
, dth 0 D of d | L ngl tal Si t

Do Caxi a1y PRy SOABR Tt R o BTG Y S0

condi ti ons_ar ¢l ghed belUeval uated Uity WY 1Rk hohT gLkl err

Gas flow rate:
microscope. The mean square roughness of a 50-pm

square region was about 0.2 nm and was similar to that
10 of commercially available Si wafers.

Similar effects can be obtained by forming the
oxide film on the surface of the second substrate
instead of the surface of the epitaxial layer or
forming it on both surfaces.

15 In addition, the porous Si layer remaining on the
first substrate was selectively etched by being stirred
using a mixture of 49% hydrofluoric acid and 30%
hydrogen peroxide solution. Subsequently, using
hydrogen annealing or surface treatment such as surface

20 polishing, the first or second substrate could be
reused to repeat the above process.

Similar results were obtained by separating wafers
in which a separation layer was formed according to
Examples 2 to 4.

25 (Example 9) (A plurality of jets)
A first P-type single crystal Si substrate having

a resistivity of 0.0l Q'-cm was subjected to anodization



25 Gas pressure: 80 Torr Tenperature: 950[err]C G owt h

speed: 0.3 [err]nmimn. - 78 -
Furthernore, a 200-nmoxide film (an Si Q2 | ayer) was formed on the
epitaxial Si layer, using thernal -~ @yidation. The surface
of a separately prepared second Si 5 substrate was placed on the
surface of the SiJerr] layer to contact them nutually. These
substrates were then subjected to thermal treatment at 1180[err]C
for 5 mnutegn an HF fsorluidoai.ng. The bonded substrate forned
in this manner was 10 separated using the apparatus shown in FIG 9.

A shown in FI G 9Thehangsiigetiondeonddginns @¥ed listed bedowol d both sides
of the bonded wafer 701 so as to stand in the vertical direction.

H gh- pressur £uBEeat densityg & (3 #0900 kgf/cnferr] was jetted against the
gap in the 15 .. wafer 701 faorned by Fle gl%i through the 0.15 mm

nozzl es 702 }‘5’0%41 OEhegoﬁh’rté'QDWanglx 'é¥‘a ﬁgggt Gsds* ? Lhg | ocat ed above
or ontrée Si f. %ﬂe waf er,, froma direction parallel with the

0
bondi ng~i nt er fAce sur(fméélé‘)te) in the bonded wafer. A plurality of

nozzl es mreTr&an%s%cquetg}% %Eog,oq;sr gqgt i %@,Iéﬁg wWhi c(qm;)he hi gh- pressure pure

wat er noved along the gap by beve Thi s operation

al owed the waf er ga-difs $BPH A bed to fdriM @ AR di&porous Si | ayer.
As a result, the SiQ2 | ayer, the epitaxial Si

epitaxial Si layer and as a separation layer.
The thickness of the porous Si layer is not
10 limited to the above value but may be between 0.1 to
several hundred um.

This substrate was oxidized in an oxygen
atmosphere at 400°C for one hour. The oxidization
caused the inner wall of the pores in the porous Si

15 layer to be covered with a thermally oxidized film.
The surface of the porous Si layer was treated with
hydrofluoric acid to remove only the oxidized film on
the surface of the porous Si layer while leaving the
oxidized film on the inner wall of the pores, and the

20 CVD was then used to allow single crystal Si to
epitaxially grow by 0.3 pym on the porous Si layer. The
growth conditions are listed below.

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

25 Gas pressure: 80 Torr

Temperature: 950°C

Growth speed: 0.3 pm/min.



25 | ayer, and part of the porous Si |ayer which were originally
formed ‘'on the surface of the first substrate were transferred to the
second substrate. Only the : - 79 -
remai ning part of the porous Si |ayer reng ned on the surface of the
first substrate. Subsequently, the porous Si |ayer transferred
to the second substrate was sel ectively etched by being 5
stirred using a m xture of 49% hydrofluoric acid and 30% hydr ogen
per oxi de sol uti on. Futtcheimypee, o yWiGdnngioxide filmy@n Sdfgi hedewi)t hout

bei ng etched, whereas the porous Si |layer was entirely renoved by
sel ective et dfshgformed omyshhey amicating Skriayen, Sisingy dhemnadn etch stop
10 materi al . . The single crystal Si layer of 0.2 [err]m

t hi ckness oxi1dgEkoRorned on the Si oxide film The single crystal Si

| ayer was not affegcted b ftheqs3€l ective eéc ig&of tf}i or ous Si
| ayer. \Wen 100 pof? SSEFEAtR W et 9P BeLY TR Dr9 %Myl e crystal

S| aversforpgueree, as pfRARISE 9L M skiess, hhe vl us obtained was

201 nm [err] servation 0O §S s8ction

by the cdAensa %é&%ﬂﬁ%ffﬂe@é@%%%%ﬁtwﬂé halerew 20

crystal defects did not occur t excel | ent

crystal l'ini t ysy@fedBbdl € NEkbrmal treatmend NOE "RlgdfCatd®y w@futdy t her
carried out in hydrogen at 1100[err] C for one hour and the surface

roughness wast&y abodfggUsing the interatomc force
The bonded substrate formed in this manner was
10 separated using the apparatus shown in FIG. 9.

A shown in FIG. 9, the wafer holder 708 was used
to hold both sides of the bonded wafer 701 so as to
stand in the vertical direction. High-pressure pure
water at 2,000 kgf/cm®’ was jetted against the gap in the

15 wafer 701 formed by bevelling, through the 0.15 mm
nozzles 702 to 704 of the three water jet apparatuses
located above or on the side of the wafer, from a
direction parallel with the bonding interface (surface)
in the bonded wafer. A plurality of nozzles were

20 scanned in a direction in which the high-pressure pure
water moved along the gap formed by bewvelling.

This operation allowed the wafer to be separated
into two via the porous Si layer.

As a result, the SiO, layer, the epitaxial Si

25 layer, and part of the porous Si layer which were
originally formed on the surface of the first substrate

were transferred to the second substrate. Only the



25 m croscope. The mean square roughness of a 50-pm square

regi on was about 0.2 nmand was sinmilar to tha of commercially
avai l abl e Si wafers. ' - 80 -
Simlar effects can be obtained by fornmingqgt he oxide filmon the
surface of the second substrate i nstead of the surface of the

epi taxi al |ayer or formng it on both surfaces. 5 I n
addition, the porous Si |ayer renaining on the first substrate was
sel ectively etremedningbeiang st thedporous Susilaged Felhihedobnd e
hydrof l uoric acid and 30% hydr ogen peroxi de sol ution. Subsequently,
usi ng Ispdiegen cfnrvbel ifngser ssbistaaedet.r eat nent such as surface 10
polishing, the first or second substrate could be reused to repeat
t he above process. Subsequently, Sthie| Rorpasuts layes ¢heaisfedrid $eparating
waf er s ILn which a separation | ayer was forned according to

Exanpl es 2 t o tire ?ﬁ?ond SUbStTﬁéebUﬁﬁe&e%épéﬂv@éﬁlGt§P§§ b¥ Sepagat ed
ST Ty DUASLG Sl & PO 00?s Lk ors el bkl (1
T Rt s T DR e L P
Cor Vot "senst 2777 (oRMLRER ML RIS PSR s
C[err]H[err]CHi:l%yérlwhslentirely removed by selective etching
using the single crystal Si layer as an etch stop
10 material.
The single crystal Si layer of 0.2 pm thickness
was formed on the Si oxide film. The single crystal Si
layer was not affected by the selective etching of the
porous Si layer. When 100 points of the overall
15 surface of the single crystal Si layer formed were
measured for thickness, the value obtained was 201 nm +
4 nm.
An observation of the cross section by the
transmission electron microscope indicated that new
20 crystal defects did not occur in the Si layer and that
excellent crystallinity was maintained.
Thermal treatment was further carried out in
hydrogen at 1100°C for one hour and the surface
roughness was evaluated using the interatomic force
25 microscope. The mean square roughness of a 50-pum
square region was about 0.2 nm and was similar to that

of commercially available Si wafers.



25 Time: 11 (m nute) Thi ckness of the porous Si |ayer: 12

([err]m Porous Si was used to forma high-quality

epitaxial Si layer and as a separation |ayer. The thi ckness of
the porous Si |ayer is not i mtedgo-the above val ue but may be
between 0.1 to several hundred pm 5 Thi s substrate was
oxi di zed in an oxygen at nosphere at 400[err]C for one hour. The

oxi di zati on caused the inner wall of the pores in the porous S

| ayer to be cover efimildr aefbectal tyn oxe dozedifednby forminghehsurface of
the porous Si |layer was treated with 10 hydrofluoric acid to renove
only the oxidezddef fibhnopn the surfireeupf athe oftechrd ppubstrstel ayer whil e
| eavi ng the oxidized filmon the inner wall of the pores, and the
CVD was then {R8Hepd af| bhesswyfacer9ft bhe sppibaxial lagertexrially grow by
0.3 [err]mon_the porous Si_|ayer. The 15 growm h conditions are |isted
bel ow. fepmniee 4hsOn PPERr FIEFRERF/ H err] Gas flow rate:
0.5/180 1/ mn. égs fressure: 80 Toré_ Tengerature: 950[err] C
20 G dwh speedi®0333FELP R Fpqy POTOUS S1 layen, FRBERIBIRY QR 2B0PSnm t hi ck

oxi de 111 m (g, SLEPeupecraeh YEL) SURSLOLEPY Q0-EDG BPIbRXE Bl Layer as

an i nsulati'ng rayer, uSThg tnermna Ion.

surface of a gepapakhehyxPLERALEU1§£CRPEArSE1uoric acid and 30%

hydrogen peroxide solution. Subsequently, using
hydrogen annealing or surface treatment such as surface

10 pclishing, the first or second substrate could be
reused to repeat the above process.

Similar results were obtained by separating wafers
in which a separation layer was formed according to
Examples 2 to 4.

15 The bonded wafer could also be separated
efficiently by using a plurality of nozzles in the
water jet injection methods according to Examples 5 to 8.
(Example 10) (Slit jet)

A first P-type single crystal Si substrate having

20 a resistivity of 0.01 Q- cm was subjected to anodization
in an HF solution.

The anodization conditions are listed below.
Current density: 7 (mA:cm™?)

Anodization solution: HF: H,0: CCHOOH = 1 : 1 : 1

25 Time: 11 (minute)

Thickness of the porous Si layer: 12 (um)

Porous Si was used to form a high-quality



25 substrate was placed on the surface of the SiQ2 |ayer to

contact them nmutually. These substrates were then subjected to
thermal treatnent at 1180[err]C for 5 m nutes

- 82 - for bondi ng. Thg honded substrate fornmed in this
manner was separated using the apparatus shown in FIGS. 10A and

10B. 5 A shown in FIGS. 10A and 10B, the bonded wafer was

allowed to stand in the vertical direction, and high- pressure pure
wat er at 800 skjfYastiiadk r9i vieaygretaretl saga nsiparationt Heaygap in the wafer
formed by bevellin t hrough a slit-like nozzle of 0.15 nmw dth and
50 mm | engt h of 118’19 tlt%m%roﬁ etheymrrausu$Si dewtesd iabowe: or on t he side
of the wafer, froma direction parallel with the bonding

interface (surf&cedd %P tihe mhanal Vakue bumheas ke etween 0.1 duat ed
parallel wth the%%{&l nterface (surface) in the bonded wafer
and a |inear F9% injected accurately against the gap

e T Ty B ] B Rl
3,;]92? Egebga%egngég.peﬁz%@vﬁ&?gf%r one haur. ‘lilhe Oq@_ed at| an aI | owed t he
par wo Vi a T he por ous
As a result, dditsedl QGhd anfler LA PRIL Atidlpiies in thel%ﬁxr g part of the
porous Si |ayer which were origi naIIy formed on e surface of the
first substratfrer to beVddrdraSHH ef dratnhe ISeRnd SAlRstdate. Only the
The surface of the porous Si layer was treated with
10 hydrofluoric acid to remove only the oxidized film on
the surface of the porous Si layer while leaving the
oxidized film on the inner wall of the pores, and the
CVD was then used to allow single crystal Si to
epitaxially grow by 0.3 pm on the porous Si layer. The
15 growth conditions are listed below.
Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 1l/min.
Gas pressure: 80 Torr
Temperature: 950°C
20 Growth speed: 0.3 um/min.
Furthermore, a 200 nm thick oxide film (an SioO,
layer) was formed on the epitaxial Si layer as an
insulating layer, using thermal oxidation.
The surface of a separately prepared second Si
25 substrate was placed on the surface of the 8i0, layer to

contact them mutually. These substrates were then

subjected to thermal treatment at 1180°C for 5 minutes



25 remai ning part of the porous Si |ayer remained on the surface
of “the first substrate. Subsequently, the porous Si | ayer
transferred to ' - 83 - t he
second substrate was sel ectively etched gy being stirred using a

m xture of 49% hydrofluoric acid and 30% hydr ogen peroxi de sol ution.
The single crystal Si " layer remai ned without being etched, whereas
the porous 5 Si layer was entirely renoved by sel ective etching '
using the sifepg oonddral Si | ayer as an etch stop mat eri al .

The single crystal Si layer of 0.2 pmthickness was formed on the S
oxide film The sThglkordgdisubsiratg forqed ein ERismotarnerciasl by the

sel ective etching of the porous Si |ayer. Wen 100 points of the
overal | sepatated cuBing Hehe i IRPFITYI t3OG $2yRBECS or I e
measured for_thickness, the value obtai ned was 201 nm 4 nm 15
An observatit®of the cross section by the transm ssion el ectron

m croscope indica{\eS t hat. n ect.s did.not_occur in the

d
Si laye? and that own %&S%#?%ht}%%ié% }_l%fféh%ago FHt AT hey. was
:ergﬁg Lgﬁfﬁgﬁ%&?ﬁgﬁofQﬁéﬂgriﬁafﬁéeg ﬁg cafl dfgectiggggggﬁnhf p1100[err] C

e
surtace ro ness wasS eva ustT ng t he

Squar o T egi oRt RS BT B HE and wod e, T TRy @ S0
comrerci al | ycp¥agapbis She VRALES. formed by bevelling, through a
slit-like nozzle of 0.15 mm width and 50 mm length of
10 the water jet apparatus located above or on the side of
the wafer, from a direction parallel with the bonding
interface (surface)} in the bonded wafer. The slit was
located parallel with the bonding interface (surface)
in the bonded wafer and a linear flow of water was
15 injected accurately against the gap in the wafer formed
by bevelling. A plurality of nozzles were scanned in a
direction in which the high-pressure pure water moved
along the gap formed by bevelling.
This operation allowed the wafer to be separated
20 into two via the porous Si layer.

As a result, the SiO, layer, the epitaxial Si
layer, and part of the porous Si layer which were
originally formed on the surface of the first substrate
were transferred to the second substrate. Only the

25 remaining part of the porous Si layer remained on the

surface of the first substrate.

Subseguently, the porous Si layer transferred to



25 Simlar effects can be obtained by form ng the oxide film
on the'surface of the second substrate I nstead of the surface of the
epi taxi al |ayer or - 84-

forming it on both surfaces. - d® addition, the porous Si |ayer
remai ni ng on the first substrate was selectively etched by being
stirred using a mxture of 49% hydrofluoric acid and 30% 5

hydr ogen peroxi de solution. Subsequently, using hydr ogen anneal i ng
or surface triget metond chulastsard aces selectipotlshetched Hey figistg or second
substrate could be reused to repeat the above process.

Similar resulstizeed whing reduimteeparatdidy imimﬁluqxﬁc a¢id winich a
separation layer was formed according to Exanples 2 to 4.

(Exanmpl e 11) I hrvIregentpexeyide solution. Angh%ngeﬁnscﬁﬁss%t% Shbstrate
of quartz was WH?E epared. as a second suhstrate. N err]

pl asma proce§s‘?¥@r 2Hped it tRPE hPRIRG fkFRRd. Where"l‘%e“%ﬁ:é?‘?’?‘b‘fl or to
bondi dt t { {.at 40 Cf 100
our s “Then, Thelmer vas "Sh %’af%eﬂ%m%‘ﬁ%fiab%y%%dlooi’ﬁl‘?%rew fi&hing 1 he SO
f t OOOC 20
?grtﬁfg case, " g%%:%? gg?ﬁ?{%q%gﬁgéaf3§{'f&&é&'aé- %Qf fer ocess is the

sane as in Exguplesail to If a transparent Ssubstrate
of an insul ating mat eri al |s used as the second substrate, the oxide

The single crystal Si layer of 0.2 um thickness
was formed on the Si oxide film. The single crystal Si

10 layer was not affected by the selective etching of the
porous Si layer. When 100 points of the overall
surface of the single crystal Si layer formed were
measured for thickness, the value obtained was 201 nm %
4 nm.

15 An observation of the cross section by the
transmission electron microscope indicated that new
crystal defects did not occur in the Si layer and that
excellent crystallinity was maintained.

Thermal treatment was further carried out in

20 hydrogen at 1100°C for one hour and the surface
roughness was evaluated using the interatomic force
microscope. The mean square roughness of a 50-um
square region was about 0.2 nm and was similar to that
of commercially available Si wafers.

25 Similar effects can be obtained by forming the
oxide film on the surface of the second substrate

instead of the surface of the epitaxial layer or



25 film(the insulating |ayer) fornmed on the surface of t he
epttaxial Si layer in Exanples 1 to 10 is not necessarily inportant.
However, to space the epitaxial -
85 - Si layer on which elenents_sggh_as transistors wll
subsequently be fornmed, fromthe bonding interface to reduce the
effects of inpurities in the interface, the oxide film(the
insulating layer) is preferably fornmed. 5 (Exanpl e 12) (GaAs on Si)
Exanpl es 1 t oféPmenygl dtbensbathashyfaopkenent ed by form ng the
epitaxial |ayer of a conpound sem conduct or represented by GaAs.

In this case, the prnesddigioh,thbewpbepugebiwhayetOremaimmingabnethat 500 to
3,500 kgf/cnferr] and the nozzle had a di aneter of 0.1 mmor nore
(hal f that of finett suhbtrate waposgddcharelyt atehadsby. being stirredThe

nmet hod for allowi ng the GaAs epitaxial |ayer to grow on the porous
Si layer is nesinpgnptBdxtyrenef 48% hEﬁGPﬁ%?ﬁﬁacbﬁﬁlﬁa?nﬁe3pﬁpIenented by
vari ous netho such as the MBE, sputterlng and |liquid phase growth
met hods. 3The PHPERH@gsPSFOFﬁF§ FS}BF1P§ bePHBERIUENTLY, SHF&PH] nm and
several - hundr ed n eac h X t he sel ective
ctoning 20 SYARGHPR PBPoPRAnFORY ROFARCE: FORSTRSEE SHCBorBUS T EpEr

s not 1im tefloh9shRM Xhur 05433 BUALAK! UAbLE-8Ebdoou1a pednd 30%

hydr ogen per oXi de so flon rmous surface area,
the porous Si  L.gyeh %B”rQSeat the gbg@gdpggbggsghe follomnng l'i quids:

Similar results were obtained by separating wafers

10 in which a separation layer was formed according to
Examples 2 to 4.

(Example 11) {(Quartz substrate)
A light-transmissive substrate of quartz was
prepared as a second substrate.

15 N, plasma processing was applied to the surface of
the quartz prior to bonding and thermal treatment was
carried out at 400°C for 100 hours. Then, thermal
treatment under hydrogen for flattening the SOI surface
after separation was carried out at less than 1000°C,

20 in this case, 970°C for 4 hours.

The other process is the same as in Examples 1 to
10.

If a transparent substrate of an insulating
material is used as the second substrate, the oxide

25 film (the insulating layer)} formed on the surface of
the epitaxial Si layer in Examples 1 to 10 is not

necessarily important. However, to space the epitaxial



25 Hydr of | uori c aci d; Hydrof l uoric acid + al cohol
Hydrof l uoric acid + al cohol + hydrogen peroxide

- 86 - sol ution; Buf f ered hydrofl uoric acid,

Buf fered hydrofluoric acid + alcohol; . gs - Buffered hydrofluoric acid +
hydr ogen peroxi de solution; 5 Buf fered hydrofluoric acid + al cohol +
hydr ogen peroxi de sol ution; a m xture of hydrofluoric,

nitric, and acetic acids. The other steps are not limted to
the conditioss layer am witiede edeamntss smeh ey itoesdisterscoridilt i ons can be
10 used. (Exanpl e 13) (Rotation of the wafer) A

di sc-1i ke P-tspbseguegitd v ibes tfarmgid  wdfrom Hha dpnding igbeadfiage oy of
0.01 [err] cmwas prepared as a first Si substrate and had its

surface subj &GS Fhanafifemtisort igpuritiesm ior 9§ dmiterface, the The
anodi zation condjtions are |isted bel ow . Current density: 7 (mA
crerr]) oxidg, fdibmilide dostliadHroHR-aYigTer r’istlpxﬁ%?erﬁa]/r@qd: 1: 1 :
1 Time: . 11 (im e) 0 ickness of the porous Si |ayer: 12
([err]ny ”%Examplefx#%sRﬁé&ﬁ‘vbggﬁxidized in an oxygen atnosphere at
400[ err] C for oneﬁgggr T | di ' u 1 [ ] of the
pores in the porous 'p]leaé;gr q%&oqbotzaq%:dél\?‘“e%} g% Sﬁq“ll%%vjﬁ}{]h@%{f]ﬁ%“&nn%%%xi di zed
film The surdaefff €€ epitaxial layer of a compound semiconductor

represented by GaAs.
In this case, the pressure of the water jet was
10 maintained at 500 to 3,500 kgf/cm® and the nozzle had a
diameter of 0.1 mm or more (half that of the total
bonded wafer thickness).
The method for allowing the GaAs epitaxial layer
to grow on the porous Si layer is not limited to the
15 CVD method but may be implemented by various methods
such as the MBE, sputtering, and liquid phase growth
methods. The thickness of this layer is between
several nm and several-hundred pm.
In each of these examples, the selective etching
20 liquid for the ion implantation layer or porous layer
is not limited to the mixture of 49% hydrofluoric acid
and 30% hydrogen peroxide solution, but due to its
enormous surface area, the porous Si layer can be
etched using the following liquids:
25 Hydrofluoric acid;
Hydrofluoric acid + alcohol;

Hydrofluoric acid + alcohol + hydrogen peroxide



25 porous Si layer was treated with hydrofluoric acid to renmove

only the oxidized filmon the surface of the porous Si | ayer while

| eavi ng the oxidized filmon the -
87 - inner wall of the pores, -amghkthe CVD was then used to

allow single crystal Si to epitaxially grow by 0.3 [err]m on the
porous Si |ayer. The growh conditions are |isted below. 5
Source gas: SiHerr]d[err]/Herr] Gas flowrate: 0.5/180 1/ mn.

Gas pressur e: S@uThen; Tenperature: 950[err]C G owt h speed:
0.3 [err]lmmn. 10 Furthernore, a 200 nmthick oxide film(an Si Q2
| ayer) was foPwEleredthedepfliuerit Sidayer as an i nsul ating | ayer,
usi ng thermal oxi dation. Besides the first substrate forned in

this nmanner, Buffereqd hydeoflwerit 3@fdr+ vRkCPrebared as a second Si 15

bstrate. Th f f.th d_Si_subsirat _pl aced
on the sui facBeBFeTRR FererffoTtyerctt i rapt peronidd lifishe To

cont act %hen1gg%fg%%gigggfgglﬁ%gférgég@ . a%9%$gfr§ ﬂ$§§b%#9jected to

thermal Treatnen err or nut es ondi ng.
Next, preparafiLpng:der §ciRdeL0 separate the conposi te nenber
consi sting o?ﬁthe %ondea wa %r'using t he apparatuses shown in FIGS.

&;é 15, and 14 h@x2@re of hydrofludPfcVWehetri®hi §RAi ScébEc CORDESI te nenber,

The other steps are not limited to the conditions
in these examples but various other conditions can be

10 used.
({Example 13) {Rotation of the wafer)

A disc-like P-type single crystal Si wafer having
a resistivity of 0.01 Q-cm was prepared as a first Si
substrate and had its surface subjected to anodization

15 in an HF solution.

The anodization conditions are listed below.
Current density: 7 (mA-cm™?)

Anodization solution: HF: H,0: C;H:OH = 1 : 1 : 1
Time: 11 (minute)
20 Thickness of the porous Si layer: 12 (um)

This wafer was oxidized in an oxygen atmosphere at
400°C for one hour. The oxidization caused the inner
wall of the pores in the porous Si layer to be covered
with a thermally oxidized film. The surface of the

25 porous Si layer was treated with hydrofluoric acid to

remove only the oxidized film on the surface of the

porous Si layer while leaving the oxidized film on the



25 | ocated so as to stand in the vertical direction while fitting
on the 'notch in the positioning base 35. Pressurized air was
supplied fromthe tubes 52 and 54 to the pressurizing
passage 56, and the hol ding secti-ong7 45a and 46a were noved forward
to the front and rear surfaces of the wafer, respectively, in order
to abut the front and rear surfaces of the wafer wwth 5 t he hol di ng
surface of the holding sections 45a and 46a each having an opening
op, respectivietyer ggakhonh the poresFlamd 1ghe CVD was thersegedthe tubes 51
and 53, the wafer was sucked cand fixed to the holding sections 45a
and 46a. The 24PV sipghe corstibsThrio RPhFexiRsl gt Fppedeand- 3 ew8i on was
supplied to the wﬁfer in the,qf osite normal directions, of the front
and rear surfReEPOfPPRRUS P Er Ty thee growthgpenditions sme4s.

Wth the shutfer Q%]clgsed, pure water w thout 15 abrasive grains was
fed forcefull%l?F% ba O%Unp 62 to the nozzle of 0.15 mm di aneter

and the punp . s rated to inject water at a pressure of about
200 J kg %%%%é gas: Slgﬁﬁ??ﬁhe posi tioning base 35 was noved to its

standby 20 590814400 +@80dgt e POVWEFiQ. t he notor 32 was turned on
to transmt rotational drive force via the shaft 31 and belts 27 and

28 in order t@asohpb8stbe: hehdessr21 and 22. Si nce the
waf er was sucked by the hol di ng sections

Temperature: 950°C
Growth speed: 0.3 um/min.

10 Furthermore, a 200 nm thick oxide film (an SiQ,
layer) was formed on the epitaxial Si layer as an
insulating layer, using thermal oxidation.

Besides the first substrate formed in this manner,
a disc-like Si wafer was prepared as a second Si

15 substrate.

The surface of the second Si substrate was placed
on the surface of the Si0, layer of the first Si
substrate to contact them mutually. These substrates
were then subjected to thermal treatment at 1180°C for

20 5 minutes for bonding.

Next, preparations were made to separate the
composite member consisting of the bonded wafer using
the apparatuses shown in FIGS. 14, 15, and 17 to 20.

The wafer, which is the composite member, was

25 located so as to stand in the vertical direction while
fitting on the notch in the positioning base 35.

Pressurized air was supplied from the tubes 52 and



25 45a and 46a, it started to rotate sinmultaneously with t he

hol ders 21 and 22 at the sanme angul ar speed in the sane direction.

- 89 - The shutter 61 was opened to inject the water jet

agai nst the separation portion in the sidsggof the waf er, as shown in
FIG 109. Water fromthe water jet apparatus entered the 5
pores in the separation portion to separate the wafer around t he
porous |ayer that is the separation portion. As the injection

of the water jéttarthe herestwining passagd Ghe awd ethaedmldivg the gap
formed by separation é:;r adually grew fromthe periphery of the wafer
toward 10 Se¢&ieRs Ajdrand cHin arepmdlayre WEPEFraxd Ut Hee finat y

separated as shown in FIG 20. Since the wafer was subjected to
forces in the?nd Trear FypkAGRMLE IR W idns TeSReRETEih FIGozier t he
waf er was separated as shown in FIG 20, sipultaneously with 15

the final sept? @P%h bre tHePRbiaRd rRdT S EFCTT Thethe watengigh

Sub tly, the f df i t , St d

sopar ot i B e LD BT, O MR Hoting recet SIPPRH 4 40K s6a
20 S | Qi | t f d
fo the secondiohaiibite A BEIE O, PGS BYilas shown 'UFT) 04" ©

using a m xt ugeg0f149% hydr of l uori ¢ acid and 30% hydrogen peroxi de
sol uti on. The transferred single crystal Si |ayer under the

Using the tubes 51 and 53, the wafer was sucked
and fixed to the holding sections 45a and 46a. The
10 supply of pressurized air was stopped and tension was
supplied to the wafer in the opposite normal directions
of the front and rear surfaces of the wafer using the
springs 47 and 48.
With the shutter 61 closed, pure water without
15 abrasive grains was fed forcefully from the pump 62 to
the nozzle of 0.15 mm diameter and the pump 62 was
operated to inject water at a pressure of about 200
kgf/cm?.
The positioning base 35 was moved to its standby
20 position, and the power to the motor 32 was turned on
to transmit rotational drive force wvia the shaft 31 and
belts 27 and 28 in order to rotate the holders 21 and
22,
Since the wafer was sucked by the holding sections
25 45a and 46a, it statted to rotate simultaneously with
the holders 21 and 22 at the same angular speed in the

same direction.



25 porous |ayer remained w thout being etched, whereas the por ous
Si layer was entirely removed by sel ective et ching using the single
crystal Si layer as an etch - 90 -
stop material, thereby exposing the thin 8gngle crystal Si | ayer.
Thus, a first SO substrate having the single crystal Si layer of 0.2
[err]mthickness on the Si oxide 5 filmof the second substrate was
obtai ned. The single crystal Si layer was not affected by the

sel ective et €henghuttehebpovansosenedyte. inhent 100e poibes détt he
overal | surface of the single crystal Si |ayer formed wer e nmeasured
for thickness29ghBstathe spParabionagoYbion1pn thappidenpf the An
observation of the cross, section bé t@g transm ssion el ectron

m croscope i ndPEEF ed2BhEPoHRWAD FI ystal defects did not occur in the

Si | dth d. 15
TLerﬁgFrt?Qat;Eﬁ: WﬁgeFuFFﬁ@r %§p§?§é¥§ig |ﬁppa¥a%ash§8#%%§§n§?e1100[err]C

for 50 mhnuteoand Lhe el (858rarion pLONGNNCHS MBS RYALUBhEd UsLn0 Lhe

interatofnic f nmean s e foughngs& of a 50- pm

squar e reQ'Ona¥@§nabQHE Bogoﬂgllaggr that lsl@hédgég?99t159$989£9ﬁ§ Si

| ayer remaining on t substrate was selective et ched by
bei ng stirred As '&ﬁbngnﬁe&’tléﬁrSfoi:hégw/%l%gr 9EtugrictRsi Ho8adi 3%

hydr ogen peroxi de sol uti on. Subsequently, surface treatment such as
pol i shi ng wasofatheedadidl. continue, the gap formed by separation
gradually grew from the periphery of the wafer toward
10 its rotational center and the wafer could be finally
separated as shown in FIG. 20.

Since the wafer was subjected to forces in the
directions shown arrows TA and TB in FIG. 20, the wafer
was separated as shown in FIG. 20, simultaneously with

15 the final separation of the rotational center of the
wafer.

Subsequently, the forced feeding of water was
stopped and the separated wafer was removed from the
holding sections 45a and 46a.

20 Subsequently, the remaining porous Si layer
transferred to the second substrate was selectively
etched by being stirred using a mixture of 49%
hydrofluoric acid and 30% hydrogen peroxide solution.
The transferred single crystal Si layer under the

25 porous layer remained without being etched, whereas the
porous Si layer was entirely removed by selective

etching using the single crystal Si layer as an etch



25

The first substrate, which had been polished, was
subj ected to anodi zation to forma porous S

| ayer and nonpor

single crystal Si was allowed to

91 -

crystal Si
the surface of a separately prepared Si wafer that was a third
substrate was bonded on the 5 oxi di zed surface of the single cry
| ayer of the stop matérsal subisereltye.exposing the Thénceohnyle omsy$soalt he

above process were the sane
pr oducti on.

10

as in the first separation nethod described, above to

| ayer, which had growmn epitaxially, was

grow t hereon. The surface ofgghe nonporous single

as those for the first bonded-waf

again
ous

oxi di zed. Then,

st al

er

Si layer. The wafer was again separated in the sane manner

obtain

second SO subst r atB4fRav? nfiiFie SQhgFePretyRte having the siggleon the

I nsul ating surfac

The above

f . th hird b A )
process was r%ﬁ%ﬁf@g ?% f%%?%{%ft%ez ﬁ%sghféigégssﬁﬁsfv%l%liﬂxb Qer to
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eparation regron w amagi ng or dest
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were measured for thickness, the wvalue obtained was 201
nm * 2 nm.

An observation of the cross section by the
transmission electron microscope indicated that new
crystal defects did not occur in the Si layer and that
excellent crystallinity was maintained.

Thermal treatment was further carried out in
hydrogen at 1100°C for 50 minutes and the surface
roughness was evaluated using the interatomic force
microscope. The mean square roughness of a 50-pum
square region was about 0.2 nm.

In addition, the porous Si layer remaining on the
first substrate was selectively etched by being stirred
using a mixture of 49% hydrofluoric acid and 30%
hydrogen peroxide solution. Subsequently, surface
treatment such as polishing was carried out.

The first substrate, which had been polished, was
again subjected to anodization to form a porous Si

layer and nonporous single crystal Si was allowed to
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3. The method according to Claim2 wherein a

VWHAT | S

CLAIMED | S: 1. A nmethod of separating a conposite nenber

having a plurality of nenbers as nutually bonded, at a position
different fromthe bonding position of theg, _5 plurality of nenbers,
conprising jetting a fluid agai nst” a side surface of the conposite
menber to separate the conposite nenber. : 2. The net hod
according to Claim1l wherein the 10 conposi te nenber has inside one of
the nmenbers agrow thef6PAlalTRE $€HE8&8e CON! BhdI AGnPLESOSAYihgEs and the
fluid is jetted agai nst the nei ghborhood of the separation region to
Separate it iotpstAk piulalety which had §roberspatawindiiype weparation

recessed portesndigefior nBdengathéhsusépaeadfoa segavately prepabhedrecessed
portion receiving the fluid to extend the separati on region.
4. The nethoﬂlaﬁéﬁﬁéiﬁ@atowéﬁaﬁnthmﬂeﬁébﬁtFﬁée was bor@pdremni vher egi on

has a | ower

mechani cal strength than he bondi ng_ position.

20
25

5. The ﬁethoﬂxéééﬁ?alﬁ@rfécﬁjﬁanQEMEéPéiﬁ ?ﬁﬁStal 81 %%%%Fa?foﬁh?eglon

conprises a
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The conditions for the above process were the same
as those for the first bonded-wafer production.

The wafer was again separated in the same manner
as in the first separation method described above to
obtain a second SOI substrate having the'single crystal
Si layer on the insulating surface of the third
substrate.

The above process was repeated to recycle the
first substrate in order to fabricate a third and a
fourth SOI substrates.

As described above, this invention enables a
composite member having a separation region inside to
be separated into a plurality of smaller members arocund
the separation region without damaging or destructing
those portions other than the separation region.
Therefore, this invention enables semiconductor
substrates with higher quality than the conventional
ones to be fabricated easily and reliably with a high

yield.



- 93 - | anodi zat i on. 6. The nethod according to Claim
2 wherein the separation region can provide mcrocavities forned by

5 i on inplantation. 7. The nethod according to Caiml
wherein as the met hod of jetting thefluid a water jet nethod that
jets a flow of high-pressure water froma nozzle is 10 used.

8. Menbers obtained by the separation nethod according to Claiml.
15 9. A nmethod of producing a sem conductor substrate’
conpri sing the&VEATEpsS GILAIMED IS: preparing on a substrate a first
substrate having a porous single crystal sem conductor |ayer and a
nonpor ous singl e cryystd meEichndl cepatagyisrg pr exompessit20 membasx t he porous
single crystal sem conductor |ayer, bonding the first substrate
to a second sUESting & pluraliyy fofr merhenmost atusridler banitkd, at a
jetting a fluid to the vicinity of the porous_, single crystal

seni conduct or BeFFTi dE TG RoGar Y bopdiRg Residteisur tfe thve conposite

menber at_ t he porous, si.ngl e crystal sem conductor |ayer.
5 éiura ity of membé}s, caﬁpéising jetting a fl&gd

against a side surface of the composite member to

separate the composite member.

2. The method according to Claim 1 wherein the
10 composite member has inside one of the members a
separation region containing microcavities and the
fluid is jetted against the neighborhood of the
separation region to separate it into the plurality of
members around the separation region.
15
3. The method according to Claim 2 wherein a
recessed portion is formed near the separation region,
the recessed portion receiving the fluid to extend the
separation region.
20
4. The method according to Claim 2 wherein the
separation region has a lower mechanical strength than

the bonding position.

25 5. The method according to Claim 2 wherein the

separation region comprises a porous layer formed by

e



- 94 - | 10. The nethod according to Caim9 wherein a
recessed portion is formed near the porous single crystal

sem conductor |ayer of the conposite nmenber, : the recessed portion
receiving the fluid to extend the 5 poggus single crystal sem conductor
| ayer . 11. The met hod according to Claim9 wherein the
porous single crystal sem conductor |ayer has a | ower nmechani cal
strength than the bondi ng surface between 10 the first and second
substrates. @anodization. 12, The nethod according to Claim9 wherein the
porous single crystal sem conductor |ayer is formed by anodi zati on. .
15 13. The nmethod according to Caim9 wherein as t he
nmet hod of jetting the fluid a water jet nethod that jets a flow of
hi gh- pressure wat eP-f r ShPamRbRefearsording tasgdaimygd wherein the 14 Tne
met hod according to . Claim9 wherein the, , _first subs%ratedi formed by
partly maki ngSEPEFRGILED region pal: Rro¥ifp BhCERGEYFEEESpoPolEYt B8Yform a
por ous .si.ngle.crystal silicon |layer and allow ng a nonporous 25
single c?ysta ggi P@%ﬁn¥5§é9nfo grow epitaxially on the por ous
single crystal silicon |ayer.

7. The method according to Claim 1 wherein as the
method of jetting the fluid a water jet method that
jets a flow of high-pressure water from a nozzle is

10 used.

8. Members obtained by the separation method

according to Claim 1.

15 9. A method of producing a semiconductor
substrate comprising the steps of:
preparing on a substrate a first substrate having
a porous single crystal semiconductor layer and a
nonporous single crystal semiconductor layer provided
20 on the porous single crystal semiconductor layer;
bonding the first substrate to a second substrate
to form a composite member; and
Jjetting a fluid to the wvicinity of the porous
single crystal semiconductor layer of the composite
25 member to separate the composite member at the porous

single crystal semiconductor layer.

UL



- 95 - 15. The method according to C aim 14 wherein the
first and second substrates are bonded mutually via at | east one
insulating | ayer and the insulating |layer is formed by oxidizing the
surface of the nonporous single 5 crystal -silicon |ayer.

16. The met hod according to Claim9 wherein the second substrate
conprises a |light-transnmn ssive substrate. 10 17. The
met hod according to Claim9 wherein the second substrate conprises a
silicon substrate. 10. The methodl8ccardénpgoticofipivdlcwhgraiseai conduct or
15 substrate conprising the steps of: i mplanting ions into
a first substrgceseefpprsitagn is formedi ngpe &hgsparcyenpéngdactor at a
predet ermi ned depth . to forman ion-inplanted | ayer such that a
mcrocavity Crystalagepicgrdyetent apred; ofoghe compospgdraRPeke fir st

substrate and second sgbstrate . to eagh %%her via an insu]ating
| ayer t her ebefWBefeEESSed POTEipR, 1eChigsRe: &PRefblfd fRgextend the

jetting fluid _agai nst the vicinity of the ion- i mpl anted | ayer of
the conpdsitePé grSﬁggégp5F§F§aéhéemégonguggﬁﬁogﬁygrﬁenber at the

Il on-inplanted | ayer. 19. The nmet hod according to C aim 18
wherein a

1i. The method according to Claim 9 wherein the
porous single crystal semiconductor layer has a lower
mechanical strength than the bonding surface between

10 the first and second substrates.

12. The method according to Claim 9 wherein the
porous single crystal semiconductor layer is formed by
anodization.

15

13. The method according to Claim 9 wherein as
the method of jetting the fluid a water jet method that
jets a flow of high-pressure water from a nozzle is
used.

20

14. The method according to Claim 9 wherein the
first substrate is formed by partly making a single
crystal silicon substrate porous to form a porous
éiﬁgle crystal silicon layer and allowing a nonporous

25 single crystal silicon layer to grow epitaxially on the

porous single crystal silicon layer.

L




- 96 - recessed portion is formed near the ion-inplanted | ayer

in the conp05|te menber, the recessed portion receiving the fluid to
extend the ion- |nplanted | ayer. 5 20. The nethod according to
Claim 18 wherein the i on-i npl ant edgkayer has a | ower mechani cal
strength than the bondi ng surface between the first and second
substrates. 10 21. The nethod according to Caim 18 wherein as
the nethod of jetting the fluid a water jet nethod that jets a flow
of high-pressure wadber FhenmgthodzpBecprding to Gdedm 14 sherein the22. A
sem conduct or substrate produced by using the nmethod according to

Cl ai m 9. first and §3°°Ads§i§§F§FPGﬁSaB§&r bopsegxBuupidyt Néa at

separation method accor to Claim1l 24. The separation
appar at us accgﬁﬁﬁﬁgoPﬁ %Pﬁgﬁﬁtlng la§§rwﬁ89eFHealPFB%aSFthéaﬁﬁﬁl&Sls

jetted b d f tti fl

b br obsur e 18rhd8 by oxialBEG kRS THLRRSs OF kAL BHp3r5u8" s hare
separatlgn apgg&g%gﬁ ggﬁg ghnga§ngIa|m 24 wherein the conposite
nmenber and thé nozzle aré

16. The method according to Claim 9 wherein the
second substrate comprises a light-transmissive
substrate.

10
17. The method according to Claim 9 wherein the

second substrate comprises a silicon substrate.

18. A method of producing a semiconductor
15 substrate comprising the steps of:
implanting ions into a first substrate comprising
a single crystal semiconductor at a predetermined depth
to form an ion-implanted layer such that a microcavity
layer can be obtained:;

20 bonding the first substrate and a second substrate
to each other via an insulating layer therebetween to
form a composite member; and

jetting a fluid against the vicinity of the ion-
implanted layer of the composite member to separate the

25 composite member at the ion-implanted layer.

19. The method according to Claim 18 wherein a

R ) R



- 97 - noved relatively to scan the flow of water.

26. The separation apparatus according to Claim 25 wherein the
conposite nenber is fixed while the 5 nozzle is scanned in order to
scan the flow of water. 21.gghe separation apparatus
according to Caim 26 having a hol der for holding the conposite
menber; a nozzl e horizontal novenent nmechanismfor noving the 10
nozzle in the horizontal direction along the bonding position of the
conposi t e nat eefcabsedngoatihonzis formed meari thé hovebwplantediabapearf or

adj usting the verti cal di stance between the conposite nmenber and the
nozzl e. 15in the copgositpemenberat tha appassedspractdedi ngecedvihai m

26 having a nechani sm for scanning the nozzle in such a way as to
draw a fan ar8badfauddpser erfgnporhe. ion-implanted lagerthe separation
apparatus according to Claim 20 26 wherein the nozzle rotates around
the conposite menber . 30. The separation apparatus
according to d ai 26 ipcl.udin pluraljty.of the nozzles. 25

31. The eparatiogbgppawg?u@egg88r8Fﬁ rabgglgpnkiglm 152§hﬁﬁ%?8iﬁh?he
conposite nEn?SE—EEpigﬂ@ggdlggékehggea lower mechanical strength

than the bonding surface between the first and second

substrates.

10 21. The method according to Claim 18 wherein as
the method of jetting the fluid a water jet method that
jets a flow of high-pressure water from a nozzle is

used.

15 22. A semiconductor substrate produced by using

the method according to Claim 9.

23. A separation apparatus executing the

separation method according to Claim 1.

20
24. The separation apparatus according to Claim
23 wherein a flow of the fluid is jetted by using the
water jet method for jetting a flow of high-pressure
water from a nozzle.
25

25. The separation apparatus according to Claim

24 wherein the composite member and the nozzle are

W



nozzle is fixed in order to scan the flow of water. 32. The
separation apparatus according to Claim 31 having a rotation

mechani smfor rotating the 5 conposi te nenber. 33. The
separation apparatus according to Claim. g7 - 32 wherein the nozzle is

| ocated so as to be directed toward the rotational center of the
conposite nenber. 10 . 34. The separation apparatus according to
Claim 32 having a rotation holding nmenber for holding the '
rotational cemp¥edofeih&ivedpospdt ecapnbbe. £lowldf water. 35. A separation
met hod conprising the steps of: rotatably holding a first
surface of a conposite menber having a plurality of nenbers as

nmut ual | y bonded bx using a first hol der; ) rotat ably
hol di ng  a second s@Pfac&h8f SERETgtder apparatps,acegrpéspt &onbABéR by using
a second hoIdS%; rotatingtthe first econd holders in

. . nd )
synchr oni sm J@P?FﬁénaFPFuPﬂmBgﬁFﬁ mFHQeEn&Ss%FFQ ewhile F §f the
Composi 18 menbBFaRAY 6SASERAPaT) 1Y 5AS 5 SRRNEPS {1PRg R A ErAr (i ng
poi nt the portion on which the fluid has been jetted.
27. The separation apparatus according to Claim
26 having a holder for holding the composite member; a
nozzle horizontal movement mechanism for moving the
10 nozzle in the horizontal direction along the bonding
position of the composite material; and a nozzle

vertical movement mechanism for adjusting the vertical

distance between the composite member and the nozzle.

15 28. The separation apparatus according to Claim
26 having a mechanism for scanning the nozzle in such a

way as to draw a fan around a supporting point.

29. The separation apparatus according to Claim
20 26 wherein the nozzle rotates around the composite

member.

30. The separation apparatus according to Claim
26 including a plurality of the nozzles.

25

31. The separation apparatus according to Claim

25 wherein the composite member is scanned while the



- 99 - 36. The separation nethod according to C aim 35
wherein the fluid is jetted against a separation position different
fromthe bonding position of the conposite nenber. 5 37.
The separation nethod according to daimg3g - wherein a recessed
portion is provided in the end surface of the conposite nenber and
the fluid is jetted " against the bottomof the recessed portion. 10
38. A separation apparatus conprising a first hol der for rotatably
hol di ng a firBezglef dsefoked dnsorder to staketbenfoeiwtefneaber. having a
plurality of nmenbers as bonded nutual ly; a second hol der for
rotatably holding 15 a second surface of the disc-like conposite

menber ; synghronizing means for allow ng the first and second
hol ders during rotatronTh8 SYRERREHP? cPRBRHAFNS: 2§RATEING to ChasR| e t hat

] et fluid [nst _th f f th ] it nber, which
s rotating, PR BRUSPILS Z96ationcBSrhioRiPReteE pOREL RerbEr into &

plurality of . sing as a starting point the position on which
the flui hascgggﬁsfggggg&geg‘ 39. The separation apparatus
according to Cdaim 25 38 having neans for setting the position of the
nozzl e so that the fluid is jetted against a separation

position different3kromrhReshpadhRdoR0spbheA+AE bBEording to Claim
32 wherein the nozzle is located so as to be directed
toward the rotational center of the composite member.
10
34. The separation apparatus according to Claim
32 having a rotation holding member for holding the

rotational center of the composite member.

15 35. A separation method comprising the steps of:
rotatably holding a first surface of a composite
member having a plurality of members as mutually bonded
by using a first holder;
rotatably holding a second surface of the disc-
20 like composite member by using a second holder;
rotating the first and second holders in
synchronism; jetting a fluid against the end surface
of the composite member, which is rotating; and
separating the composite member into a plurality
25 of members using as a starting point the portion on

which the fluid has been jetted.

L



- 100 - conposi te nenber . 40. The separation

apparatus according to Caim 38 wherein a recessed portion is
provided in the end 5 surface of the conposite nenber and the

appar atus has means for setting thggpasition of said nozzle so that
the fluid is jetted against the bottom of the recessed portion.

10 41. A nmethod of separating a conposite nenber havi ng a
plurality of menmbers, at a region including cavities or pores, -
conprising jetting3%.fl Wl separatdomsmeithdd essodidlg ¥oolc1anmabikasi ve
particle-free l'iquid against a side surface of the conposite nenber

15 t 0 sepandiezrdilre thenisiiie ikefladted against a separation
position different from the bonding position of the

compeosite member.

37. The separation method according to Claim 35
wherein a recessed portion is provided in the end
surface of the composite member and the fluid is jetted
against the bottom of the recessed portion.

10

38. A separation apparatus comprising a first
holder for rotatably holding a first surface of a disc-
like composite member having a plurality of members as
bonded mutually; a second holder for rotatably holding

15 a second surface of the disc-like composite member;
synchronizing means for allowing the first and second
holders during rotation to synchronize mutually; and a
nozzle that jets a fluid against the end surface of the
composite member, which is rotating, in order to

20 separate the composite member into a plurality of
members using as a starting point the position on which

the fluid has been jetted.

39. The separation apparatus according to Claim
25 38 having means for setting the position of the nozzle
so that the fluid is jetted against a separation

position different from the bonding position of the

oL
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composite member.

40. The separation apparatus'according to Claim
38 wherein a recessed portion is provided in the end
surface of the composite member and the apparatus has
means for setting the position of said nozzle so that
the fluid is jetted against the bottom of the recessed

portion.

41. A method of separating a composite member
having a plurality of members, at a region including
cavities or pores, comprising jetting a fluid
consisting essentially of an abrasive particle-free
liquid against a side surface of the composite member

to separate the composite member.

L



