;e3ep: V6TpB3~~ 3 0 J Ul 2002 -' - PROCESS OF RECLAVATI ON OF SO SUBSTRATE 3@
AND REPRODUCED SUBSTRATE BACKGROUND OF THE | NVENTI ON Fiel d of t he Jyginpggpn
The present invention relates to a sem conductor substrate, and to a

process for production thereof. EspecitaFly the tion relates to
a substrate used for production of electronic d m@mmmm"@mrated circuits,

and the |like, and a process for production of the suy Lrate
specifically, the present |nvent|on relates to a reusabte reclai med

substrate which is reclained b substrate having a single crysta
sem conduct or Iayer %@?%%% %% ﬁ%ﬁhﬁhﬂrﬂfl%ﬂﬁﬂsugﬁx¥éi§ a process for

recl amati on thereof. Rel ated C t conduct or production
process, a |arge nunber of méﬁ@rgggggﬁﬂggé §§B§g§$$§;fers for nonitoring

filmthickness in production steps and for nonitoring particles, and dummy
wafers in heating apparatuses. Defective wafers are unavoidably formed in

t he producti éﬁdﬂ§¥ gnﬁﬁﬁmf NEhGdon the final inspection step. Bulk
al med an

waf ers are rec reuse usually for effective utilization of

resour ces angifdrg @WstetHeLedutdm@igef the sem conductor production. In the
30JUI 2002 - 2 reclamation process, a filmsuch as polysilicon filns
for LSI, insulation foHdpreythtalinkientich ka8 attesmed an the surface of the
wafer is elimnated by etching or |apping, polishing or grinding. The
mechani cal elddnirairidctsare s Hrapei, ngnids tooadpebedstsofeki m nate a hard
filmnot elimnable by etching only or a conplicated film (nultiple |ayer).
As menti oned mimiestimon klsiddafon \EBspecd aldyi theupedsastaipvevtdeonwaf er,
test wafers, dummy wafers, or the like are conventionally reclainmed. The
process for trelatas dmtd crulistrgdec usedd foyppegdugtian)gfanese Pat ent

Application Laid-Open Nos. 9-237771 and 7122532.
electronic devices, integrated circuits, and the like,

and a process for production of the substrate.

More specifically, the present invention
relates to a reusable reclaimed substrate which is
reclaimed by working a substrate having a single
crystal semiconductor layer provided on an insulating
layer, and to a process for reclamation thereof.
Related Background Art

In a semiconductor production process, a large
number of wafers are used as test wafers for monitoring
film thickness in production steps and for monitoring
particles, and dummy wafers in heating apparatuses.
Defective wafers are unavoidably formed in the
production steps and are rejected in the final
inspection step.

Bulk wafers are reclaimed and reused usually
for effective utilization of resources and for cost

reduction of the semiconductor production. In the
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On the other hand, substrates having a single crystal sem conductor |ayer
on an insulation layer (hereinafter referred to as an "SO substrate')

whi ch are produced by processing of a silicon bulk wafer through var( dik 2002
steps are not reclained. Defective SO2 substrates after the production,

whi ch do not neet the quality standard such as uniformty of film

t hi ckness, stacking fault density, particles, and so forth are rejected and
di scarded. However, reclamation of the defective SO substrates are
demanded for repeated use in the SO UbStUtfﬁltje roduct.ion, or_for wafers of

ot her senico PRI (RLRERS S+ S & o lysiddsery £ddas on in

producti on of_ SO bstrates.. 3.0 JU 2002 - 3 The formgtion of single
crystal Si séfic ctiBS RO b sl'nsamdgta&r‘{mlﬁé‘ﬂ‘e&ﬁl%n% TBEEr £
formation, is,w dely.kno Si |l -.oninsul.atqr (SO ) .techni que. The
device utiliz hrﬁz"g % %fa§6 V\C’?fecsnrﬁal c}“7u‘—"efcefc§c21slSrnatenrlylmaiL \?gcn dag s S ?’éﬁ’gcaﬁnot be

achi eved by di par S rate for i i r circuit, as
shown bel ow. al%pq%g{s% &%/Olgltge}*&e% r?%gbqstslﬁaltq}ggp aTr%(? g%;cgll ?LIE%ﬁy for high
integration, ;{5 AN Aty radi QAtIMed A% o34 Qating
capacity and possibility for high speed operation, 4. Needl essness of the
wel I'ing processsd %1 ewsntaibingiess ofby altdhity oMg &r Rossibility for

formation of a conplete depletion type of field effect transistor by
t hi nner fil| mdampiritcatred Hhidse (miltansleaarlaydas)cri bed in detail in the
literature: Special Issue, "Single Crystal Silicon on Non-Single-Crystal
| nsul ators", edited Bs GaNtiQriddmbaimyr rallkfsidhiysmalwaGesst hawiag. 63,
no. 3, pp.429-590 (1983). The SO structure can be forned by a process
i ncl udi ng typised 135 & REGIRSEE ivAEempl artatiadiens . odeasny aedeashomdi ng
process. The oxygen ion inplantation process, called SIMOX, was firstly
reported by Khg g](ﬁlﬁe_ gue tgprventionally reclaimed. The process for
the reclamation is described typically in Japanese
Patent Application Laid-Open Nos. 9-237771 and 7-
122532.

On the other hand, substrates having a single
crystal semiconductor layer on an insulation layer
(hereinafter referred to as an "SOI substrate") which
are produced by processing of a silicon bulk wafer
through various steps are not reclaimed. Defective SOI
substrates after the production, which do not meet the
quality standard such as uniformity of film thickness,
stacking fault density, particles, and so forth are
rejected and discarded.

However, reclamation of the defective SOI
substrates are demanded for repeated use in the SOI
substrate production, or for wafers of other

semiconductor substrates from the standpoint of cost

reduction in production of SOI substrates.



-4 30J UI 2002 process, oxygen ions are inplanted into an Si wafer at
a density of 101' to 1018/ cnR, and thereafter, it is anneal ed inr@g 0

ar gon- oxygen at nosphere at a high tenperature of about 1320C. Co dHle?\Ut?y
Si oxide layer is formed by bondi ng -of3 the i npl anted oxygen ions to Si
around the depth corresponding to the projection range (Rp) of ion

i npl antation. Sinultaneously, above the Si oxide |ayer, the Si |ayer having
turned anor phous by the oxygen ion inplantation crystallizes again to
change into a single crystal Si layer. Thus the SO substrate is produced.
On the ot her hand, onEheffeweabirrliel HrrEks Y1 K6 conduct or substrate
i s disclosed by Takap YONEHARA, one of the inventors of the present

i nvention, inS9RpEPRIRCERT RV 608, A5 HLRFIHLAYCS, mamedy 50371, 037. In this
process, an SO, substrate is produced through steps of, preparing a first
menber havi ngSWPpbF3ES é?’?fﬂﬁ %rl\‘yS]t%|W]ch%}l}6 &S ISYECHUHP™H nonpor ous

single crystal sem cond | ayer; bondi t he above f.irst er to a
secgnd ne)r/rberl’i)\f‘t‘ aF?ﬁe?%&)ﬁt?%%“&q%' in Skt é%lleﬁ‘fd’qr;ﬁi t he above

nonpor ous Si _ngbf Eégﬁxtaf%?éeﬂscor@rgiée?c{\fé aafﬁ’;eré.jl ﬁig‘ﬁhicr%%{n%[%éo nd renovi ng

the porous single Crys seni con ne of producing
an SO substratg: bsedi 56! A i dat ARRld Gl @y Lai d- Open No.
oo T1126 in WiTTpeTed BY & bﬁ%l-) e #ayyeﬁrlf?sseparsgﬁson > 57 370 JU12002

llayer) is foriRdehPaBedi tifOhiPases Pirdh (ddrsit. base plate) by ion
inplantation, the first base plate is bonded to a second base plate, the
bonded article. i Bas€adf t dbél &t Do Codtsea £ Bai Ay goyyi il icdyy e S and

coal escence of the bubbles in the bubble |ayer, and thereby the outernost

| ayer (call edhighiintegrabhouctor material filnl in this |aid-open patent)
is separated at the m cro-bubble |ayer to produce an SO substrate. The
above ion i np?antiighoresistancRicagingt hradiaagfbsvd ar@y.or hydrogen ions. In
preparation of SO substrates by the bonding nmethods, the first substrate
havi ng a sepaf at}®f fH9Rbipecorractizse|d pagwibiddgar fiarnhigh reegh
structure. Yonehara, one of the inventors of the present invention, et al.
di scl osed a nBPFHIEHPreusing the separated first base plate in production

(7)f 382?3231 Cznd‘&lptf%?éf%?%‘g%senﬁi%{] f]rgeoane inPat ent. Aéﬁsol i cation Laid-Open No.
- . An ekanpre the hot dfsct o8P N € above
5. Preventableness of latch-up, and
6. Possibility for formation of a complete depletion
type of field effect transistor by thinner film
formation.
These matters are described in detail in the
literature: Special Issue, "Single Crystal Silicon on
Non-Single-Crystal Insulators", edited by G.W. Cullen,
Journal of Crystal Growth, vol.63, no.3, pp.429-590
(1983).
The SOI structure can be formed by a process
including typically an oxygen ion implantation process,
and a bonding process.

The oxygen ion implantation process, called

SIMOX, was firstly reported by K. Izumi. In this



| ai d- open patent publication is explained below by reference to Figs. 10A,
10H, and 10C. A surface layer of first Si base plate 10Dl is made porous to
form porous |ayer 1002. On porous |ayer 1002, single crystal Si Baysy 2003
is formed. This single crystal Si |aydr <1003 is bonded to the main face of
second Si base plate 1004 with interposition of insulating |layer 1005 (Fig.
10A). Then the bonded wafer is separated at 30J UL 2002 - 6 the
porous |ayer (Fig. 10H). The bared porous Si layer on the surface of the
second Si base plate is renoved selectively to obtain an SO substrate
(Fig. 10C). RS A0 rlsqnsslar@a%%aé‘tt@ 16@?%&@ Fd WeES&d s t er
renoval of the enai ning. p According to the ahove nethod, the
separated fi rast ags %@gfp 1_1‘3)0]1 |s ’Peu?é’gi &h alfflfé’ tljré?r ifand, an SO

structure for nedfgl[ (%he second Si base % rTZI)[é efe e or may not
nmeet the qual":lrfrif3 ea dé}aafbfarm’%n%’wg& ELFP: |ebl?t| 8n articles, and

so forth. 2+a| rre he rzl%qlocnq%se: pl %%ﬁe%%eﬁ%yg %gtdr at e aI So

needs to be re amat’i'on of bot ase plate and

the second Si; a{éﬁ # afcg%mééioﬂi} lohd12%5 Y &nd UM H%%t%‘a% S‘é‘r&%‘o‘ﬁ% can be

achi eved in production strates. In recent severa years, nany

reports have Qeey RLAREN athd REHH RDAARRJRIW.SS 8k :p jedeishr ucture
for higher speed and | ower power consunption of "MOSFET ( SC] Conf er ence

1994). Wth thhdO(Rd Yy Wt Wionh il dntetiain .on siaygramedes 1§ e apbeaent
enables sinplification of element separation process in conparison with the
el enent for necheorsia dxide Siaywaf,erthensdr dlay eirndadewigec eupneduct | on process
can be sinplified. Therefore, the SO substrate not only inprove the

perfor mance cimarmhalsyikse, thritoxsgem dedudew liandakdiosr coysttaddd zelse
processing cost in total. 3 0J UL 2002 Because of t he above

advant ages, ﬁmtﬁ%mlﬁnml%ﬁ e S SIEgiedt & davgrow FHNE, and the

reclamation of the SO substrate will_ be the inportant problem SUMVARY OF
THE | NVENTI ONFPh e s8R tE ot AF99MS&8ds to provide a

On the other hand, one of the bonding processes
for semiconductor substrate is disclosed by Takao
YONEHARA, one of the inventors of the present
invention, in Japanese Patent 2,608,351 and U.S. Patent
5,371,037. In this process, an S0I substrate is
produced through steps of preparing a first member
having a porous single crystal semiconductor layer and
a nonporous single crystal semiconductor layer; bonding
the above first member to a second member with
interposition of an insulating layer and with the above
nonporous single crystal semiconductor layer placed
inside; and removing the porous single crystal
semiconductor layer.

Another method of producing an SOI substrate is
disclosed in Japanese Patent Application Laid-Open No.

5-211128 in which a micro-bubble layer (separation



process for reclaimng an SO substrate. The present invention intends al so
to decrease the | oss of thickness of the base plate in the reclamati on
process and to decrease the variation of the thickness of the basé jilaigl
over the surface. The present inventibn-further intends to provide a nethod
of flattening of the surface of the silicon base plate after renoval of the
I nsul ation | ayer. The first enbodi nent of the present invention is a
process for reclaimng an SO substrate, conprising a-step of providing an
SO substrate having a sem conductor _base Blate, and a $ing|e crystal
seni conduct of-8¥&¥er ifofREdeAhéPe8nSh-LROPNPEPBORLEFBN( LT8R PASEI ati on
| ayer; a first re al ,step for renmpving bhe singl e crysial sem conduct or
| ayer; and aP 35853%?éﬁB@anggéﬁt?BFoPenﬁ ?nﬁlfﬁg PASGI BLRER Fiyer
selectively. Th econd enmbodi.nent. _of ,the prgsent i.nyentjion,is.a process
for recl aim REARTSEP GuBSEPAfebasegyayey FRaRonagd “eEidthe 4§ & step of
preparing anhggt—%'f‘%%ttre%t %ohg\éhgg 9e§£9§h§eﬁé¥%t8k.é§ E?EJQ“& gr layer on a
sem conduct or base plate with I'nterposition of "an insulation l'ayer, a first
remval step gh1C8XRKHA0 Jhend! BALB1ELY ShatngeBLEBRAUELOL,) augy by et ching
or polishing, and a second renoval step of renmoving the insulation |ayer by
etching sel e¢ghi¥ebY the outermost layer (called "thin semiconductor

material film" in this laid-open patent) is separated

at the micro-bubble layer to produce an SOI substrate.

The above ion implantation is conducted with rare gas

ions or hydrogen ions.

In preparation of SOI substrates by the bonding

methods, the first substrate having a separation layer

becomes useless after separation of the SOI structure.

Yonehara, one of the inventors of the present

invention, et al. disclosed a method of reusing the

separated first base plate in production of a

semiconductor substrate in Japanese Patent Application

Laid-Open No. 7-302889.

An example of the method disclosed in the above

laid-open patent publication is explained below by

reference to Figs. 10A, 10B, and 10C. A surface layer

of first Si base plate 1001 is made porous to form

porous layer 1002. On porous layer 1002, single

crystal Si layer 1003 is formed. This single crystal

Si layer 1003 is bonded to the main face of second Si

base plate 1004 with interposition of insulating layer

1005 (Fig. 10A). Then the bonded wafer is separated at



The third enbodi mrent of the present invention is a process for reclaimng
an SO substrate, conprising oxidizing the single crystal sem conductor

| ayer before the above first renoval step. The fourth enbodi nent b0 Jhd00?
present invention is a process for reélaimng an SO substrate, conprising
heat-treating the bared sem conductor base plate, after the above second
renoval step, in a reductive atnosphere containing hydrogen. The fifth
enbodi ment of the present invention is a process for reclaimng an SO
substrate, conprising polishing chem cally and nechanically the surface of

t he bared serdheomorousr lisyex (Fige aPBer t RReabavedspevadsr8holavestep. The
si xth enbodi ment of the present invention is a process for reclaimng an
SO subst r at 0 ither surHacsorts fhet £8EeNAsSpr bpafeBlpYealBorEMaYeflet hod. The
sevent h enbodi nent of .the present invention is a 8rgcess fﬁ{r_jl)recl ai mng an

SO subst r at §elfrdri¥elie teorbLals: PRt 80T sSPPERARER bY1g- bbG? ng TBBhod, and
th 30J Ul 2002 i nterf h i d | at
and the i nsulPSRBR Ry EATSE BHe BaRaPAg tFatoo AbeB Hr nEe s St het PP Reent |

i nventi on, tiy%ﬁgg ls%gs%%%tge%%gng$ﬁggékﬁhgﬁgg¥8£_repeated use in the

sem conduct of production process. rate can be recl ai ned

repeatedly with |ittled9esndl tbhenkhhokiesreeholinerR@ssephahedl the SO
substrate. Therefore the reclai med base plate car. be reused for the uses

in which the diigkraspaal Phathaseonl akerkashbik! edonThReebeh8r the present
invention is valuable fromthe standpoint of industrial production,

resour ce savinihd,anrth SO sTietuae gEoemeat banthéheeconasiedasel substrate
of the present invention has surface as flat as that of a bulk wafer, and
i s useful notplatey mayt et defeertior ardmayynoaf meetbtheafisalasya wafer for
production of an SO substrate repeatedly. BRI EF DESCRI PTI ON OF THE
DRAW NGS standard of film thickness distribution or particles,

and so forth. In this case, the second base plate, or

the S0I substrate also needs to be reclaimed. The

reclamation of both the first Si base plate and the

second Si base plate, if it is possible, further cost

reduction can be achieved in production of SOI

substrates.

In recent several years, many reports have been

presented regarding the usefulness of the SOI structure

for higher speed and lower power consumption of MOSFET

(IEEE SOI Conference 1994). With the SOI structure,

the insulation layer under the element enables

simplification of element separation process in

comparison with the element formed on a bulk Si wafer,

whereby the device production process can be

simplified. Therefore, the SOOI substrate not only

improve the performance of the device, but also reduces

the wafer cost and the processing cost in total.



Fig. 1is a flow chart show ng the process of reclanmat

ion of an SOF
substrate according to the present invention. Figs. 2A, 2B, 2C, andigﬂpﬁ?@z
schematic sectional views illustrating steps for reclaimng an SO

substrate according to the process #o7 SO substrate r

ecl amati on of the

present invention. Figs. 3A, 3B, and 3C are schematic secti onal 30J ~I1
20Q2 - to views illustrating the steps of preparing an SO substrate by a
bondi ng nmethod. Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G and 4H are schenmatic
sectional views illustrating the steps of preparing an SO substrate by a

bondi ng net hBgcanget pE $hepabever advankprsfi- oPTagustio

BuBst $Afe according

to the present invention. Figs. 5A 5B, 5C, 5D, 5E 5F and 5G are

schematic sefUPSTEPtEFedS PEPESERLt FRYITAE BPERs BRApF

@ﬁaring an SO

substrate by a honding neth and_t he, ste of reclJaimng,an SO substrate
Sooor dine + o TERIBRsaBR SEniER: FOR. CBPRLTRRR vaie BRThE AFBoTEReRar s ¢

sectional views E
accordi ng t oPfRESMesent invention. Figs. 7A, 7B, and

| lustrating the steps of reclaimng an SO substrate

7C are schematic

sectional views illustrating the steps of reclaimng an SO substrate of

Conpar at i ve Exanpl e.
SUMMARY OF THE INVENTION

The present invention intends to p
process for reclaiming an SOI substrate.

The present invention intends also

rovide a

to decrease

the loss of thickness of the base plate in the

reclamation process and to decrease the va
the thickness of the base plate over the s
The present invention further inte

provide a method of flattening of the surf

riation of

urface.

nds to

ace of the

silicon base plate after removal of the insulation

layer.

The first embodiment of the present invention

is a process for reclaiming an SOI substra
comprising a- step of providing an SOI subs

a semiconductor base plate, and a single c

te,
trate having

rystal

semiconductor layer formed thereon with interposition

of an insulation layer; a first removal st
removing the single crystal semiconductor
second removal step for removing the insul
selectively.

The second embodiment of the prese

ep for
layer; and a

ation layer

nt invention

is a process for reclaiming an SOI substrate,



Figs. 8A, and 8B are schematic sectional views illustrating vari ati on of
the amount of grinding or polishing in the reclamation process. %%TJ§Vﬁ%2

and 9H are schematic sectional views illustrating variation of the

t hi ckness of the reclaimed substrate Bn-the recl amati on process. Figs. 10A
"~ 10B, and 10C are schematic sectional views illustrating reuse of a

substrate having been used for preparation of SO substrate by bondi ng. 3

0 J UL 2002 - 11 DESCRIPTION OF THE PREFERRED EMBODI MENTS The process for
reclamation of an SO substrate of the present _invention is described bel ow
in detail. GSfSIRALSLNG e sttt?erOfS@IreQﬁﬁéf’BaPQ" S%aﬁ§b§t§66§t h&vdlHavi ng a
single crystal S|I|con | ayer. on gn insulati | ayer. In the gresent

i nvention, héwsid91e KEYEHR s FHIECEYFEORo aVFﬁlPEd 3t §ePhECRAYEEOSne, but

i ncl udes sub trate aV|n 12 S|n | e G st al sem cond o} | ayer _on_an
i nsul ation | psr‘lhhc ure fe%tpﬁe ﬁ%iocess of* the" prtéélgﬁt ingeﬁtl on is

descri bed by t w, ¢l h stly, an SO
substrate tojie regggﬁﬁéﬂ' 6}8§i5é§%%gf% %ggc Ehg o gﬁﬁgnt of a first
renoval stepd %‘{;ee%c%'lﬁ % g}sﬂg}ugsm ggRdyctor |ayer on
the insulati on ayer (S |rdI y, treat f a second renmoval step is

conduct ed t0 JEMRIE 1RRIRRL \é.%ﬁg ¥% lra%lvawgor&hleamguﬁ%%xonmage% bgcl ai med
base plate is obtained ($4) en the surface of the reclainmed base plate

after the secyhirgasllecdiffeliys required to have higher flatness or

snoot hness, or decreased m cro-roughness, a surface treatnment (S5) is
conducted after the sHeorthimsherdloddimept( 83) the obtaentainveatédnr ecl ai ned
base plate (S6). The steps shown in the above flow chart (Fig. 1) is
descri bed spedd fa autdaedsy fiaaf aesdedmings ene FRL substrpgral vi ews of an SO

substrate. SO substrate 1 ]
comprising oxidizing the single crystal semiconductor

layer before the above first removal step.

The fourth embodiment of the present invention
is a process for reclaiming an SOI substrate,
comprising heat-treating the bared semiconductor base
plate, after the above second removal step, in a
reductive atmosphere containing hydrogen.

The fifth embodiment of the present invention
is a process for reclaiming an SOI substrate,
comprising polishing chemically and mechanically the
surface of the bared semiconductor base plate after the
above second removal step.

The sixth embodiment of the present invention
is a process for reclaiming an SOI substrate, where the
SOI substrate is prepared by a bonding method.

The seventh embodiment of the present invention
is a process for reclaiming an SOI substrate, where the

S0]I substrate is prepared by a bonding method, and the



30J UL 2002 - 12 is provided which has single crystal sem conductor
| ayer 4 on seniconductor base plate 2 with interposition of insul atd®dUL 2007
| ayer 3 (Fig. 2A). Such an SO substrate to be treated in these steps, for
exanpl e, is the one produced by the-pPocess nentioned above, but has | ow
quality, not neeting the requirenents for the characteristics of the single
crystal sem conductor |ayer. Single crystal sem conductor |ayer 4 is
renoved by the first renoval step (Fig. 2B). Then insulation layer 3 is
sel ectively renoved by the second renoval step (Fig. 2C) to prepare
recl ai med bad@irfiacs beajmaen fder i Usiex plogee Plgtee@ndr &8t o have
hi gher flatness qQr snoothness of the_surface, or decreased surface
roughness (mi St ihdheuPrrddr9a f8GPrace treatment is conduct ed
to obtained treated recl aijted hase plate 5 (Fi,g. 2D).. Seniconductor base
plate 2 in the pr eserﬁcqorﬁfgkﬁﬁ %r? e BEESEM &%Xeﬁ}g)épé’s, the; ﬁg e crystal
sil1con pl at a3 AQlUEr YAl S AN Rl eRS: 1BReRlakeReeCahs Rhat es, and | nP
pl ates. | nsulation 1ayer 1h “e present i nvention i'ncl udes Silicon oxide
[ i s, id i C Niak , and
o%{dl%ﬁr?glx g%d\@(:‘:io% odedld.i CoReNishi @gbls%sesrta _

layers, silicp i
conbi nation thereo crystal sem conductor | ayer I's conprised of a

material inclyg Md Seci@med peditedly with QidtWel 182820F 1Be GaAs,
Al GaAs, Al GaSb, I nG&As, |InP, Inﬁg, ZnS, CdSe, and CdTe. The |ayer may be a

singl e layer 19fi diR AP B tH HaRC D1 a%e bFMehat 5ol elLpkheatBove |ayers. In
the first renoval step, single crystal sem conductor |ayer 4 can be renoved

by et chi ng orrhedldfiieGthd rddla i@ balsebpleftehicag beheectlked #grnmet hod is
not limted, but a method is preferred in which single crystal

sem conduct ortHeayerest irs witidhedhat thilokgless oft ehehbasehallack tise
underlying insulation |ayer 3. The etching nethod includes wet etching,
gasphase et cHilfitaghd gihesefaatchithg PIgSeNd dnvgnEiepy dsavaduppéen | ayer
as single crystal sem conductor |layer 4 is etched by wet etching, the

et chant t her &G ithe FIEIRMRY Pé%/ RS BA AN ChY BRox FEEPUTREH, and

trimet hyl - 2- hydr.oxyet hyl ammoni um hydr.oxi de. en it is etched by plasm,
the etching &ty 6’(§¥’i r?fﬁx?é‘vﬁlr@nﬂeéé i \Pém%(?r?\éhéf)@hi ng) enpl oyi ng’ CF4Cz

I . W &As | i | i t | 4 t ched
by vet etching, the Al SoT SURaRE SP0E BB e net hanol
mixture ) . apb AU WAFISRALCATDIIANNL G98R BY aXdokwabep, i Xt ure) .

The polishing in the first renpval step can be conducted by nmechani cal

polishing, chem Gy RAAShiNE et desiEehdeirCar ROWuRRyNGalEEM?) , or
el ectrolytic polishing. O these polishing processes, CVMP process
but also as a wafer for production of an SOI substrate

repeatedly.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart showing the process of
reclamation of an S0I substrate according to the
present invention.

Figs. 2A, 2B, 2C, and 2D are schematic
sectional views illustrating steps for reclaiming an
SOI substrate according to the process for SOI
substrate reclamation of the present invention.

Figs. 3A, 3B, and 3C are schematic sectional



30JUI 2002 - 14 is preferred for the greater snoothness and fl atness
of the layer surface, and the less distortion by polishing. In theJ@\gj 2007
process, a silicon layer as single srystal sem conductor layer 4 is

pol i shed preferably by a mrror-poli-slOng process usually enpl oyed in
silicon wafer production. This mrror-polishing process is described, for
exanple, in a book, "Sirikon no Kagaku (Science of Silicon)", pp 247-248,
and 294-295, published by Riaraizu K K (1996). Specifically, the polishing
agent enpl oyed is an abrasion gral n di spersion conposed of a mxture of a
fine abrasi orVifvs i lpoifderating then&teend &fy PePrEdRo2nd&0€0. 05 to 0.24
un) and a solution of an al kali_such as sodi um hydroxi de and potassi um
hydr oxi de. SAURSHFRTRY B RPLhed mathOofe back face by a wax onto a gl ass
plate, a ceramc plate or the |jke. Th|§3 plate is Iaceg glth t he bonded

SO face directed doﬁrﬁﬁa?rd “h éq'e\f‘& BiPackEhadfng *§ i i§Scl ot h sheet
bonded t hereon "P é;l tai%ql I evellltil a%r F’gr %?l%t% E)%l g%l vel y W th
vel b

application osf(jhe Ween St € an h feeding
the abrasion di [S ¢, e(g & cmg@ug rocess.
In this proce&réd%rlesqu&tl Y, rr%t ed go t é)h IELC e I'mis borrre by t he
al kal | sol ut | gpn amera@faerrauw am%mwxars%@swa%l %ce@&fa\i% by the
abrasion grain dispersion. This polishing process utilizes 0J UL 2002

- 15 conbi nagnedmdsentt heictdlicact i on and a nechani cal action. For
exanple, in polishing of SO substrate having a silicon layer forned on a
silicon oxide |ayer, midsrdazrgn Smt t5ay, &, CHHE,s 5EQt anéndGabhlre chem cal |y
(e.g., aresidue forned in SO production) can be renoved nechanically.

Si nce the ratscheimgolce steaiy asfalsiviiesen idlivgtrias iogt theelsyepswo £t he
polishing is considered to stop automatically, practically to renove

sel ectivel y tPrepAtinmin S sulRttaficadvor dgadingndethes prdetherticl es
(size of several to hundred and several tens nanoneters) of colloidal
silica, cal ciHetP%id EECIGF MY 19k SydsdEaten a&FrOﬂiF&é‘Sl tQotRE on (pH 9
to 13). An am ne t ,é)e addltlve may be added thereto for increasing the
pol i shi ng sp polyner type addltlve may be added thereto

for decreasing t he SUf 1;935; CQ:]AOUQS@eSqud e g] E?gl%%ggege%%cigpglrenoval

step is conducted by a od capa renovin ectivel

insul ation | ayglys3. 1151dé1§1CH\:1Q%§ %ea%ﬁef@)%l”cfft 'x‘é&l‘a&ﬁﬁhﬂ:') ﬁa%ol?_e etched by
hydrof | uoric acid, or a buffered hydrofluoric acid (BHF). BHF etches the

silicon oxi d@sdlﬁé’lﬁl‘aﬁ AeA@HG¢d are Prebehtt andedtamnni n, but etches
little the silicon base plate. The etching may be conducted either by

| i qui d- phase et chi ng rigd .oyimg 78 agde s drydsehlenartic aectisalklti on or the
| i ke, or by vapor-phase etching enpl oyi ng vapor of

views illustrating the steps of reclaiming an SOI

substrate of Comparative Example.

- Figs. 8A, and 8B are schematic sectional views
illustrating variation of the amount of grinding or
polishing in the reclamation process.

Figs. 9A, and 9B are schematic sectional views
illustrating variation of the thickness of the
reclaimed substrate in the reclamation process.

Figs. 10A, 10B, and 10C are schematic sectional

views illustrating reuse of a substrate having been

used for preparation of SOI substrate by bonding.



30J UL 2002 - 16 hydrofluoric acid. Silicon nitride as insulation |ayer
3 can be etched by BHF or H3P04 (phosphoric acid). According to the present
i nvention, since insulation |layer 3 as the outernost |ayer of semquglﬂg?ﬁpgr
substrate 2 is renoved by etching, redllaiqred sem consuctor base plate S
defects such as distortion and crystal dislocation | ess than the defects
which will be caused by nechani cal renoval. Wen greater flatness or

snoot hness, or decrease of mcro-roughness of the bared surface of the

sem conduct or base IPI ate is required after renoval of single crystal

sem conduct oPESGRYPTLQGhPH BH ARESHRRE e EMBODINMENTSr f ace treatnent may be
conducted by heat treatnent or surface polishing, or conbination thereof.
The heat treatment i ncldELIRAT dGn &SN HE AP aR e POFatEP SIEERSEr at ur e
in a reductive_ atnosphere containing hydrogen., The hydrogen annealing can
flatten the QU % REGFE esIFEE ltsnéietg’ﬁﬁr&ﬁgs?eépwsgﬁi G6i@actor base
pl ate 2. The hydrogen, anneal.ing s prefernr for treatnment of silicon base
pl ate as sem conduct ofSHHs lﬁ’att@%&eﬁmncg%;}hguﬁﬁfrrg en ANRES iang al | ows

inmpurities S%@&M %Jl&#ﬁg féi%%l%utcrgjstta@ illiicggln%g?%tgeoﬁur face |ayer

to lower the 1npurity conc rationm sinmul'taneously wt surface

flattening. THeRIPRIRRO! e (hIHNLRRMANISRIIMG o, Sichietan base plate
as the sem conductor base plate is 3°0 J UL 2002 - 17 preferably not

| ower than 308{e ashk NAlbEGR itdad haniRldd RS RGIeNtEbLBNEeS bnkeG OBbuthDr e
preferably from500 to 1200C. The tenperature of the hydrogen annealing of

t he base pl atindiiudds Subtraties Maafiaiall simefld ewsthhan 300C and not

hi gher than the nelting point of the constituting substance. The pressure
of the reductsansicanbspirer eldymr tdre dry drogdatdomedlayeg .may be a hi gher
pressure, an atnospheric pressure, or a reduced pressure, but is preferably
not hi gher than the &h®sigrfure mesthe euagesss afottheomaeselpdn 3. 9x10-4 Pa,
nmore preferably not higher than the atnospheric pressure but is not |ower
than 1.3 Pa. FRSTFHRN [hglePriharh b REIGEFISMER [HE dee¥ndaat { he

required properties, and is not_Jlimted. Practically, the tine ranges from
about 1 m nutIY dPdWHTA0 hourfSTSHY gD rgr\‘g’ Gr6gdR- E’S‘nt ai ni ng

oot ve S BRENST R AT NS RS VEn et e Tostlng: ¥ a0 and

hydr ogen annefﬁféﬁ]féhoval step is conducted to remove a single
crystal semiconductor layer on the insulation layer
(S2). Thirdly, treatment of a second removal step is
conducted to remove selectively an insulation layer
(S3). Thus a reclaimed base plate is obtained (S4).
When the surface of the reclaimed base plate after the
second removal step is required to have higher flatness
or smoothness, or decreased micro-roughness, a surface
treatment (S5) is conducted after the second removal
step (S3) to obtain a treated reclaimed base plate
(s6).

The steps shown in the above flow chart (Fig.

1) is described specifically by reference to schematic

sectional views of an SOI substrate. SO0I substrate 1



applicable, for flattening of the surface, not only in reclamtion of SO
substrates but also to any sem conductor base plate, particularly. @ib[?®2
base plates fromwhich its surface insulation |ayer has been renﬁ% d. 0
JU 200z - 18 The surface polishing as the surface treatnent can be
conducted by CWP process. As the CWP process, a touch polish treatnent is
preferred in which the anmount of abrasion is mnimzed. The anopunt of the
abrasion preferably does not exceed 1 um nore preferably in the range from
several to several and tens nanoneters. The touch polish can be conducted
in the CVP priecesoviiyiedesihdahi hgst Béngdadcappkatdsbeiwendutherpl ate and the
| evel block. In reclamation of the SO substrate, single crystal

sem conduct ol ayvayerd drosemisvnduictor] hpee Blatg Bewdkhdi zed into an
insulation film and may be renoved together with insulation layer 3. In
particul ar, vaderpesditdonoefl dpsulationahagrirdBzEe8igi | 28on | 8yeh, anhe
single crystal silicon layer is changed by oxidation into the sane

subst ance asspﬁe%W§§HP§¢Pbﬁ°IQ?eFFe¢%G§ tRetBPABI BLEPFst BPTseni conduct or

| ayer and the ins%]atLon | ayer can effectjvely be renoved sinultgneously in
one etching §&EFP ﬁht&ﬁaﬂhﬁ,°§ﬁyp§€§u§ﬁ§staFéepPE88?§ﬁ BS 5t RRP et hod

than the oxygen _ion. inplantation nd_the bondi nethod as nentioned above
may be recl ai EEHCE%&SPW' ﬁ wtﬂgagﬁggen °?n98ﬁ??8ﬁ.%gﬁe bondi ng net hod for

ti i . kfLgal h i
o 3, 3at gyl 38y R, Ll ABUEL E RrEk Ll e S o Base
plate 9 havi agysiaal eehivahdluctBll §898UCt 05ingRelcdyblch1 2002 - 19 layer 4

and insulation”layer 3 on separation”layer 7, bondinhg single crystal

seni conduct Olsemy¥RIndhdt®rS aaRee AeHLCRBABGLAr bYasRePE a8t 2rainbhal
interposition of insulation [ayer 3 to forma nmultiple |ayer structure

(Fig. 3B), ardepepqariat.i 12g)t.he Thieht ipkalbayen sbyuet Ar ésakelbetsepayati on

| ayer or renoving the separation |ayer to obtain an SO substrate having
the second seemoyedudvortheasecondt sepntad sitegl €Fégys2E) tenbrenduet or

| ayer bonded thereto with interposition of an insulation layer (Fig. 30C).
In Figs. 3A trecdeimege hageePdlate Sndi Wheasthesuppbrimag base plate. In Fig.
3A, an enbodinent that insulation |layer 3 is formed on sjngle crystal

seni conduct ot § FpGUiFest 49 hsvephdghprafdagnpssseReABPPEANEFSsREWN.

O herw se, i ulatigp | ayer %ﬁna be fornmed on second sem ¢conductor base
plate 2, or fZV?nﬁTr e Bo CE§QEQSI§P5 aP%sBSE?ﬁV%F?.(TfCFg'a matter of
cause that fif; ﬂ%ﬁ?&ﬂﬂ&?‘%n% QY- 8e909d§9r28c§e%?ggt§8HLCQQdUCtOr base

plate 2 with interposi‘tion of insulation layer nsul'ation | ayer 3 may be
formed on fighhrsedld) eviliakar ¢ regrRenalbenakA¥E" b4skSpiakged on first

base plate 9.
(Fig. 2D).

Semiconductor base plate 2 in the present
invention include silicon plates, single crystal
silicon plates, polycrystal silicon plates, Ge plates,
GaAs plates, and InP plates.

Insulation layer 3 in the present invention
includes silicon oxide layers, silicon nitride oxide
layers, and silicon nitride layers, and combination
thereof.

Single crystal semiconductor layer 4 is

comprised of a material including Si, Ge, SiGe, SiC, C,



Separation layer 7 may be forned in a porous state by anodi zati on of the
base plate on which the separation layer is to be fornmed, or ion 3
inplantation into the base plate. The ions inplanted into the base 0~deME
UL 2002 - 20 plate include hydrogenigons, ions of rare gases such as
hel i um neon, krypton, and xenon, singly or in conbination. The ion

i npl antation may be conducted either by usual ion inplantation techni que or
by plasnma ion inplantation technique. Separation |ayer 7 is shown to be
formed on supporting base plate 8 in first base plate 9 schematically in
Figs. 3A to BBAsHowdweds,sappelbi, ngnbade, pfaPe faksbeZoHit€éde, oand
supporting base plate 8 itself nay have the sane structure as the
separation | &fde. SiThgl dayeysmaly benpcsatgéeolavayepf4thanabeveéor med on
separation layer 7 by CVD including | ow pressure CVD, plasma CVD,

phot 0- assi st &#PEBNCend WOEPDipasLian- 6fgahrcabyrp; Llavepstteri ng system

(i ncluding bias sputtering); .a nol ecul ar beamepitaxial growh; a

|i qui d- phase growt h: 0 ®Re firRE. TEREVELPEFEPT 0 laglgeﬁﬁgﬁF?Bn | ayer 7, or

| ~f ati | 71is.d | bed bel ow., Th t hod f th
;gggygtion ?ggﬁﬁg§%ggfﬁgxféﬁﬁﬁ%§4i%?gr#ﬁgFeW§V§§;b¥egﬁ§518$ 652 sepgration,

t he nultipleékﬁﬁgﬁﬁ§%%ucE%r%hgs Qﬁgggg £ ogkgggngﬁ}ﬁhgﬁgtgéF%gradiated wth

light to acc I'ate e énergy for separation W ple layer
structure. S%%Hddcg'ébhqtt Repliduar Bay Q%E‘tﬂ‘éd”%gr -2eBPLES of fine latent
m cro bubbl es Torne y tnmplanting 1rons such as hydrogen 1ons, rare gas

lons, and ni Q08D Ji%f e c%g%téh!lgg%gbna&ctbat QalBe ki istebaRgaPhate,
nanely separation |layer 7, decreases its density With increase of the fine

voi ds by recei WiRghdrhe-ddeerian enargys ‘sher ahdeirheinyl thpleakayar structure
is separated at the layer. This is the nmethod of generating the separation
energy in thdaaystrerd.or Tole tehehingt mpliteodayerlstiractvateetChhngw ges-by
heating treatnent, the separation layer and/or the vicinity thereof is
oxi di zed fromhase [edicdyvialg,f apd pilaesmapoetghdbdgseparati on by utilizing stress

produced by oxidation filmgrowh. In another nethod of the separation, the
ener gy When a single crystal silicon layer as single

crystal semiconductor layer 4 is etched by wet etching,
the etchant therefor includes TMAH (tetramethylammonium
hydroxide), KOH, and trimethyl-2-hydroxyethylammonium
hydroxide. When it is etched by plasma, the etching
method include RIE (reactive ion etching) employing CF,-
0, plasma.

When a GaAs layer as single crystal
semiconductor layer 4 is etched by wet etching, the
etchant therefor includes Br,/CH;OH (bromine/methanol
mixture), and NH,OH/H,0,/H,0 (ammonia/hydrogen
peroxide/water mixture).

The polishing in the first removal step can be
conducted by mechanical polishing, chemical polishing,
chemical-mechanical polishing (CMP), or electrolytic

polishing. Of these polishing processes, CMP process



for the separation is applied directly to the nmultiple layer structure from
t he outside. The nethod includes separation by inserting a wedge t@Q(thg 2002
| ateral edge face of the nmultiple |layer structure, separation by blow ng a
fluid conposed of a |iquid containi Rgldater and an etching sol ution and/or
a gas such as air, nitrogen, and carbon dioxide, separation by breaking the
separation | ayer by application of pressing forces in opposite directions
onto the front face and the back face of the nultiple |ayer structure,
separation by breaking the separation |ayer by application of shearing
force to theisapeeflerirade for the gukatpresmagehnessuendr élasepafaPion by
slicing with an inner blade or a wire saw, separation by breaking the
separation | &per layeapphiréacronadfl $hpelsshi €16FBFRLPBNPY Two or nore of the
above nmethod may be 3 0 J UL 2002 - 22 conbinedly enployed. The etchant
for renovi ngPSdg&Pdfdon | ayer 7 by etching includes aqueous KOH sol uti ons,

aqueous NaOH sol uti ons, ﬁgﬁ i xed solutions.gontai Ln rh%droglugric aci d,
nitric acid, and acetfc *A& §'FTRECSBFSsuBstrat &°RavPrg®i AZuPalPon | ayer 3

formed on first Q% es%hﬁt%n%hc@gg Qggggcgpgﬁﬁggiﬁgg ﬁcégéggggﬁlglg e 2, can

be recl ai med S&dEstantCar -y Wt hout 50 e e” setond

sem conduct or, Q@%%&@ﬁgb%%%ﬁa g?tocé'égsTufs.ﬁfaﬁ1¥)hiaﬁﬁlb§eﬁoiﬁegi§?¥c5¥le

af orenent i oned er the reclamation, the bared surface of

the second siJigan Rasadtidhe 2TRaY herdoRopdingniAeptaeeshetween the
first silicon base plate and the second silicon base plate. In such a case,

t he bared bogdigexifteee may kawaplesi duak bask,onstibekbarad Raghice. Here
t he haze nmeans scattering of reflected |ight on the surface by fine
roughness (cy@ddendfe v aidlicaa)dneper 70248t handukbdae29sf the silicon
base plate after renmoval of the oxide filmto give white appearance.
Nanel y, the tparihishege bynddagad zst &t-&.t §a098 )par Sprefifheaddyf atbeof the
silicon base plate is tarnished to turn white. One of the causes of the
haze i s consinfdrighing Pgartte eMployefe 16n&PoSREAPAORhETBORdI Nng i nterface
during the bonding. In the present invention, the ze cgn be cl eared by

a
hydr ogen ann&HiSREF soroemosee ofufr BeE T Fe RE PebRPNBRT2S3°8 JU 20D2 -
23 silicon base pl ate aft.er tQ@ oxi de filn1n§noval. to 4H
i : 5

illustrates &fF Wi %H%%s OF BP84sEY 54 of%an® Eﬁg§68§@Pa?8 by a
Pond 0¥ LR ST SR O SRR e pacelhe v holt,
steps of hydroxide and potassium hydroxide. SOI substrate 1 is
fixed at the back face by a wax onto a glass plate, a
ceramic plate or the like. This plate is placed with
the bonded SOI face directed downward on a level block
having a polishing cloth sheet bonded thereon. The
plate and the level block are rotated relatively with
application of a load between the plate and the level
block with feeding the abrasion grain dispersion at a
prescribed rate to conduct CMP process. In this
process, presumably, a hydrated soft silica film is
formed by the alkali solution on the wafer, and the

hydrated film is removed by the abrasion grain

dispersion. This polishing process utilizes



providing a single crystal silicon base plate (Fig. 4A), formng pzro S
silicon layer 77 on the main surface of single crystal silicon bas Opﬁﬁtmz
10 (Fig. 4B), formng single crystal silicon |layer 44 on porous silicon

| ayer 77 (Fig. 4C), formng thermal -oxisdation film 33 on the surface of
single crystal silicon |ayer 44 (Fig. 4D), bonding second single crystal
silicon base plate 22 thereon to obtain a nmultiple |layer structure (Fig.
4E), and separating the multiple layer structure at porous silicon |ayer 77
or renoving porous silicon |ayer 77 to obtain an SO substrate (Fig. 4F).
Fromthe SO camisinadtion erived cilsoviealsiagglieonc epdt al mechrodémalayer 44 is
renoved in the first renoval step of the present invention (Fig. 4G, and

t hen thermal asd&iRnd oFay 9@ Plies Aampedd sbdngcoifvEPy ERPgrraMe. In the
above process, second single crystal silicon base plate 22 can be reclai ned
wit hout decr @MY the i HicWhdsyarh &og8rdt Pon2t BdlSeprsaBdfratéyeRat ural |y,
the af orenenti oned haze can be further reduced bg)&surface treat nent. 24

I n anot her prodedeign MRt phiGhdt ReE prEpYRRYCaSPEBRLERI1¥he second
silicon base plate can be.c{ecl i rre% wi_t tg,@%t Iro%s f.ot e tahi ﬁkness t her eof
substanti al | y.®The pt Jcess eor%’ﬁmsﬁ ng s teps P6PEF6v P8 nG2Ei Rl e crystal
silicon base 191 DA, fOrdm r oxl-dat i | 3 on the
surface of th%@a%eé&%@eag%#ﬁyg. §$%f t(;:lra% %Ltge%gr g%?%%hﬁgéglf%ﬁ (for

defining the sepald O ROSId iQBrdie1yLANT ihg bRASsHdfgl 98S or hydrogen
ions into the base plate having thermal oxidation film 33 formed thereon

(Fig. 50, fadAdiHerddtd My anflonitidaliuke Byabandandy tot eemeeand
single crystal silicon base plate 22 (Fig. 5D), formng an sU substrate by
separati on atsesleatiatelon thwy/ eyildiEdoFilgyerE) , renoving single crystal.
silicon |layer 44 by the first renoval. step of the present invention (Fig.
5F), and renovi ng t herhmlalmasdain @ayentd mnd3 udlelsedtineeppriticilke second
renoval step of the present invention (Fig. ~G. Eingle crystal silicon

| ayer ~4 is o gime obreeMenslsdglhandreg iamdo sgivegRlpdenson t he base plate
10 was partitioned with separation | ayer 77. zn_the above process, second
si ngl e cryst 23N &S )oz%'g Gl ol sddige r cergined SdBdCant PEI 1y wit hout

decreasing the thickness thereof, fromthe SO _ substrate., For fuyrcther

Sur face 11 at et O FEEP I o a To SRl (EHbSaReC T A 11 rst
enbodi nent of i d i 3 U <~ab described by
reference toﬁﬁ“%ﬂ%éyﬁglﬁg{g .rgteea%&lég _p‘):lflg\%lggédfo ich conprises
sem conduct or; hase M @ e HISHIGY ARt ard %hlng,lrgagrilx,sbgllyﬁ%@ conduct or

| ayer 4 formed thereon wthinterposition of insulatiion |ayer 3 (Fig. 2A).
Si ngl e cryst alyse DN Gfay BEETadlcORSidrictld Fort Becsvakaeg kager of SO

substrate 1 is renoved by etching (Fig. 2B). Then Insulation |ayer 3 is
renoved sel ecdunfdge yowdtoiegwy (Fig. 2C) to obtain reclained base plate 5.
Enbodi nent 2 A second enbodi nent of the present invention is
The aforementioned second removal step is
conducted by an etching method capable of removing
selectively insulation layer 3. Silicon oxide as
insulation layer 3 can be etched by hydrofluoric acid,
or a buffered hydrofluoric acid (BHF). BHF etches the
silicon oxide layer at an etching rate of 100 to 250
nm/min, but etches little the silicon base plate. The
etching may be conducted either by liquid-phase etching

employing an aqueous hydrofluoric acid solution or the

like, or by vapor-phase etching employing vapor of



descri bed by reference to Figs. 2Ato 2D. In the same manner as in

Enbodi ment 1, single crystal semi conductor |ayer 4 and insul ation J&y8t 2002
are renmoved from SO substrate 1 respectively by etching (Figs. 2A to 20).
Thereafter, the surface of reclained base plate 5 having been bared by the
removal of insulation |layer 3 by selective etching is flattened by

hydr ogen-annealing (Fig. 2D) to obtain a reclainmed SO base plate.

Enbodi nent 3 A third enbodi ment of the present invention is described by
reference to Figs. 2A to 2D. In the same manner as in Enbodinent 1, single
crystal senIBBﬁHGéﬂHPrF&yéPl@ anﬁlih§9PaPFBﬁ1@%y%$ BngpLatLap LAY EF om SO

substrate 1 res i vel t chi.ng A to 2C). Thereafter, the
surface of ré&cP P & 6§éEeéI§¥eB§Fb8 qu39 ?898?8% %Fclﬁgﬁ tlon | ayer 3 by
sel ective etching flatteped by surface polishing
(Fi o 2Dy to obtain APEEPAPHefoSEIepBEESHi St BRVRRBEAR MATRES A Tourt h

enbodi nent of, thﬁa% %%eﬁgyegvgnégogaks ﬁ%39ﬁ69§d1Q¥ £e£§rence to Figs. 2A

to 2C. SO substiata T i'§ provi rises senlconductor base pl ate

2 to be rec'@'Eﬁ@oﬁﬁﬂc%b?g%ﬁb§¥¥ékélZSEg‘%§H998§A§y forned t hereon

with interposition of 1 nsulation layer crystal

sem conduct Ok-ol-3%8het %%R&Ebh%hb@grtﬁﬁséuFiéﬁé bapgs @éfé@lssg@éﬁrate 1is
renoved by polishing (Fig. 2B). Insulation layer 3 is renoved

sel ectively by atiehior@iohi 8nd2€ryk0adbiaknocaeiahnedsbasran! ehe 5.
Enbodiment 5 A fifth enbodi nent of the present invention is described by
ref erence todeifgsets2ahtiech2iillnbeheasaad hpnmechasical Endwdvaknt 4, from
SO substrate 1, single crystal sem conductor |ayer 4 is renoved by

pol i shing, and insul #heongrepser3filstneasved sepethnessy Oy etching (Figs.
2A to 2C). Thereafter, the surface of reclaimed base plate 5 having been
bared by renﬁ@&Fe@ﬁelﬁ§umaFF@an&QBPegsb9fs§h@cPﬁV§de§Eﬁfﬁ§e|@ffF%?tened by
hydr ogen- anneal i ng (Fi to obtain a reclaimed SO base glate

Enbodi nent 6SgMd ug adPﬁéﬁt P&PtﬁhéSpFegehFeﬁn@éﬁ?—roﬁe‘f@v tsefi bed by
reference to FI% e %éy%%a%Dsemgcgg c%or layer i 5 ggg&latlon

layer 3, the surface treatment may be conducted by heat
treatment or surface polishing, or combination thereof.
The heat treatment includes hydrogen annealing at an
elevated temperature in a reductive atmosphere
containing hydrogen. The hydrogen annealing can
flatten the surface with less loss of the thickness of
semiconductor base plate 2. The hydrogen annealing is
preferred for treatment of silicon base plate as
semiconductor base plate 2, since the hydrogen
annealing allows impurities such as boron to diffuse
out of the silicon plate surface layer to lower the
impurity concentration simultaneously with the surface
flattening.

The temperature of the hydrogen annealing of

silicon base plate as the semiconductor base plate is



manner as in Enbodiment 4, from SO substrate 1, single crystal 0 JUL 2002
sem conductor layer 4 is renoved by polishing, and insulation Iayéi é 5?&
renoved selectively by etching (Figs. 2Ato 2C). Thereafter, the surface of
recl ai med base plate 5 bared by renoval of insulation layer 3 by selective
etching is flattened by surfacepolishing (Fig. 2D) to obtain a recl ai ned
SO base plate. Enbodinent 7 A seventh enbodi nent of the present invention
is described by reference to Figs. 6A to 6C. SO substrate 1 is provided
which is the object of the reclanation éFL . B6A). SO substrate 1 conprises
seni conduct oPTE4EE ahlyt 80 1aWgrsithgnes3 Pygtﬁpds%ﬂ¥cﬁh@%%¥th¢%yEPe4 f or med
thereon with interposition of f insulation_|la

Lrst er 3, Sin é crystal
sem conduct oMeltdyEe EQ¥§t09FdF}gacPﬁtomgﬁﬁoﬁﬁefﬁg%?£¥i%ﬁoTag $ 897 (Fig.
6B). In th . d i | ati 12 is f by t |
ox dat fon. baep0s e TRELEBRPSRAEHER 03" rb8Y BrathotR AR bk face of
i duct | at . R R i , d,first
Thoulat i on {1 Sast PSR, oNREL i1 RUh T OB PEDIT nBBTIONEE s

is formed, i h%iln%'ofoa@% 3 %ort_em%’jﬁgr thehebie heetahgedoshli gpnchase plgate

5 1is obtained. In particular, in e case where first insulation |ayer

and second i pgiHAtiQR iRy @upktagte.conprised of the sane materi al 30JU
L 2002 - 28 (e. g., silicon oxide), single crystal sem conductor |ayer 4

and first insulationdnyeredsuze be tRBDYEHuSLIVE! aBROYSh¥réNtene step.
Thereby the etching step is sinplified with | ess contam nation by the

et chi ng chenithal hydrddyenbas@epldnhg magl heati hhgheocpsssstxappae 1 An SO
substrate of 400 pmthick was provided which is conprised of a silicon base
pl ate, and a asimugphegriys palessiuriecopr| aysedofed. pragsuheéckbbtr k®d t her eon
with interposition of a silicon oxide layer of 0.2 umthick. Firstly the

si ngl e cryst #refiaraddy Ingfehigherr EhaRedhBya25MeFPReBACPERFRYTPrBEESs. The
et ching was conducted by wet etching Wi_t h ggyeous t et r aget hyl ammoni um

hydr oxi de solidt A ("% BhaRegi Y ‘Tihes AGE&8oRECEEFEPLEN "B ches si | i con

at an etching rate of 0.2 .t0 Q.3 umim.n, but etches silico xide at a rate
%5 Tow as 3 haher Hharhhee 2 s tledingPEraPbeaoah: bmt PEarPiothan | he
single crystaq éﬂli cpnpJ ayer cane to be conpletely etched. In the wet

et chi ng, usuar\y gﬁe back face of the silicon base plate is al so brought

into contact with themg! ghgt 1.80¢nt Be ehehhpdrBHeResAscalih§e back face.
However, even when 50% excess etching is conducted for the single crystal

silicon | ayergeferddis? gHntna %quti&@deF@»BbathEst, hanback haeelomiskhicon base
plate is about 0.3 damthick. Naturally, the back face nay be coated 30
J UL 2002 - FxSctiyal Iphotuhieedisie spngeso&trbmgabouth? hiketaetbod to
prevent the back face etching.
about 10 hours.
The gas for the hydrogen-containing reductive
atmosphere may be pure hydrogen gas or a mixture of
hydrogen and an inert gas such as a gas mixture of
hydrogen and nitrogen.
Naturally, the hydrogen annealing is
applicable, for flattening of the surface, not only in
reclamation of SOI substrates but also to any
semiconductor base plate, particularly silicon base

plates from which its surface insulation layer has been

removed.



Then the silicon oxide |layer was renoved by a silicon oxide etchi?E
process. The etching was conducted by wet etching with an aqueous JUL 2002
hydrof l uoric acid solution. This aqueous sol ution etches silicon oxide
rapidly, but is alnost inert to silicbéB.-Therefore, the etching stopped
automatically when the silicon oxide |layer cane to be conpletely etched,
not causing | oss of the thickness of the silicon base plate. Thus, the
silicon base plate was reclainmed. Thereafter, the surface of the reclained
silicon base plate was flattened by hydrogen annealiqg under the annealing
conditions of the gad$hgt FBEHRAERPS 1§%6“Hy6?05@%,s¥ﬁ€ FRatTetPember at ure
of 1100C, the heating tinme of about 4 hours. In thg anneal i ng under the
above condi t FBRsPet RENPAYSEedt Y hEMPHhPERABES - of AT nERT € m%iﬂﬁﬁg§?$ic%n was
negligible (about 0.001 um. A reclainmed silicon, base.pla havin

excel I ent suFPHEb PPg%ﬁBsg}ﬁﬁngB%a?ﬁeHr?ﬁ?ﬁﬁa %ﬂewgﬁ§%e£§?e%%9ugﬁe | 0SS
of the plate thigckness thro B bov t S.0. silicon
oxi de Iayer,O%.EgﬁﬁféPntﬁg g?ﬁ§h298§95tg 35|ﬁ§%§? ?gyé?%négﬁa%?gnun1of back

si de etchi ”%%@g%@%big' 9889 AbehbRBealeR: phhenbPrt abrOet A8 Py 71 RMnahi ch

corresponds out % of the thickness of original SO substrate.

I nci dent al | yya8hehicR8mCaBvaealr tat sbh8r8¥98nd BelsInkhoémdB82s: 3bheface of
the silicon basé plate simlarly as the back face etching to cause

di mensi on chabgen pollhehpktanebdi ceatiueredf ihhehsi CMEOprbassspbate, which is
extrenely small and is negligible in conparison with the size of the
silicon basedpkakasieag ¢he 20admapphiddabetwen €oepptatévan@Exthpl e 1 The
same SO substrate as in Exanple 1 was provided (Fig. 7A). This SO
substrate 1 wasedubjlecked to grinding (Fig. 7B) and polishing (Fig. 7C) to
renove insulation layer 33, single crystal silicon |ayer 44, and a part of
silicon base plate 2Zn gesBemptipacPrsi fbe SPLi eyhsbrakepl §iBIbe | n the
above renoval treatnment, the renoved | ayer tthknfss t Was aboyt 25 pm In

the above trEXFFEAL, SEMPSPPIPCor| Le8RThAsB ptBFR 35108 PERBVEI™EE cancel
t he defects ch as .distortion _cause the.trea n nd_c
%‘é Pﬁ‘éﬁéﬁ:ﬁ a&é‘tlé’f ey |l%s“q‘:“l%¥L g %lg“é"z .HE| %‘a? BeCE¥Rbdea

di sl ocati on i'’con substra hé above

recl amation %‘g%}:?ﬁ%’ii wilthe 1HBLalRa%R Ghyell beonsRaperehahea?? drencased by

about 6% GCene in a process o substrate production or in a

production |ijpgahaem aeRdecthon sdaw essdiakhowabliechhigikaessthange of the
silicon base plate is imted by the production equi pnent. Wen the

al | owabl e t hisgkigss cafysitha $illicon haserpliat ehbageat byessitihanof5% of the
original thickness, the above reclained silicon base plate is not in the
al | onabl e t hiiekieethe arge, sabdtahceots eheabhsulBvénnwhemerhe Thus
the single crystal semiconductor layer and the
insulation layer can effectively be removed
simultaneously in one etching step.
Naturally, any SOI substrate prepared by other
method than the oxygen ion implantation, and the
bonding method as mentioned above may be reclaimed
according to the present invention.
The bonding method for preparation of the SOI
substrate is conducted specifically, as shown in Figs.

3A, 3B, and 3C, through the steps comprising providing

first base plate 9 having single crystal semiconductor



30J UL 2002 - 31 allowable thickness thereof is not |ess than 900 of
the original thickness, the above reclained silicon base plate may_get .out
of the allowable limt after two or nore tines of repeated recIan%pi sz
di sadvant ageously. From the results-ab8ve, the SO base plate can be
reclaimed with extrenely little loss of the thickness of the silicon base
pl ate according to the present invention. Conparative Exanple 2 A case is
consi dered where insulation layer 3 is renoved by polishing or grinding.
SO substrate 1 conprising silicon base plate 22, and single crystal
silicon Iayeﬁaﬂfqzgﬂﬂﬂﬂﬂ%ﬂ§¥¥é§l§ﬁo%ﬁyﬁﬁ Ri gn §AParatieR| ARKWPEhé: base
plate, insulation |ayer is renoved bﬁ golishing or grinding. The
variation of e Ofesseili SRAMAGOBAUER8T gPXEF ng FEySeaaRe

i f it f. the thick f i il b | at h [
g, 8B In RSO T eRE Bt Endul Ml oA "FE) PSS CBaR B sel oct i vely |

renoved w t haut ggqﬁkﬂg t he v%riation of thitthigk ess _of . the, recl ai ned
n

base plate difFerel y Hf%ﬁ?ihigocgﬁﬁgrgtFVe anp g¥or E§5H%F%r§ An SO

substrate wa roviged i S ] i e single
crystal siIiggﬁéﬁa§§§'mgghfgﬁ%%ggkggge?c iﬁglﬁgagﬁemg ngn%%ﬁﬁéFugg in )

Exanpl e 1. Than dHe stgd: e X i18geh-aye’ rdnsviBO¥RE B¥pardtPod U L 2002 -
32 selective etching with BHF asS the etchant. The bared surface of the

silicon base iplyaire tmodIjrecinedolio sabekiragk- RROMAGI €BE petbsbi ng ( CVP)
with a dispersion of colloidal silica in a sodium hydroxi de solution as the
pol i shi ng agesmicHmlwihprt hasseupflace ahdt heslhagéeptaystahs flattened with
the thickness decrease t of 10 pm Conparative Exanple 3 A phenonenon is
expl ai ned whissmiginguctar rl@yeraboofiedi thegetbayath4angadppastiani on | ayer
3 by polishing, by reference to Figs. 9A to 9H In selected renoval of

i nsul ation | &ferdrB nsplsgicrod ayeye F4g - wBEH - st FRcFigént 881 tef 3€he anount

of the polishing, the problemarises as bel ow, Fig. 9A shows a state of
pol i shing of X9 iteHs& gindicaresh gy BHEPPALERLI BASEnPLAE®t hi ckness.

Tnl hen the thick j.ati f sili b late 22 bef th
pol i'shing i s | arger O ‘e SunPBf PhEIAFEknSEEsTBF I REEP: FoR T ayer 3

and silicon |yl Adndefe ALE1LOLIRE 811 eahORHABLESEN A IUET d0gePOTti On

of silicon base plate I's removed Dby pol 1shing, and another region where

insul ation | ayers3 dasP§ildee loefik uppahbehed: 1§hkaola. cCagerdrhesause the
back face of silicon base plate 22 is enployed as the reference | evel of

wor ki ng i n usiugulpdiichilaged 13swlagt ben fbaywea 3nl ektodapol i shed causes
i nconveni ence in the reuse, whereas |arge polishing anount to avoid the
pr obl em i ncr eszdsdrivhidtoss bafse plate 2, or formed on the both base
plates respectively. It is a matter of cause that
first base plate 9 may be bonded to second
semiconductor base plate 2 with interposition of
insulation layer 3.
Insulation layer 3 may be formed on first base
plate 9 before separation layer 7 is formed on first
base plate 9.
Separation layer 7 may be formed in a porous
state by anodization of the base plate on which the

separation layer is to be formed, or ion implantation

into the base plate. The ions implanted into the base



- 33 3 0 JUL 2002 thickness of silicon base plate 22. On the othg .ﬂ@qﬁﬂin
the present invention, insulation layer 3 is renoved selectively 9
etching, and subsequently polished by CWP, whereby insulation layer 3 is
renoved conpletely and the | oss of theol ayer thickness in reclaimng
silicon base plate 5 is mnimzed without variation of the thickness.
Exanple 3 An SO substrate of 400 umthick was provided which is conprised
of a silicon base plate, and a single crystal silicon layer of 0.2 pmthick
formed thereon with interposition of a silicon oxide |ayer of 0.2 umthick.
To recl ai mt pilat8Oinslbger Aydrofenstibpst heossngferargsgatesi sucbnasayer was
renmoved by CMP. The polishing agent enpl oyed was an abrasion grain

di spersi on cbepévad ofoa,nkxyptenef andf karoabr asnghy geai Anpowder of silicon
oxide and an al kali such as sodi um hydroxide. SO substrate 1 was fixed at
the back facecmpinakderont dhg dPRsdMplarsat¥aPsMpy be GRRIpFEedd with the
bonded SO face directed downward on a |l evel block_having a polishing cloth
sheet bonded®thBREORY ¥RE2H| APB ZMBLERESFEVB| TBERRKAWS T  BY 2P LESHR ati vel y
wi th application. of _a | oad be%me n.the plate and the level block with

f eedi ng of tﬁ@na5PB%FBHa%F8Pn SFEBégE?On at a prescribed rate to conduct
CWP process. This poéisgkg%igroigsgru ikgzegogonggngti grgéda n 30J UL
20U - 34 chenical ZEEPER“ANG a®Kethanidal '8¢ti on. ~A orelgnonatter whi ch
is not renov iCal Skdy dy, 1 oguction) on the
surface of t%gbgfggﬁgbc??EFa a???igo%ﬂlg$£?%cghgﬁggé%ﬁ%vgd mechani cal | y.
Since the ratenehaRekkiliyngnokigkl.i 8RNtBXBHE | BoR&tELMBLYphOWLihEE
polishing is considered to stop automatically, practically to renove

sel ectively sakecCpnaltayeaay bexbmitledsi bircetppsrtdenyayesevwpsatensved in the
- silicon oxide etching step. The etching was conducted by wet etching with
an aqueous buftked&d maydhatieudhec sanedssohotiuoa. aFhtibeasepstratied silicon
base pl ate was obt ai ned.

layer.

Single crystal semiconductor layer 4 can be
formed on separation layer 7 by CVD including low
pressure CVD, plasma CVD, photo-assisted CVD, and MOCVD
(metal-organic CVD); a sputtering system (including
bias sputtering); a molecular beam epitaxial growth; a
liguid-phase growth; or the like.

The separation at separation layer 7, or
removal of separation layer 7 is described below.

The methods of the separation is classified
roughly into two. In one method of the separation, the
multiple layer structure is heated from the outside, or
irradiated with light to accumulate the energy for
separation within the multiple layer structure.
Specifically, the layer having fine micro bubbles or

fine latent micro bubbles formed by implanting ions

such as hydrogen ions, rare gas ions, and nitrogen ions



The reclained silicon base plate after conpletion of the silicon oxide
etching can be reused without further treatnent. However, the rec]&iJtedn
silicon base plate was subjected to hydrogen annealing for further
flattening of the surface in a reduet2ve-atnosphere containi ng hydrogen at
1100C for one hour. Consequently, a reclained silicon base plate was
obtained with excellent surface flatness. In the case where the SO
substrate is prepared by a bondi ng nmethod, and the bonding interface is
bared by etching of the silicon oxide, a portion of the interface nay be
hazed. The hansocihebéidetrbasedpbate] eaqrel hyseprrdtyipwgeayvemnéal i ng. This
reclained silicon base plate is useful not 3 0JU 2001 - 35 only as a
test wafer ofegrRBAPfoitRafenshty wWith ieerersriwet e ofirdievasd@ssubstrate
repeatedly. Exanple 4 An SO substrate was provi ded whi ch was the sanme as
that in ExanpVer8cefKdngi hheetleyaell eRETILon"PSRRRY wiehke vkt iRl Dy CVWP, and

th il i de | g db | ect.i t chi th
as in Exanpl CCTTREIFESHFE: 5 PERREPHED ST | Feom- B pl MP viS SAj ected |

to touch pol haREAG LOr (SHLEAES.L! Bhacssealle ST SKORSS decpease ves 1 um

Through the above stéps, a reclaine i'con Dbase € wasS Obtained with

excel | ent Su&B%gﬁéékawe%ﬁﬁe'lngyﬁgﬁl&af%}’a@%@rdé]@u%r e?ﬁé%ﬁ%i S prepared

by a bondi ng net , and t ng rnterface is ng of the

si licon oxidg,, aeae&h'goereétheﬁti ntRE T 888arByide NAFeM. addfoagse can be
decreased or cleared by the touch polishing.
vicinity thereof is oxidized from the lateral face side
to cause separation by utilizing stress produced by
oxidation film growth.

In another method of the separation, the energy
for the separation is applied directly to the multiple
layer structure from the outside. The method includes
separation by inserting a wedge to the lateral edge
face of the multiple layer structure, separation by
blowing a fluid composed of a liquid containing water
and an etching solution and/or a gas such as air,
nitrogen, and carbon dioxide, separation by breaking
the separation layer by application of pressing forces
in opposite directions onto the front face and the back
face of the multiple layer structure, separation by
breaking the separation layer by application of
shearing force to the lateral face of the multiple
layer structure, separation by slicing with an inner
blade or a wire saw, separation by breaking the

separation layer by application of supersonic

vibration. Two or more of the above method may be



This reclainmed silicon base plate is useful not only as a test wafer or a
nonitor wafer but also for production of the SO substrate repeat gglv‘gj Z'E{ﬁe
t hi ckness | oss through the above steps was 0.2 um of the silicon i é

| ayer, 0.2 umof the single crystal ~-sRRieon |ayer, and the touch polishing
loss of 1 um nanely 1.4 pmin total, which corresponded to about 0.35% of
the thickness of the original SO substrate. 30J Ul 2002 - 36 The
present invention is characterized in that the process of renoval of the
surface |layers of the silicon base plate conprises a polishing step and a
subsequent etcombigesilap emplovedy, relatively thick |ayer of the |ayer
structure can be renoved selectively in a short time with little |oss of
the base plate thi cki®ss etehephefRsr EeMRHéRInECRAFRABPR &B¥RENY P¥ found
for an upper l|layer of a_layer structure conprised of two or nore |ayers,
the |ayers c&t r%bﬁﬁﬁ%ﬂdfélQ@P?@&FyKRFtﬁgEPF%PESPo§§u8?“ﬁh§aﬁﬁse pl ate

t hi ckness. Exanpl.e 5 An_SQ substrate. of 400 pm thi ck vided which is
conpri sed of%éﬂ%339951 5&Se "B & e?ogﬁglgn§iﬁaﬁgaépﬁggaﬁgéfg%ggﬂrfﬁyer of
0.2 umthick fqroed.. reqn. W th i:n it of a first silicon oxide of
0.2 umthick® FVst1§gﬁﬁ59§?ﬁglgngrégégﬁés%kggbn | ayer was oxidi zed by

thermal oxidation to kl i Xk eat her mal
oxi dation, the back P%%%@%? ?ﬁggggﬁﬁgohggggg %ﬁgFgaﬁggna#ggégx?dized in the

same thiCkﬂG%%fﬁéd|yﬁ5?ﬂﬂ¥ﬁ3u%@gsbaht§ibLCﬁ6t|@MegecaﬁHE|y 0.2 umto forma
back face silicon oxide |layer. Next, the first silicon oxide |ayer, the

second sili cermddifiuce’ badedpllhtebackchaceesickttanmedi de | ayer were
renoved by wet etching in a silicon oxide etching step. The wet etching was
conduct ed w tdubstantidlly Wilth2Q@2los870f the thickness of the

second semiconductor base plate 2.

An SOI substrate which is formed by the

aforementioned bonding method, after the reclamation,

the bared surface of the second silicon base plate 2

may be a bonding interface between the first silicon

base plate and the second silicon base plate. In such

a case, the bared bonding face may have residual haze

on the bared surface. Here the haze means scattering

of reflected light on the surface by fine roughness

(cycles of several nanometers) of the surface of the

silicon base plate after removal of the oxide film to

give white appearance. Namely, the term "haze" means a

state that a part of the surface of the silicon base

plate is tarnished to turn white. One of the causes of

the haze is considered to be the moisture enclosed in

the bonding interface during the bonding. In the

present invention, the haze can be cleared by hydrogen

annealing or CMP of the surface of the reclaimed



aqueous sol ution of HHF (buffered hydrofluoric acid). This aqueous sol ution
etches silicon oxide rapidly, but is alnost inert to silicon. Therﬁj 9uE

the etching stopped automatically, when the first silicon oxide |ayer, ?‘Wé
second silicon oxide |ayer, and the -ba&k face silicon oxide |ayer cane to
be conpletely etched, not causing |loss of the thickness of the silicon base
plate. Thus, the silicon base plate was recl ained. The thickness | oss

t hrough t he above steps was 0.2 umof the first silicon oxide layer, 0.2 um
of the single crystal silicon layer, and 0.2 um of the back face portion of
the silicon bakblgeathkasepdate Riteradthe awids fidn gerdtalesponded to
about 0.15% of the thickness of the original SO substrate. Thus a

recl ai med base pl ate BheS a Pt ot s forl FHERIQT AT t9Hawie ffe SHRA ded in
which the I oss of the thickness of the base plate is decreased, according

to this ExanpP®. PTAARRELOD oty SAHhSWIteayf 1IkK & Ranfing neid@% i on
| b d,sinult ly i 1 by t tchi t
et pl 11§ e R SRR SR T AP A o LR RACT RARSR Tt he o1l con
base plate iswf'gllno @‘h?c% s SPd; CONLRALNAL O fys Ah{4 Py ty formed from

e c

chem cals is reduced. cording to the present 1nvention, |ayer portion can

be sel ectively renmoveghf&om an, 3 a&bSd S Nad "] Y Hesiid Wt ure, so

that a base plate can be reclainmed with extrenely little | oss of 3 0 Ju

2002 - 38 theréPigkngss oindle bapacdl aifiddie vaad gk hasg; pl ate,

according to the present invention, can be reused repeatedly in
applications payj ngothisynesStohd ngiBvide heeamSE7 adn eotig iy little | oss

of the thickness in the reclamation. Therefore, the present invention is
advant ageous sunfiatdeost aimipbe ntrydtalndaiskical hasslysltatm,10 eS0ig ce savi ng,
and environmental protection. 30JUI 2002 - 39 WHAT IS CLAIMED I S: 1.
A process for4Becl Borning apliEne serirdral 1oy ildyry 44 on porous
silicon layer 77 (Fig. 4C), forming thermal oxidation
film 33 on the surface of single crystal silicon layer
44 (Fig. 4D), bonding second single crystal silicon
base plate 22 thereon to obtain a multiple layer
structure (Fig. 4E), and separating the multiple layer
structure at porous silicon layer 77 or removing porous
silicon layer 77 to obtain an SOI substrate (Fig. 4F).
From the SOI substrate formed above, single
crystal silicon layer 44 is removed in the first
removal step of the present invention (Fig. 4G), and
then thermal oxidation film 33 is removed selectively
(Fig. 4H).
In the above process, second single crystal
silicon base plate 22 can be reclaimed without
decreasing the thickness thereof from the SOOI

substrate. Naturally, the aforementioned haze can be

further reduced by surface treatment.



UL, 200
a step of providing an SO substrate having a sem condug’t base pl ate, and
a single crystal sem conductor |ayer formed thereon with |nterposr tion of
an insulation layer; a first renoval step for renoving the single crystal
sem conductor |ayer; a second renoval step for renpving the insulation
| ayer which has been exposed 4m the first renoval step to bare a surface of
the sem conductor base plate; and a step of flattening the bared surface of
t he sem conduct or base plate by heat-treati ng in a reductive atnosphere
cont ai ni ng hydrogen the sem conductor base \:e.;,tx@r’“eal ternatively, by
subj ecting the surface to chem cal chark pol i shi ng, 40oél atten the
bared surface of the sem condiset,o of*Base pl at% WorEPn The SO substrate
has been fabri cat elqo»bzyela Hfondr ng t,ﬁqci,coahﬁ’ the bared surface of the

sem conduct or B8s? pl ate hg ess of sey \aér%afnorret ers in cycle. 3
0 JuL 2002 - 40 2 e&cprr,o Ss for re lnac\ﬁ\ﬁﬁsan SO ubstrate according to
claim 1 ar d si ng %5 sem condtg;ggys is an epitaxial
| ayer. proces s chowtr 2T ai m ng strate @Cﬁp{@r ng to claiml,
wher ei n substrate isok@Bri Cat ed by a @amee onprised of a step
of i npl ai‘h |ng h¥ |"3?? nrtrogl rbdrom? ng rare ﬁﬁm?@ 4. A process

for prodté Legah t8cl ai rred ?gstsbn? onduct or % corrprr sing the steps
of : bondi'ng a fi ritslb@éé" te and an&ehﬂ ase pI at %tlbem)vr ng a portion
of said b @v SO as t‘ga s| ngl e Q{W &IGP?em conductor | ayer and
an insul ation Ia)ée\gngnts%ﬁ second _bgs®, ptete; y by



removing said insulation layer fromsaid second base plate by selective
etching; and heat-treating in a reductive atnosphere contai ning hydrogen
sai d second base plate having a bared sen conductor surface which 33Ul 200
roughness of several nanoneters in cyci=®.-

CACA Ayl A& ACA A AY. A A AaT L AEAY.ALLALLA(LA LA AAE A AY.A

S. AyR AN2. A2. AL2. AL2. ALY. A9, | . A&Y. A&Y. Aa&l . AY. A& Al . A(LY. Aay) . A3. AF{f Z$*(0
JT| wrmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a]
ca] ca] ca] ca] ca]ca] ca] caU] c<a]c<a]ca]ca!"(7f/noF|3WO0!?! @!!}xsnid_Z]]ca]ca]
cal ca] ca] ca] cadsef tiadd apy afeg raxjca ] ta | Kig<a] 2 |ea]2@] caata] ca] ca] cal ca] caj
caljcalca]jcalcalcal !l $"M|"""#, .
#p####@/v%/&/%\ébstr&’sawﬂ i %9 wuided /yhdseh o cisdessn] o icajrehjatadca) cal cal ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] calcalca]calcalcalcalcalcal /Dt
[1110144444] 5p&s% 09 98 950> AyREDIRJ xanl s iZlglen|axsiea] ca] cal ca] cal ¢
a] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] caj ca ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calb
| gl xI bKLNNNP® WQD@GG(Z?IW ayex ck HFeRsmive &1 e ddta) cal ca

caJ ca]ca]ca] ca]ca ca ca ca ca caJ ca] ca] ca] ca
] ca]I rm]noo]@ IVLGTEJ/\H}%\)(‘ J’r?%é‘i Fé<g§1 ] ] aﬁ%&ﬁﬂ?a]‘lc‘ﬂ]%%ﬁ%]ca] ca] ca] ca] ca]
cal cal ca] cal cgl ¢alsal A }&P]Eaéé’r?étﬂ&%l 5168 Al sl casplap! o 18

pw

G W} xsni d_Z] &a] S g g@ cal g cg]lc&}cc &al]zsgag]%l@c@%a ca] clq.] cha] cajcalc
aJca] ca] ca]caJca]ca ca ca] calca ] ca ca] cajcalca]calc
aJ ca] ca] ca] cajg j_:g]g fﬂl&fé ﬁadé]aﬂ‘;é]aﬂ {,]q.] cl.fg] caljca]calc
a]cal! Tz$qg~ dk}xs%%d Z] ca cgf cal ca caj ca] cal calca] ca] ca]ca
] ca] ca] ca] ca] pﬁigal z@) C%caiﬁaiﬁa}@aiaﬁ@@]% 105 & () - 9! y10% o' 0& () -
gy10% s& ()-g 10% o0& ()- 10% o0& ()-M &10% 0' 0& ()-9}"SH=! 10'0 10'0 10'0
<10% o0& ()-!'9*10% #' #ﬁmmddiﬁéﬁmﬁm&f()-!!'10@@0&f()--!'1096&f()--( 0 a?SH=!
F109%&R' ()- 10% o0& ()- '109%& ()-10% o0& ()-10% o0& ()-L" 10% o0& ()-0 ~ @
13109%6& () -, &10% &' (A -second embodiment of the present invention is

described by reference to Figs. 2A to 2D. In the same

manner as in Embodiment 1, single crystal semiconductor

layer 4 and insulation layer 3 are removed from SOI

substrate 1 respectively by etching (Figs. 2A to 2C).

Thereafter, the surface of reclaimed base plate 5

having been bared by the removal of insulation layer 3

by selective etching is flattened by hydrogen-annealing

(Fig. 2D) to obtain a reclaimed SOI base plate.

Embodiment 3
A third embodiment of the present invention is

described by reference to Figs. 2A to 2D. In the same

manner as in Embodiment 1, single crystal semiconductor

layer 4 and insulation layer 3 are removed from SOI

substrate 1 respectively by etching (Figs. 2A to 2C).

Thereafter, the surface of reclaimed base plate 5 bared

by removal of insulation layer 3 by selective etching
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is flattened by surface polishing (Fig. 2D) to obtain a
reclaimed SOI base plate.
Embodiment 4
A fourth embodiment of the present invention is
described by reference to Figs. 2A to 2C. SOOI
substrate 1 is provided which comprises semiconductor
base plate 2 to be reclaimed and single crystal
semiconductor layer 4 formed thereon with interposition
of insulation layer 3 (Fig. 2A). Single crystal
semiconductor layer 4 constituting the surface layer of
SOI substrate 1 is removed by polishing (Fig. 2B).
Then Insulation layer 3 is removed selectively by
etching (Fig. 2C) to obtain reclaimed base plate 5.
Embodiment 5
A fifth embodiment of the present invention is
described by reference to Figs. 2A to 2D. In the same
manner as in Embodiment 4, from SOI substrate 1, single
crystal semiconductor layer 4 is removed by polishing,
and insulation layer 3 is removed selectively by
etching (Figs. 2A to 2C). Thereafter, the surface of
reclaimed base plate 5 having been bared by removal of
insulation layer 3 by selective etching is flattened by
hydrogen-annealing (Fig. 2D) to obtain a reclaimed SOI
base plate.
Embodiment 6

A sixth embodiment of the present invention is

described by reference to Figs. 2A to 2D. In the same
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manner as in Embodiment 4, from SOI substrate 1, single
crystal semiconductor layer 4 is removed by polishing,
and insulation layer 3 are removed selectively by
etching (Figs. 2A to 2C). Thereafter, the surface of
reclaimed base plate 5 bared by removal of insulation
layer 3 by selective etching is flattened by surface-
polishing (Fig. 2D) to obtain a reclaimed SOI base
plate.

Embodiment 7
A seventh embodiment of the present invention

is described by reference to Figs. 6A to 6C. SOI
substrate 1 is provided which is the object of the
reclamation (Fig. 6A). SOI substrate 1 comprises
semiconductor base plate 2, and single crystal
semiconductor layer 4 formed thereon with interposition
of first insulation layer 3. Single crystal
semiconductor layer 4 is oxidized into second
insulation layer 12 (Fig. 6B). In the case where
second insulation layer 12 is formed by thermal
oxidation, back side insulation film 13 is formed also
on the back face of semiconductor base plate 2. Second
insulation layer 12, and first insulation film 3 are
removed by etching. Back insulation layer 13, if it is
formed, is simultaneously removed. Thereby, reclaimed
silicon base plate 5 is obtained. 1In particular, in

the case where first insulation layer 3 and second

insulation layer 12 are comprised of the same material
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(e.g., silicon oxide), single crystal semiconductor
layer 4 and first insulation layer 3 can be removed
simultaneously in one step. Thereby the etching step
is simplified with less contamination by the etching
chemical in the base plate reclamation process.

Example 1

An SOI substrate of 400 uym thick was provided
which is comprised of a silicon base plate, and a
single crystal silicon layer of 0.2 pm thick formed
thereon with interposition of a silicon oxide layer of
0.2 um thick.

Firstly the single crystal silicon layer was
removed by a silicon etching process. The etching was
conducted by wet etching with aqueous
tetramethylammonium hydroxide solution (0.5% by
weight). This aqueous solution etches silicon at an
etching rate of 0.2 to 0.3 pm/min, but etches silicon
oxide at a rate as low as 3 A/min. Therefore, the
etching stopped automatically when the single crystal
silicon layer came to be completely etched. In the wet
etching, usually the back face of the silicon base
plate is also brought into contact with the etchant,
and the etching proceeds at the back face. However,
even when 50% excess etching is conducted for the
single crystal silicon layer of 0.2 pm thick, the
etching of the back face of silicon base plate is about

0.3 pum thick. Naturally, the back face may be coated
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prevent the back face etching.

Then the silicon oxide layer was removed by a
silicon oxide etching process. The etching was
conducted by wet etching with an aqueous hydrofluoric
acid solution. This agueous solution etches silicon
oxide rapidly, but is almost inert to silicon.
Therefore, the etching stopped automatically when the
silicon oxide layer came to be completely etched, not
causing loss of the thickness of the silicon base
plate. Thus, the silicon base plate was reclaimed.

Thereafter, the surface of the reclaimed
silicon base plate was flattened by hydrogen annealing
under the annealing conditions of the gas atmosphere of
100% hydrogen, the heating temperature of 1100°C, the
heating time of about 4 hours. In the annealing under
the above conditions, the loss of the thickness of the
reclaimed silicon was negligible (about 0.001 pm).

A reclaimed silicon base plate having excellent
surface flatness was obtained through the above steps.
The loss of the plate thickness through the above steps
was 0.2 pm of the silicon oxide layer, 0.2 pm of the
single crystal silicon layer, and 0.3 pm of back side
etching in the silicon etching step, the total being
0.7 pm, which corresponds to about 0.2% of the

thickness of original SOI substrate.

Incidentally, etching can occur at the edge
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face of the silicon base plate similarly as the back
face etching to cause dimension change in the plane
direction of the silicon base plate, which is extremely
small and is negligible in comparison with the size of
the silicon base plate (e.g., 200 mm in diameter).

Comparative Example 1

The same SOI substrate as in Example 1 was
provided (Fig. 7A). This SOI substrate 1 was subjected
to grinding (Fig. 7B) and polishing (Fig. 7C) to remove
insulation layer 33, single crystal silicon layer 44,
and a part of silicon base plate 22 to obtain reclaimed
silicon base plate 5. 1In the above removal treatment,
the removed layer thickness t was about 25 pm. In the
above treatment, a part of silicon base plate 22 was
removed to cancel the defects such as distortion caused
by the treatment and crystal dislocation on the surface
of silicon substrate 22. In the above reclamation
treatment. the thickness of silicon base plate 22
decreased by about 6%.

Generally, in a process of SOI substrate
production or in a production line of semiconductor
devices, allowable thickness range of the silicon base
plate is limited by the production equipment. When the
allowable thickness of the silicon base plate is not
less than 95% of the original thickness, the above
reclaimed silicon base plate is not in the allowable

thickness range, and is not reusable. Even when the
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allowable thickness thereof is not less than 90% of the
original thickness, the above reclaimed silicon base
plate may get out of the allowable limit after two or
more times of repeated reclamation, disadvantageously.

From the results above, the SOI base plate can
be reclaimed with extremely little loss of the
thickness of the silicon base plate according to the
present invention.

Comparative Example 2

A case is considered where insulation layer 3
is removed by polishing or grinding. SOI substrate 1
comprising silicon base plate 22, and single crystal
silicon layer 44 is provided as shown in Fig. 8A. To
reclaim the base plate, insulation layer 3 is removed
by polishing or grinding. The variation of the amount
of the polishing or the grinding may cause
nonuniformity of the thickness of reclaimed silicon
base plate as shown in Fig. 8B.

In the present invention, insulation layer 3
can be selectively removed without causing the
variation of the thickness of the reclaimed base plate
differently from this Comparative Example 2.

Example 2

An S0I substrate was provided which was the
same as that in Example 1. The single crystal silicon

layer was removed by etching in the same manner as in

Example 1. Then the silicon oxide layer was removed by
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selective etching with BHF as the etchant. The bared
surface of the silicon base plate was subjected to
chemical-mechanical polishing (CMP) with a dispersion
of colloidal silica in a sodium hydroxide solution as
the polishing agent. Thereby the surface of the base
plate was flattened with the thickness decrease t of 10
pm.
Comparative Example 3
A phenomenon is explained which occurs in
removal of silicon layer 44 and insulation layer 3 by
polishing, by reference to Figs. 9A to 9B.
In selected removal of insulation layer 3 and
silicon layer 44 with strict control of the amount of
the polishing, the problem arises as below. Fig. 9A
shows a state of polishing of silicon base plate 22
having variation in the thickness. When the thickness
variation of silicon base plate 22 before the polishing
is larger than the sum of the thicknesses of insulation
layer 3 and silicon layer 44, there are formed a region
where the surface portion of silicon base plate 22 is
removed by polishing, and another region where
insulation layer 3 is partly left unpolished. This is
caused because the back face of silicon base plate 22
is employed as the reference level of working in usual
polishing. Insulation layer 3 left unpolished causes

inconvenience in the reuse, whereas large polishing

amount to avoid the problem increases the loss of
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thickness of silicon base plate 22.

On the other hand in the present invention,
insulation layer 3 is removed selectively by etching,
and subsequently polished by CMP, whereby insulation
layer 3 is removed completely and the loss of the layer
thickness in reclaiming silicon base plate 5 is
minimized without variation of the thickness.

Example 3

An SOI substrate of 400 pm thick was provided
which is comprised of a silicon base plate, and a
single crystal silicon layer of 0.2 um thick formed
thereon with interposition of a silicon oxide layer of
0.2 pm thick.

To reclaim this SOI substrate, firstly the
single crystal silicon layer was removed by CMP. The
polishing agent employed was an abrasion grain
dispersion composed of a mixture of a fine abrasion
grain powder of silicon oxide and an alkali such as
sodium hydroxide. SOI substrate 1 was fixed at the
back face by a wax onto a glass plate. This plate was
placed with the bonded SOI face directed downward on a
level block having a polishing cloth sheet bonded
thereon. The plate and the level block were rotated
relatively with application of a load between the plate
and the level block with feeding of the abrasion grain

dispersion at a prescribed rate to conduct CMP process.

This polishing process utilizes combination of a
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chemical action and a mechanical action. A foreign
matter which is not removable chemically (a residue
formed in SOI production) on the surface of the single
crystal silicon layer can be removed mechanically.
Since the rate of polishing of silicon oxide is
extremely low, the polishing is considered to stop
automatically, practically to remove selectively
silicon layer.

Next, the silicon oxide layer was removed in
the silicon oxide etching step. The etching was
conducted by wet etching with an aqueous buffered
hydrofluoric acid solution. Thus a reclaimed silicon
base plate was obtained.

The reclaimed silicon base plate after
completion of the silicon oxide etching can be reused
without further treatment. However, the reclaimed
silicon base plate was subjected to hydrogen annealing
for further flattening of the surface in a reductive
atmosphere containing hydrogen at 1100°C for one hour.

Consequently, a reclaimed silicon base plate
was obtained with excellent surface flatness.

In the case where the SOI substrate is prepared
by a bonding method, and the bonding interface is bared
by etching of the silicon oxide, a portion of the
interface may be hazed. The haze can be decreased or

cleared by the hydrogen annealing.

This reclaimed silicon base plate is useful not
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production of the SOI substrate repeatedly.

Example 4

An SOI substrate was provided which was the
same as that in Example 3. The single crystal silicon
layer was removed by CMP, and the silicon oxide layerx
was removed by selective etching in the same manner as
in Example 3. The resulting reclaimed silicon base
plate was subjected to touch polishing for surface
flatness. The thickness decrease was 1 um.

Through the above steps, a reclaimed silicon
base plate was obtained with excellent surface
flatness.

In the case where the SOI substrate is prepared
by a bonding method, and the bonding interface is bared
by etching of the silicon oxide, a portion of the
interface may be hazed. The haze can be decreased or
cleared by the touch polishing.

This reclaimed silicon base plate is useful not
only as a test wafer or a monitor wafer but also for
production of the SOI substrate repeatedly.

The thickness loss through the above steps was
0.2 pm of the silicon oxide layer, 0.2 um of the single
crystal silicon layer, and the touch polishing loss of
1 pym, namely 1.4 pm in total, which corresponded to

about 0.35% of the thickness of the original SOI

substrate.
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the process of removal of the surface layers of the
silicon base plate comprises a polishing step and a
subsequent etching step. Thereby, relatively thick
layer of the layer structure can be removed selectively
in a short time with little loss of the base plate
thickness. Furthermore, when no suitable etchant is
found for an upper layer of a layer structure comprised
of two or more layers, the layers can be removed
selectively with little loss of the base plate
thickness.

Example 5

An SOI substrate of 400 pm thick was provided
which is comprised of a silicon base plate, and a
single crystal silicon layer of 0.2 pm thick formed
thereon with interposition of a first silicon oxide of
0.2 um thick.

Firstly the single crystal silicon layer was
oxidized by thermal oxidation to form a second silicon
oxide layer. In the thermal oxidation, the back face
of the silicon base plate was also oxidized in the same
thickness as the single crystal silicon layer, namely
0.2 pym to form a back face silicon oxide layer.

Next, the first silicon oxide layer, the second
silicon oxide layer, and the back face silicon oxide

layer were removed by wet etching in a silicon oxide

etching step. The wet etching was conducted with an
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aqueous solution of BHF (buffered hydrofluoric acid).
This agueous solution etches silicon oxide rapidly, but
is almost inert to silicon. Therefore, the etching
stopped automatically, when the first silicon oxide
layer, the second silicon oxide layer, and the back
face silicon oxide layer came to be completely etched,
not causing loss of the thickness of the silicon base
plate. Thus, the silicon base plate was reclaimed.
The thickness loss through the above steps was
0.2 pym of the first silicon oxide layer, 0.2 um of the
single crystal silicon layer, and 0.2 pm of the back
face portion of the silicon base plate, namely 0.6 pm
in total, which corresponded to about 0.15% of the
thickness of the original SOI substrate.
Thus a reclaimed base plate and a process for
production thereof are provided in which the loss of
the thickness of the base plate is decreased, according
to this Example. In this process, the silicon layer
and the insulation layer can be removed simultaneously
in one step, whéreby the etching step is simplified.
Further, irregular etching of the back face of the
silicon base plate is not caused, and contamination by
an impurity formed from chemicals is reduced.
According to the present invention, layer
portion can be selectively removed from an SOI

substrate having a layer structure, so that a base

plate can be reclaimed with extremely little loss of



10 10 10! &YA0%&' () - &YA0%& ()- !'&10%& ()- &10%& ()- !10%vé& ()-$Erdv70
10&MMO%&' ()- 1055 1055 1055!10%55&'()-10%&'()-3:10%5&'()-&le%B&"g%TJULZmn
}[9dV70 10!3y 109%& ()-!'3y 109%& ()-!3y 109%& ()-'F - 10%&' ()-F&
109 ()-Ss10%& ()-nopg~r S10! Y&S 10%&k- (38y-109& ()-s' f109%& ()- 10 10
10! 3Ly 109%&' ()-z!3L!'y 109%& ()-zR7dkwUér S10! F@MLO%&' () -! Y@ 10%"& ()-! Y@
109 ()-!'Ff 109k ()-S'Ff 10%& ()-S!'Y&S 109%& () - kM wUér S10! F@MLO%&' () -! Y@
108 7& () -1 F&F 109 ()- !'F&f 109%&' ()- F& 109%&k' () -

the thickness of the base plate.

The reclaimed base plate, according to the

present invention, can be reused repeatedly in

applications having thickness limitation because of

extremely little loss of the thickness in the

reclamation. Therefore, the present invention is

advantageous from the standpoint of industrial

production, resource saving, and environmental

protection.
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WHAT IS CLAIMED IS:

1. A process for reclaiming an SOI substrate,

comprising:

a step of providing an SOI substrate having a
semiconductor base plate, and a gingle crystal
semiconductor layer formed thereon with interposition of
an insulation layer;

a first removal step for removing the single
crystal semiconductor layer;

a second removal step for removing the
insulation layer which has been exposed in the £first
removal step to bare a surface of the semiconductor base
plate; and

a step of flattening the bared surface of the
semiconductor base plate by heat-treating in a reductive
atmosphere containing hydrogen the semiconductor base
plate, or alternatively, by subjecting the surface to
chemical mechanical polishing to flatten the bared
surface of the semiconductor base plate,

wherein the SOI substrate has been fabricated
by a bonding method, and the bared surface of the

semiconductor base plate has roughness of several

nanometers in cycle.
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2. A process for reclaiming an SOI substrate
according to claim 1,
wherein said single crystal semiconductor layer

is an epitaxial layer.

3. A process for reclaiming an SOI substrate
according to claim 1,

wherein said SOI substrate is fabricated by a

procesgs comprised of a step of implanting hydrogen ions,

nitrogen ions and rare gas ions.

4. A process for producing a reclaimed SOI

semiconductor substrate, comprising the steps of:

bonding a first base plate and a second base
plate;

removing a portion of said base plate so as to
leave a single crystal semiconductor layer and an
insulation layer on said second base plate;

removing said insulation layer from said second
base plate by selective etching; and

heat-treating in a reductive atmosphere
containing hydrogen said second base plate having a bared
semiconductor surface which has roughness of several

nanometers in cycle.



