;e3eZZDiB>6tTg; T 2 6 JUN 2002 - 1 ©NMETHOD AND APPARATUS FOR ETCHI NG A Yﬁ
SEM CONDUCTOR ARTI CLE AND METHOD OF PREPARI NG A SEM CONDUCTOR ARTI CLE BY
USI NG THE SAME 5 BACKGROUND OF THE | NVENTI ON Field of the Invention gTHiN002
invention relates to a method and an apparatus for etching a sem conduct or
article and also to a nethod of preparing a semiconductor article by 10
using the sanme. Mre particularly, the present invention relates to a

nmet hod and an apparatus for etching a sem conductor article having a
silicon filmand also to a nethod of preparing a sem conductor article by
using the same. 15 Rel ated Background Art In the technol ogical field of

silicon type semveandichip ¢eigesrgndront egcat g & sEMIEONDACIr@RIE nunber
of researches have been nmade to date on devices having a sem conductor on

insulator (SO) sRMUICHE eN) MEMIE eoF yREPARIRGNY S8ERIaoNBUCTYR: al

sem conductor filmformed on a filminsul ator because such devices provide
a reduced parasitic capacitanBeICARE BYpUSINEG mMexd SAMEe agai nst radi ation
and an easy device isolation, which can lead to a high speed/| ow vol tage 25
operation of transistors, a |ow power consunption, an enhanced degree of
adaptability to integration and a significant reduction in the nunber of
manuf actdur i nBACKGROUND R pBHE nENVENEEOW! i i nati on of the wel | -producing

steps. .
Field of the Invention

This invention relates to a method and an
apparatus for etching a semiconductor article and also
to a method of preparing a semiconductor article by

10 using the same. More particulariy, the present
invention relates to a method and an apparatus for
etching a semiconductor article having a silicon film
and also to a method of preparing a semiconductor
article by using the same.

15 Related Background Art

In the technological field of silicon type
semiconductor devices and integrated circuits, a large
number of researches have been made to date on devices
having a semiconductor on insulator (S0I) structure

20 produced by utilizing a single crystal semiconductor
film formed on a film insulator because such devices
provide a reduced parasitic capacitance, an improved
resistance against radiation and an easy device
isolation, which can lead to a high speed/low voltage

25 operation of transistors, a low power consumption, an
enhanced degree of adaptability to integration and a

significant reduction in the number of manufacturing

VI N
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Known substrates having an SO structure (SO substrates) include SOS
(silicon on sapphire) 2 6 JUN 2002 5 substrates, those prepared by
oxidizing the surface of an Si single crystal substrate, formng a 'ggnm%
to expose part of the Si substrate and-r@alizing a | ateral epitaxial growt
by using that area as seed to forma Si single crystal film(layer) on the
Si 02 surface, 10 those prepared by using a Si single crystal substrate
itself as active layer and formng a silicon oxide filmthereunder, those
prepared by using a substrate having a dielectrically isolated Si single
crystal regi 6¥eps dncHivdd neoleigtifs el on nef Skhe ayet L apgoduFivdnded by a 15
V- shaped groove and SO substrates prepared by neans of dielectric

i sol ati on i n¥3®AShg oxi dation of porous Si, which is referred to as FI PGS

(full isolation by porous si Iico%%. Recently, the SIMX %se aration by
i npl anted 20 oxyg&MPWe R TR S AT et er SBENAFRYCERERNSPEJy seem to be

in the main stream of the techpol ogical.field of producing SO structures.
The SI MOX t e EHPHEGF SRS Hfbcéd’r‘{]eed&?%r(a% 109 sony PRBP[ATEa 78 (K. lzum, M

Doken apd N. Ariyaoshi, Electron. letf, .14 2 978) _p 3L... Lt provides a
met hod Of foF’rLf]ibr%trg S ed Eiq i%%erp%%(?%ébqgi(?)r{é%%ﬁll%%l gﬁgi )ﬁarg%(/:%e§f: ons

into a silicap %lib%&r“?l%rﬂ‘%q’m%%f b lLé(t‘Q?a}E.é‘I“'f'g’g iggwinéog 3l N 2002 - 3

it at high tenperatur ndi ng techno provi des, on the other

hand, a vari %E%)c@:e tReiguaghd o1 thivdiPgeonenaf rLheibonded wWafersii n the
process of producing an SO 5 structure. (BPSO) This is one of the nost

basi ¢ procesegs taidlaluigddwaes Bplusihdigch#c satégoasoxeda fol ol Bormed on
the surface of one or both of a pair of wafers, which 10 are bonded

t oget her. Subdequieniley croreetadf f£ien Waleyesr ) sobhthaediby surfaceag and

pol i shing. (PACE) The plasma assisted chem cal etching (PACE) process was
devel op8d t o thoweo\perederatiliorusing of 31| sindglehcckatsd efibsheagiengl e
crystal layer of SO structure (referred to as SO |ayer) obtained by

pol i shing. Wittsetlfi @ @sinivgue,ayer dnd fernthReesssisigenserddeatf iliousands

of highly densely distributed neasuri ng points on the wafer. Then, a plasnma
source havi nFrersyrdicfiret IOt RERRAERD Py | PHdREr8 FUPELredR PEVIOh t he

filmat a scannj,ng rate carresponding.to.the filmthickness to vary the
et chi ng rateaasrglljl N Sh ot Jt%‘%&dﬁ?dmghi%krﬁ%%% ng%FEufﬁgﬁoﬁnﬁ’ fer eby

L&’g‘;gge;hfo‘é%ﬁ%%g{bgg-o%rﬁﬁéﬂﬂé N LKNESSr 2ra( HiPR%ENRLACESS USI NG
15 V-shaped groove and SOI substrates prepared by means of
dielectric isolation involving oxidation of porous Si,
which is referred to as FIPOS (full isolation by porous
silicon).
Recently, the SIMOX (separation by implanted
20 oxygen) technology and the wafer bonding technology
seem to be in the main stream of the technological
field of producing SOI structures. The SIMOX
technology was reported for the first time in 1978 (K.
Izumi, M. Doken and H. Ariyoshi, Electron. Lett. 14
25 (1978) p.593). It provides a method of forming a

buried silicon oxide film by implanting oxygen ions

into a silicon substrate and subsequently heat-treating



A novel technique for producing a bonded SO substrate was recently
reported by M Hrue in 2 6 JUN 2002 - 4 Electronics Letters, 31 K@Q@@HWZ
p. 1201 and al so di sclosed in Japanese Patent Application Laid-Open
5-211128 and U.S. Patent No. 5,374,564.-V8th this process, an oxidized

waf er that has been inplanted with 5 ions of a |light elenent such as

hydr ogen or an inert gas elenent over the entire surface thereof is bonded
to anot her wafer and subsequently heat-treated. Then, the wafer is cleaved
during the heat treatnent at the depth to which ions have been inpl ant ed.
As a result, 18 efePrgPeltomdededdTSbove the projection range of inplanted
ions is transferred _onto the other fer t roduce an SO structure.
(Epi t axi al Layer TFQﬁéﬁ@FfrJ555£5%¥£$%ﬁqgﬂéié§y:f%ﬁ%ﬁ 3. and EP%. Pat ent
No. 15 5,371,0 describe _an_excelle techni que for preparing an SO
substrate by P%gﬁ& g’laﬁdng aavﬁr&&ec & ysttea% 1aqlépfs 0%05 Jf)%f%rﬁlsn a§8% 8fto
anot her subst e i o] IS Al r LAY
(registered t]ri:g erkl)él;lrlr;ee‘%l %%%I%Giuosnlei%artz],e Ié&%%a gﬁfﬁ%&?\i.ﬁé@é&og AppF. 20
Phys. Lett. 64+(18%4)e P-2108). As discussed above, in the field of SO
substrates, snoothing the rough surface result of etching, ion inplantation
and treatnent apggoapart fromthis, formng 25 single crystal silicon with
a | ow boron by renoving boron diffused into the SO nmjor problens that
have to be sol ved shpkodyceteas fa thidhsederadinatppdcSited ayest of
concentration |ayer are the ~mehow to - 5 inprove the breakdown voltage
of the gate oxitdéikelsmpoiliehdmat.r olA &filtikrass hmtiddey of 1 lageli s nEMIBE&EToand t he
carrier nobility of MOSFET in order to inprove the performance of silicon
type sem condébeosutidriceeof BnEhe, bediti qUs & ewhiii (it swaingees beehiphoposed
to solve z s ~u~ 2002 these problens for each of the above |isted nethods
for prep@ringasel bondedr dpgethgr-h Sydsaamretbf oceRe @i e hyafegen i on

i npl antation, the surface of the wafer separated along 10 the projection
range shows aiPodPiRPsR- SyusFd Gt SuPRL €HuRHRSEs (Rrms) of | Onm and the

surface | ayer Egg qanages caused by ion inplantation. Such a wafer is
snoot hed to ré E'the | ayer damaged by ion inplantation by polishing and

o e ot LoFSs  ERAS, sE B B oy bRy e referrec

process was developed to improve the uniformity of film

15 thickness of the single crystal layer of SOl structure
(referred to as SOI layer) obtained by polishing. With
this technique, the film thickness is measured at
thousands of highly densely distributed measuring
points on the wafer. Then, a plasma source having a

20 diameter of several millimeters is driven to scan the
film at a scanning rate corresponding to the film
thickness to vary the etching rate as a function of the
film thickness distribution and thereby reduce the
variations in the film thickness.

25 (Cleave Process using Hydrogen Ion Implantation)

A novel technique for producing a bonded SOI

substrate was recently reported by M. Brue in



Int. SO Conf. (1995) p.178). In the case of the PACE technique, surface
roughnesses up to 10.66nm (as peak-to-valley value) are 20 detecteqégy
means of an atom c force mcroscope imediately after the plasma et NHBZWZ
process. Such rough surfaces can be then4smoothed to 0.62nm or the |evel
equi valent to the original surface roughness, by tough polishing the
surface only to a slight extent (T. 25 Feng, M Matloubian, G J. Gardopee,
and D. P. Mathur, Proc. 1994 IEEE Int. SO Conf. (1994) p.77). \Wen the
HESO technique is used, the surface roqghness gf about to 7nm (as

peak-t o- val | &) ogirgdics L&tRIF 2002 (187 prBdueBy 8P% RéSond of the

t chi i ved ly b j t f I, b h t

Five e ofierd asad dib JHRRR S orony SpPiEcIorrn ke e  SRe 't thi o
i shi o i i f il i i db

0080 C=bn AT D U Hu Y iften Nouch Bofr SR or MErES T Sh hs it i s

often called, is used to (B?Jl.dJ.S;'GGA %aﬁﬁfgqgt0ﬁg¥ bQed i#@qgm?% i@{&trﬁht he

surface rougﬁness mdy be renove at the sane ti

thicknegs wi L, he erdAJcelfbﬂ@ ConRegueniéy 480hpdeobBa WRi Loy Miderof film

t hi ckness. iPe the poli'shing operation is term nated generally by

controlling Hhe QUildith Afet NenORIBiiONsurFaksé @hkRews fiacthddwdd if the
polishing time is 15 constant, the extent of polishing varies within the

sane surface+of aporeaf wardntaidesstsd@eestdy Hebterenk taal.er rand, from
batch to batch depending on the polishing solution, the tenperature of the
surface tabl endufatest hies pol esvedgdupbenat tba hadthoweatrolentthet2clesrer y
cloth is worn and hence it is very difficult to keep the extent of

pol i shi ng t odapsbnstcanthialvelonPdrave ibeenyimpiangeflnowdst katrashelwafer is
normal Iy polished nore along the outer peripher¥u Additionally, it is

i npossitBl e t dheederen HOGEH PO nElept PEPIBATLPPHERHIS £di f fused across

the entire depth of the SO |ayer to_show_a high once%tration | evel
implanted ions is transferred onto the other wafer to

produce an SOI structure.
(Epitaxial Layer Transfer)
Japanese Patent No. 2,608,351 and U.S. Patent No.

15 5,371,037 describe an excellent technique for preparing

an SOI substrate by transferring a single crystal layer

on a porous layer onto another substrate. This

technique is also referred to as "ELTRAN (registered

tradename)" (T. Yonehara, K. Sakakguchi, N. Sato, Appl.
20 Phys. Lett. 64 (1994), p.2108).

As discussed above, in the field of SOI
substrates, smoothing the rough surface produced as a
result of etching, ion implantation and subsequent heat
treatment and, apart from this, forming an SOOI layer of

25 single crystal silicon with a low boron concentration
by removing boron diffused into the SOI layer are the

major problems that have to be solved somehow to



2 6 JUN 2002 The surface roughness of the SO |ayer of a wafer prepared by
the SIMOX techni que using oxygen ion inplantation is greater than that of
the bulk normally by a digit. S. Nakashima and K. lzum (J. Mater. RgSHNIIN
(1990) Vol. 5, No. 9, p.1918) reported that-the surface roughness wth

i nnuer abl e dents having a dianeter of tens of several nanoneters can be
elimnated by heat-treating the surface at 1,260C (in a nitrogen

at nrosphere) for 2 hours or at 1,300C (in an argon 10 atnosphere cont ai ni ng

W ot changRPUs R RESal Gt AB0C FOREYRFS PRIPE BLABt cally
i npossi ble to,use a_quartz e f t ducted. at
t enperature hitghaercot q:gr?ll,ai%o 5 qfonlaq g?ﬁist%qgﬁgﬁgn%?ﬁ?gs?géaﬁgg

Addi ti onal 1y, 8,R06eSeISiNg, SUEudNili [EIMSLALIT £o FRKLDAD! Ynknt r oduces

serious slip l'ines as the waft'er size increases. oxygen

|l antati on Leehol fgicd her S IMCAD Biddssdn o eatbiabeboren. contai ned

in the clean foomadhere to the surface of the substrate and inplanted into
the wafeg in HheOPALIRE HedHPl AL NRXVGSE, | ORSHE&B4T £B! 881 3ki on) and
the boron atons that have adhered to the wafer before the high tenperature

heat 25 treat maBkePpReRIBn{DIfdIIdHdNY dhetlox ygebve ont at8@dmeBhbhe waker by
ion inplantation into a silicon oxide |ayer can be diffused into the entire

silicon | ayer plogpari®g 803 HUbXMrddhe heat treatnment. A simlar problem
may be produced in a bonded SO substrate by boron atons contained in the
cl ean room The i nWdhorthepfcligfveprrgrss neind dnygrogesedonn 5 Japanese
Patent Application Laid-Open Nos. 5-218053 and 5-217821 a techni que for
snoot hi ng t helgplpagatdonan b st pihaeirier eatPayatredi alang

hydr ogen- cont ai ni ng at nosphere. The surface of an SO substrate that may

carry 18%undulthBi BAQISLHE P FENAS HNRY Hrd Rt AP RefdReFe Pbugher than

t he polished surface of a, conmercjal Iy\fgﬁ/ajoé abl e (?i i con fer can be
smoot hed by hFHFEGER ZRNERNSTS t(g:!rénﬁ e Y 738t hhdSsSBbhparabPEeto t he
pol i shed surface af such a_co rcially available 15 silicon wafer. At the
sane tine, thga o(ragﬁ‘agg‘ c SRt At (%Dr?’ of° hlgngan% % %:(r)rg'sta%u%llql PcBRAFTI m can

be reduced by;anagallngq e Sl ad NG ushdghg sEyshal silicon film
formed on an i1nsulator 1 n a hydrogen atnosphere and external ly diffusing

boron into 20ikhpeaGasthbas®y WyliesHiigy rate nsbitgstra shrbaeen is
relatively high in silicon, it is lowin a naturally oxidized silicon oxide
| ayer that islaypircabl p somind ecrtedrite uifrar ea ofedlmei gubstedeerddritng a
heat treatnment process conducted in an oxygen or inert gas atnosphere 25 so
that boron w BE temahnpedd shdngordM.ndrudl hialt tawk. siPreon 189er IEBBwever,

the silicon oxide filmforned on the surface of the SO |ayer and operating
as Int. SOI Conf. (1995) p.178).

In the case of the PACE technique, surface
roughnesses up to 10.66nm (as peak-to-valley value) are
20 detected by means of an atomic force microscope
immediately after the plasma etching process. Such
rough surfaces can be then smoothed to 0.62nm, or the
level equivalent to the original surface roughness, by
tough polishing the surface only to a slight extent (T.
25 Feng, M. Matloubian, G. J. Gardopee, and D. P. Mathur,
Proc. 1994 IEEE Int. SOI Conf. (1994) p.77).
When the BESOI technique is used, the surface

roughness of about 5 to 7nm (as peak-to-valley value)



2 6 JUN 2002 _ g _ diffusion barrier can be renoved and any possible
subsequent formation of oxide filntduring the process can be effectively
suppressed by annealing the substrate in reduci ng at nosphere typi 281JU 200
containing 5 hydrogen so that, as a resulét ,~the external diffusion of boron
i s enhanced and, if boron is contained in the entire SO | ayer to a high
concentration level, the inpurity concentration of the entire SO |ayer can
be reduced to a level that is feasible for device 10 fabrication by that
external diffusion of boron (N. Sato and T. YoneharaeaAﬁ]p Lett
(1994) p. 19219r°éf‘h%% %thE}é? ePdaPieiPe fEEHYEr é’d’é’ﬁ: et rﬁ‘?@o‘é‘?%sphere

highly effectjve for terna 15 diff boron contained in
t?team I ?coh |y %dr‘g StHP n FhEUES?TY:ﬁciayﬁer &t Y af +¥ear kabl e
.1

degree of ro%gime Ss tggasu LgatLment, Shplegio%%oggglr}bsqcntaéd‘nnhg aim)sphere

is also highly T T eCti ve for préeparin trate by nmeans of the

SI VDX ¢ eohni Gl THCo 800NP-PADRE ALAG PEBAELS ! hale L AILACE spughness

can be snpot he satls actori freatnmént co at” or bel ow

1,200C ix a hfyﬁmgemlepﬂé@gntggde%gaaeeetﬁ 02D0When @wedl ing an SO
substrate by neans of hydrogen, e rate of reducti on of the filmthickness

wi Il be aboutagpBpei mn. at 1,150C, which is much 2 6 JUN 2002 - 10

| ower than the rate of reduction in case of polishing. However, when

anneal i ng a bul k vefes, i phehaesueh pB1SGh,swlSkiale gy immanss of t hydr ogen, a
relatively high rate of reduction of 10 to 100nmmin. in the filmthickness
5 is reportedfted call&d| | Dssusedako, pdliAm tGer amr fsee oVl (1894)

p.2949. It will be appreciated that the uniformty of filmthickness is apt
to be degradesllight eanhentaf thesgufriseccanduanmegst mays e acemoveddi f f er ent
waf ers when the rate of filmthickness 10 reduction and the etching rate
are not(%ontFﬁttedabrbb%rF?meTﬁa§e'lFhﬁsfH#@hFFHQH&ﬂﬁ%ﬂﬂltt)?ﬁeC|ser
control the filmthickness for eacE fer different wafers

because not i @ al? atPBReIPR L ¥\A%re9?ha 5 { ec rd‘tl‘t%e‘)%&lt'ayer can

significantly .affect the nce devi cest produced as, flﬁ

pr oduct s, parﬁh%tfff%‘ﬁ %J} ? Pﬁ gctO rs élllhsclﬁ%}r”'h The

t hreshol d vol A e There
are also req rerregjtls‘; Y be rre%ggﬂﬁﬁ liLf;%le ls'lettr at e%?t ﬁ%}}éjté%égf?hggn’

uni formty of; ¢ 'iénéhkﬁgﬁﬁsﬁacifh%hé'd mﬂfhlt‘ﬁ@%il%fhlrlbe SGhe | pyer varies
dependi ng on the characteristics of fhe sem conductor device to be produced

by using the S¥Ascas] r ohe. exbeMbi be pbilIspitll @RS ke @ooh essed by
thermal |y oxi di zi ng the surface of the prepared SO | ayer and subsequently
renovi ng t he senelesdrfaceprofiugedadiera amdng Iud 2@0Xaces of
different wafers and from batch to batch depending on
the polishing solution, the temperature of the surface
table during the polishing operation and how much the
20 emery cloth is worn and hence it is very difficult to
keep the extent of polishing to a constant level.
Particularly, it is known that the wafer is normally
polished more along the outer periphery.
Additionally, it is impossible to reduce the boron
25 concentration if boron is diffused across the entire

depth of the SOI layer to show a high concentration

level.



- 11 result of thermal oxidation by neans of wet etching, using

hydrofl uoric acid (sacrificial oxidation), such a technique involves
conpl i cated manufacturing steps and hence is practically not feasibl2b JON200?
Additionally, the top layer of the prepared-SO |ayer are apt to show a
relatively | arge nunber of flaws as pointed out above by referring to the
cl eave process by hydrogen ion inplantation and hence it is inportant to
reduce the nunber of such flaws. 10 SUMVARY OF THE | NVENTION Thus, it is an
obj ect of the present invention to provide a nethod and an apparatus for

et chi ng a seni condliteosuanfiicel ecadiytess taf com r0]1 i kmyeaew tdf emseaiért he
etching rate and the uniformty of filmthickness anong different
substrat es aspwepprad dymihieod IHFOXprtesdriinpa wmE omiigewrienticle by
usi ng such a method and such an apparatus. Another object of the present
invention is {BP2enpA&HORe 18 ﬁﬁﬁﬁ&@ram@%ﬂ1?ﬂﬂﬁu%ﬁLEP?CHU%KCW?ﬁﬁagly

sem conductor_article adapted to efficient]ly reducing the inpurities such

as boron cont3¥n8dfithe £i'l AERRFIESEM df ni Tt hel Ini¥Bred t yReF-fi I m

t hi ck , th f i i t ti 25 b

usi g Suth & hLERBA" IR -such B dupEiathe P ST U cHBctUEf Sehe
o . . . d | . ]

025" 5U N O EERy el P BT AR b AR A B p BBl one

in the perfOrg@ﬂgeo%rrg@g,etﬂtagog)%\ﬁ;o%sce%o%%@yeyﬁmgaééw H@gm conduct or

article as well as to a ne of preparing a sem conductor article by 5

using such a pehhad aR¢i%WCHRNRAN RRRRIC Ust 1A JadideriPhl acicpbgbhe present
invention is to provide a nmethod and an apparatus for etching a

sem conduct or aghbspherat) lfew Coslbuadapiedd A AB@IQ (th aaesiged film

t hi ckness and a surface condition 10 substantially free from surface

def ect si@s wedtmasphera wmehitadndhgpreyaramdya G cofmhict atoarsi cl e by
usi ng such a method and such an apparatus. According to the invention, the
above obj ect sThay etflker rebpadesd chathehehnamfage areaudviesyedi by 18t
providing a nethod fox etching a sem conductor article having a surface
conprising sifhepde &xi @ heefodreapers mf d <t¥ ©of HEate¥e®atitigifhe
silicon surface in.a R{drq en-cq éainin reduci n atnoﬁgge e, Wth keeping
the silicon sRFREEECR §3§F€S&' Fod& 9] B {ORE stRY aReP8Bhpri si ng

silicon oxidewith,g oredotermined distance separating. them feegrding to
t he i nvention, ere |'s provided a ne of prepdaring a Sem cbnductor

articl g ComE)Skagng SLeRralychoind ad Ao AYdang, sidicon. the 25

surface obtal ned by ng a pair of arti nd renmovi ng _
unnecessary pgebbess akiege sebht he rtﬁ%@ﬁ@eﬁ{&ﬁagg@Gabove defined

et chi ng net hod. - 13 BRI EF DESCRI PTI THE DRAW NGS JUN 2002
introduces serious slip lines as the wafer size
increases.

With the oxygen implantation technique, there may
20 arise a problem that boron contained in the clean room
adhere to the surface of the substrate and implanted
into the wafer in the operation of implanting oxygen
ions (Co-implantation) and the boron atoms that have
adhered to the wafer before the high temperature heat
25 treatment process for turning the oxygen contained in

the wafer by ion implantation into a silicon oxide

layer can be diffused into the entire silicon layer by



FIG 1 is a schematic cross sectional view of an enbodi ment of etching
apparatus according to the invention. 5 FIG 2 is a graph show ng the
dependency of the etching rate on the material of the counter-surfage J@Yﬁm
3 is a graph showing the etching rate whén the naterials of the oppositely
di sposed surfaces are Si and SiOz. 10 FIG 4 is a graph showi ng the rate of
renmoving Si atons when the materials of the oppositely disposed surfaces
are Si and Si02. FIG 5 is a schematic cross sectional view of another
enbodi ment of etching apparatus according to 15 the invention. FIG 6 is a
schemati c crdgwe seat obteavmentof & §timliga§n@ﬁf1¢@rleéhﬁw rshtPrsdegedhi ng
apparatus according to the invention, showi ng a principal area thereof.
FIG 7 is a sichendtPrded 039lssubpbrareyPywreros 2Fq9e CAftaidipt ef2 sur f ace

constituting nenbers, showi ng a node of arrangenent that can be used for
the purpose df°& el eh®PBn. FIG 8 is a schematic cross sectional view of

a sem conductor ar ié:l enand a_count e -sug_ﬁf ace 251n(_:\70n tiituti n mené:)erh
showi ng anot her nodé® ot %??Sﬂﬁﬁnggt {‘ﬁap E55 e us&ﬁﬁf o t%eo%b(?ﬁeposje of the
RUSHETE S R L e N
5-217821 a technique for smoothing the surface of an '
S0I substrate by heat-treating it in a
hydrogen-containing atmosphere.
The surface of an SOI substrate that may carry
10 undulations after the etching process and hence is
rougher than the polished surface of a commercially
available silicon wafer can be smoothed by hydrogen
annealing to a level of smoothness comparable to the
polished surface of such a commercially available
15 silicon wafer. At the same time, the boron
concentration of the single crystal silicon film can be
reduced by annealing the substrate having a single
crystal silicon film formed on an insulator in a
hydrogen atmosphere and externally diffusing boron into
20 the gas phase. While the rate of diffusion of boron is
relatively high in silicon, it is low in a naturally
oxidized silicon oxide layer that is typically formed
on the surface of the substrate during a heat treatment
process conducted in an oxygen or inert gas atmosphere
25 so that boron will remain and be confined within the
gilicon layer. However, the silicon oxide film formed

on the surface of the SO0I layer and operating as



to the invention, showing a principal area thereof. FIG 10 is a flow chart
for a node of carrying out 5 a nethod of preparing a sem conductor article
by using an etching nethod according to the invention. FIG 11 is a 26ouN2002
chart for another node of carrying out a Aethod of preparing a

sem conductor article by using an etching nmethod according to the 10
invention. FIGS. 12A, 12B, 12C and 12D are schematic illustrations of a

met hod of preparing a sem conductor article by using an etching nethod
according to the invention and a cl eave process by hydrogen ion 15

i mpl ant at i on. dRIfERISiTgA bargdEer] 3N 13D, T4BEVaA R N3 FRRY ePSERERGEI ¢
illustrations of a nethod of preparing a sem conductor article by using an
et chi ng net hoUReasuiinty fraelomveht PeHianfi kn epriagi hel ryeFess
transfer process. FIG 14 is a schematic illustration of an etching nethod

according to OF& e &fbestivelas surpreqstt 3¥RRg245P%aFBeschemati ¢
illustrati ons showi ngq how articles, are arranged for anﬁég etchin%gggﬁration
for the pur poSERSTHAEE (T dhtiHC PR ATRREER TR PRELERRED ENECPOVENTS
- 15 FI 1is schennti,c cross._ secfion Vj i i . _of

et chi ng gkpargpggo %9;%§ré??%ft e %ﬁ%%% ?%h.kﬁ%ﬁ§?E§gﬂgggagégggéfﬁé

conpri ses a reacti iy fdldiatihde LPEL@L | D BSr&hChiNgorRathen aRd cadapt ed

to

entire SOI layer to a high concentration level, the
impurity concentration of the entire SOI layer can be
reduced to a level that is feasible for device

10 fabrication by that external diffusion of boron (N.
Sato and T. Yonehara, Appl. Phys. Lett. 65 (1994)
p.1924).

Thus, a heat treatment in a hydrogen~containing

atmosphere is a highly effective way for externally

15 diffusing boron contained in the silicon layer and
smoothing the surface thereof showing a remarkable
degree of roughness.

A heat treatment in a hydrogen-containing

atmosphere is also highly effective for preparing an

20 SOI substrate by means of the SIMOX technique. The
above paper also reports that the surface roughness can
be smoothed satisfactorily by heat treatment conducted
at or below 1,200°C in a hydrogen-containing
atmosphere.

25 When annealing an SOI substrate by means of
hydrogen, the rate of reduction of the film thickness

will be about 0.08nm/min. at 1,150°C, which is much



2 6 JUN 2002 contain a sem conductor article Wand get evacuated and a
heater 2 for heating the article Wand the gas contained in the furnace 1.
It is connected to a hydrogen gas source 5 by way of at |east a val Vb dUMG]
10 al so to an exhaust punp 8 by way of-at0Ol east a valve 7. A
counter-surface constituting nmenber 3 that carries silicon oxide 4 on the
surface is arranged at the side of the surface of the article Wto be
treated with a predeterm ned gap AS i nterposed therebetween. 15 In FIG 1,
nuneral 9 denotes a support nenber for supporting both the article Wand

t he count er - et ethynsthe ke BY FEnBeAUSTiPRe 18t ERiISRg dpdrdtigHiiBi ng thi s
enbodi nent proceeds in a nmanner as described below., 20 Firstly, an article
W and an couRtQMeRE f dfer PRE¢R b PagenBRpEr v8igre 1B RIGFS r?élr?é‘ r¥aktion

furnace 1 with a predeterm ned ga S.i nterposed therebetween. Then, they
are heat ed by PIRETRUR di TOTT [ ShalVTOURE"| eraoeh vee fiidince f&
ur

evacuat ed by t he exhaust_p 8 reduce the internal pres e.
Thereafter, ﬁ%rro Ihcéla%ni%fi#(ﬁrpgcau£§8nfn P30 nd™f & a(?é%o Jtcﬁqé"eg%% source
5. The iknsi de of 6 JLUN 2002 _ - rnace and.,the article InT are
hel d to5a prgltfetre‘%gr]rcﬁl%e tjérrlrpée{r a%hréa}éégﬁ %§ (%gr'lt’rgl'l f‘?\"g’ tc%ell%"g'at

tion of t T b, pal bl - e o
generation ofgdhe hea %%?4% Defg48S aI%e%':ﬂﬁEL ba! !a??g%\%/l%ﬁde:hg?ﬁ]mm °

surface (to be treated he article W The arti ed by a

net hod accor ciHeg i £dvend £y edf | e eynhexaelul k sShpwahey HY eRayLtidy nmeans
of a CZ process, an epitaxial Si wafer having an epitaxially grown |ayer,

an Si wafer dhia neshdywdfet reat fageaahal kmbhgwaher shy faans of a hydrogen
anneal i ng process, an SO wafer of any of the above described types or a
substrat e hadififeresit ivafefs|whehnthar racel af, filflm shicdfersabl y a waf er
t hat has been subjected to a surface treatnent process after polished 15
and i sl@arryimepuenidmtanhstion ebehsngf sede araahert kavitnpladredinpol i shed
surface or an SO wafer on the way of preparation using a bondi ng process
or a SI MOX pl¥FEEE¥-1%Gince an article Wis heat-treated in an 20
hydr ogen- cont ai ni ”-ﬂq at rm,sghere accordi ng to the .
us, it is highly important to precisely control
the film thickness for each wafer and among different
wafers because noticeable variations in the film
15 thickness of the S0I layer can significantly affect the
performance of the devices produced as final products,
particularly in terms of the characteristics including
the threshold voltage of SOI-MOS transistors of fully
depleted type.
20 There are also requirements to be met by an SOI
substrate other than the uniformity of film thickness.
The film thickness of the S0I layer varies
depending on the characteristics of the semiconductor
device to be produced by using the SOI substrate.
25 While this problem may be addressed by thermally

oxidizing the surface of the prepared SOI layer and

subsequently removing the oxide film produced as a



invention, the source gas to be fed into the furnace refers to 100%

hydr ogen gas, inert gas such as rare gas containing hydrogen by 1 to €90.
Preferably, relatively highly pure hydrogen gas that is 25 suffici ent )JUNZUUZ
free fromnoisture is fed into the furrace@ by way of a hydrogen refining
system (hydrogen purifier) so that the reduci ng atnosphere may show a -
17 Z 6 J UN 2002 dew point not higher than -92C. The oxygen and nbpi sture
content of the atnosphere should be held to a mniml |evel because any
oxygen and noi sture remaining in the atnosphere can oxidize 5 silicon on
the surface ofeswdtapfi thermpioopidaléera iy MAadvatchy'atheet@npeature is
rai sed and the produced filmcoat by turn obstructs the process of
smoot hi ng t heuSHPP ab¥IRRG LHPE S ChBEAHs é SPrE IdGidilalohdRfelPahd $9F_t8re can
give rise to an unexpected reduction_in 10 the silicon filmthickness as a
side effect ofSGRTIGEPOATERIVEECRPARLIIFRTEG O FITY L B ST TSRT y2

control the atnosphere_so make it showéa dew poi nt not higher than

t
C02C Wi l'e (RERS AL oA EORERLAY N ORt HEBIET S

€ 'may show 15 a pressure | eve

hi gher than, equaIA&@%a%O%ﬁgﬁr t han %gghq%gggpQ§gL§“§rg§§¢g gl 4§ Pressure

is preferably | ower Kfnnspher Ssure, sirce a lower pressure
level may be adyant aggoys.t ol GREEVE RS SURface S hinb&f feet and the

effect of externally 20 diffusing the inpuritiées. n an etching furnace

is made of ViiigeHSasi bbeAteHCBuRS abb%ed Uad e dithd W held ccidsed silica,
the lower Iimt of the pressure of the atnosphere in the furnace is

preferably seprbdedsFOhParogene iphetiapalintdtd dh @akd HRendd ptdes to 25
prevent the furnace from being defornmed. In view of the above

consi der at i onsmpottantr easopdbkte tbheselustiera @ff easilr eflawel bet ween t he

at nospheric pressure and |.3Pa for the pressure of the 2 6 JUN 2002 - 18
atnosphi€?e in the furnace, taking the operation environment into
consideration. Although there is nolimt for the flow rate of

hydr ogen- cont 2YAGY gaE THEpENYENELIPYr the purpose of 5 the invention, the
flowrate as discussed belowis pr terabgéau ed. The flow rate. as used

herein refers to thBYFr owtr 2Fe2Bf CGdEHa & SR Gt AfEat bBtaf Red by

subtracting tg§08£8gsa5%g%h88agngrg% %%ﬁgy%tus for etching a

semiconductor article adapted to controlling with ease
15 the etching rate and the uniformity of film thickness
among different substrates as well as a method of
preparing a semiconductor article by using such a
method and such an apparatus.
Another object of the present invention is to
20 provide a method and an apparatus for etching a
semiconductor article adapted to efficiently reducing
the impurities such as boron contained in the film,
while maintaining the uniformity of film thickness, as
well as a method of preparing a semiconductor article
25 by using such a method and such an apparatus.
Still another object of the present invention is

to provide a method and an apparatus for etching a



10 sem conductor article fromthe cross sectional area of the furnace tube.
If the gas flowrate is too high, the rate of renoving the reaction product
fromthe surface of the article is raised to reduce the etching suppgeiing
I5 effect. If, on the other hand, the gas2fl-owrate is too low, the rate of
removi ng the reaction product fromthe surface of the articles is

remar kably reduced to reduce the effect of renpbving the inpurities such as
boron by 20 externally diffusing themfromthe sem conductor single crystal
| ayer. For the purpose of the invention, the gas flowrate is preferably 10
to 300cc/ mi n. semicapfuchpsf eriibiog e3@de@ tEEDc medwddng Thee gas flow rate
is a paraneter 25 for controlling the rate of diffusing and renoving the
reaction prodU@f1RESANEhENsthPaPeTte PR tadIUld sthrRsIDY1E¢R® article. 19
26 J UN 2002 The surface of the article is satisfactorily etched and
smoot hed i n aPRYAHEGENPEOHEANEI GCatFIS MR BIGHOR dpetat @ir @S beedlv 25200C,

at which the surface gaﬁ not be smpothed in a nk%%ggen atnpsghere or arare
gas 5 at nosphEPe?® BSIPPHeCpuPpEPETING Fe SERAHRIDIE T he® T BhpeFab¥re to be
used forSthe etching géocesstkh%t h%§ %éﬂﬂxﬁfgrggfﬁfggt depends on the
conposi t1 on aRd PHeSPrésSule P ELY e e ARHEAYYS the tenperature is
found within a range I roldmd | ) I t han
300C, nore prefera I§W%§?’gfro%e etck?ar?fga%%, Q{Iﬁ%ﬁrgér) %?%’%é?g%?y%l\ﬁ%ol ower
than 800C. O“;?{*wa?igéhﬁr mBeRda LRe WAPehddridudfedhetonpegalure range is
preferably not higher than the nelting point of silicon, nbre preferably
not higher thaamicdRAGetbl 4% tlika eSEROUHIWNGJH ORESHPE@CeedshtadnshgW y, a
snoot hed surface can be obtained by using a |onger period of tine for the
heat treatnens. aRegaedl €s3mofthtibgnmaieraml L£anatfddd i gndbeion
counter-surface, the etching efficiency can be inproved by reducing the
pressuridd of 2€8ubhtaathvlplefecef firoem divstfamwe dGefErts i ag vaklopposbt el y

di sposed surfaces is invariable because of an intensified interaction of

t he opposit el yetihegosédrreprhaday. aTikenicongugtidutamttcie v vwatngased

diffusion |l ength of gas nuol ecul es that appears when the 25 pressure is
r educed. such a method and such an apparatus.

According to the invention, the above objects and
other objects of the invention are achieved by
15 providing a method for etching a semiconductor article
having a surface comprising silicon, said method
comprising a step of heat-treating the silicon surface
in a hydrogen-containing reducing atmosphere, with
keeping the silicon surface in a state disposed
20 opposite to a surface comprising silicon oxide with a
predetermined distance separating them.
According to the invention, there is provided a
method of preparing a semiconductor article, comprising
a step of etching a surface comprising silicon, the
25 surface being obtained by bonding a pair of articles
and removing unnecessary portions of one of the

articles, by means of the above defined etching method.



For the purpose of the invention, while the counter-surface constituting
menber 3 nmay be made of - 20-26J UNZ2002 any material so |l ong as
the counter-surface carries silicon oxide thereon, it is preferably?8nR§ipm
waf er having a surface on which a silicoid3xi de filmformed thereon or
quartz wafer. A wafer having a structure 5 sane as the article to be etched
may preferably be used for the counter-surface constituting nenber 3 if the
counter-surface carries silicon oxide filmthereon. The counter-surface
shoul d be plane and held in parallel with the surface to be treated. As for
size 10 and sBRZEF DESCERINTION S flate P&t &¥&bl y has a size equal to or
greater than that of the surface to be treated of the article Wand a

profile simlar tofdfat lofSt Fe ST E WCERRS SFMtE22brYA88 €6n8Pi t uti ng
menber 3 may 15 preferably b art of the support nmber_ 9, which may
typically be &mPPQ&WQWE|9§1ﬁ%§ﬁﬁﬁﬁeﬂﬂﬁirﬁﬁ“ tﬁ?iﬁé&e ) L@pEP&ting the
counter-surface an%.the article my vary as a function of the silicon
surface area 6?868 l@Péhed) of the 20 sem conductor article, it is

preferabky not gr eg.;[%r_ bhan éOpﬁgﬂgL%%iq{ﬁr@@ yd%g ?%Ig%g%ftpﬁg lOmm to

achi eve an effect boostin etot lon of the

opposi tely di 3pesed SYLiaces, cMaehddis ;3AMLONIUCI QAL CherPaSca di amet er
greater than 25 100mm Although the di stance between the oppositely

di sposed surfaces pag.ng Rartl gHadh IshitkRiirdd Mide déchsngragtécahéy not

smal ler than | mm preferably not - 21 smaller 3mm A surface snoothing

process start shahaatkehe atlseaFs ethes wifpacd tefl vt e sersabnsuct acear hrel e Wi s
Si and SiO0,.

10 FIG. 4 is a graph showing the rate of removing Si
atoms when the materials of the oppositely disposed
surfaces are Si and SiO,.

FIG. 5 is a schematic cross sectional view of
another embodiment of etching apparatus according to

15 the invention.

FIG. 6 is a schematic cross sectional view of a
still another embodiment of etching apparatus according
to the invention, showing a principal area thereof.

FIG. 7 is a schematic cross sectional view of a

20 pair of counter-surface constituting members, showing a
mode of arrangement that can be used for the purpose of
the invention.

FIG. 8 is a schematic cross sectional view of a
semiconductor article and a counter-surface

25 constituting member, showing another mode of

arrangement that can be used for the purpose of the

invention.



2 6 JUN 2002 heat-treated. Therefore, if the surface of the article 5is
coated with a thick natural oxide film it is preferably renoved by
etching, using dilute hydrofluoric acid in order to make the surfacel 6 JUN2002
snoot hi ng process start early. The silicon surface snmoothed in this way is
highly 10 suited for preparing sem conductor devices. If the
counter-surface constituting nenber of silicon or SiC carries a silicon
oxide filmon its counter-surface arranged opposite to the article, the
silicon oxide filmgradually loses its filmthickness in the etching 15
process and the etth®ng?raseaofchhmagici clreosdr aemttiicuidl Wrepsof oaabout
1/10 of the initial rate when the silicon oxide filmis totally |ost.
Therefore, orf%hkl baReEher @ﬁb@dﬁﬁ@ﬁﬁnﬁﬁoﬁtQH%?QMQHRﬁﬁ?¢Q§w#C@@¢@h@g
surface of the article can be etched in a 20 well controlled manner with an
enhanced IevéV°o¥h@eb?%%ﬁE%BPilF9°B§”ﬁa@|@iﬁﬂﬁ%Qﬁq|Q£ﬁ?($ﬁ%ﬁﬁ¢f}n1to have

such a filmthick t . the f Imc a nunber atonms equal to
t he number of Si 2?%%3 £ nt&i fed PH Fﬁ OEbﬁI@ﬂﬂﬁ q{mﬁa?ﬁﬁl?% PRt

renoved 25 by et |q9 %f th§?|5ngcgnsgﬁlghce&4?é¥ 4! 8 Lnger%§u5éﬁce is

of the Stoichi onerric co and pro her el

process, the _ - %@%1 %fm %%%goggcgkhﬁﬁgnﬁgu flAJg(gl%ye counter-surface
era

constituting menD as a m t hi ckness that is about

2.22 time greater fﬁ@” ibeléhéck@8§sc9%r%h%o¥'ddH%héﬁﬂﬁHdéche renoved.
Thus, to allow a margin 5 for the duration of heat treatnment, the thickness

(tox) shoul d dur 1ﬂ1§a<s&t2a212ethaasc>grQ@b@caﬂlh@nati&ﬂﬂu&@%@o@f t he

silicon layer to be renoved. According to the invention, the rate of

et ching a silawioicie | By casibhe sanetehbed we&hmﬂ:abddﬂdmﬂgytdOtmethln a
range between | . Xl O 3nmmn. and |.Onm m n. Taking the efficiency of heat
treat m@®t | ntiorwomsicerati on, the etching process is preferably conducted
at tenperature higher than 1,080C with an etching rate of not | ower than
0. 046nnT mi n. oreﬂFEQSteh%éral%Be heghendt BZR BrEOGChEMEtHA etching rate

of not lower than Ollnmmn_ Hy such an etching process, the surface
defects of tHe TR PP nPEaR B%tEBﬁfPélQﬁﬁE?H%QQHQKﬂ%RPQﬁﬁﬁP?ﬁﬁrfHlnls

et ched by IChn1 :é nn1fron1the sy % rtlcul n%he case of
an SO subst it T ?%9%raﬂa$ ﬁ lngtWF B s?qﬁﬂ Bfd 250nm

can be produ t f b i.n 0 | m t hat

typically ha§§§"$6#£§¥h?cin%séy%é¥ﬁeéﬁgé%%nl% dQ§6%% g§nﬁé+ng an et ching

met hod{gnd an &3 iggf§kgﬁnapparatus according to the invention. Then, the
ow,

obt ai ned surface w for exanple, an Rrns value of at |east not
greater than 0.4nmg1Gs. 13A, 13B, 13C, 13D, 13E and 13F are

schematic illustrations of a method of preparing a
semiconductor article by using an etching method
according to the invention and an epitaxial layer
20 transfer process.

FIG. 14 is a schematic illustration of an etching
method according to the invention.

FIGS. 15A, 15B, 15C and 15D are schematic
illustrations showing how articles are arranged for an

25 etching operation for the purpose of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



- 23 2 6 JIIN 2002 preferably not greater than 0.2nm nore preferably not
greater than 0.15nm in a lum square area. Hydrogen contai ning gas nay be
introduced into the furnace in any appropriate manner as will be depgrjyReg?
5 hereinafter and the present invention 1§ Rrot limted to the arrangenent
of FIG 1 in terns of the way of introducing gas into the furnace. Wile
the reaction furnace 1 nay be made of SIiC, it is preferably made of
vitreous silica for the 10 purpose of the invention. For the purpose of the
invention, the heater 2 may be a resistance heater, a radi o frequency
heater or an infraFé&@-l anps Rowchemsdief criess iFRUigahatieavet & to the
15 present invention will be described bel ow. (Findings on the Dependency
of the Etchi ngnWRagémgntt RE FEECBANE PPFRE Yo ARSI ate)t e inventors
of the present invention |ooked into the conditions for the heat treatnent
to be conduct®dVeDTLARa hydr ogen-cont ai ni ng at nosphere in order to renove
fine undul ati ons on, a si on Si stal surface and found that the

| i |
rate of etching sihgrE 8?%@959 éggﬁgéﬁr 2 FCER TS EaSP delighdi ng on the

mat eri al _of the surface opposi.ng the si le crystal silicon surface 25
(count er2 sur f AEERCR é © B?? é”%r aph ezcﬁg’\%in%g S aén]%erpeann en%é;a%Fecg hgo et chi ng

rate on the égfcia%'n of sgmcfsﬁaph%&sg&fa%gegﬁgar&d? %6%1:; Léi[\',ogmrgg ed 24nathe

heat treatnen enperat ure. e graph'o ori zont al

axi s represenfspthgelesi PLECALaRYNBERHRf r@MRAIALHE ] TInéghd he upper
hori zontal axis represents the tenperature corresponding to 1/ T, 5 whereas
the vertical g¥htaifBHC$ANtBet BBrnace 1. It is connected to a

hydrogen gas source 5 by way of at least a valve 6 and

10 also to an exhaust pump 8 by way of at least a valve 7.

A counter-surface constituting member 3 that
carries silicon oxide 4 on the surface is arranged at
the side of the surface of the article W to be treated
with a predetermined gap AS interposed therebetween.

15 In FIG. 1, numeral 9 denotes a support member for
supporting both the article W and the counter-surface
constituting member 3.

The etching operation using this embodiment
proceeds in a manner as described below.

20 Firstly, an article W and an counter-surface
constituting member 3 are placed in the reaction
furnace 1 with a predetermined gap AS interposed
therebetween. Then, they are heated by the heater 2.
Optionally, the inside of the furnace is evacuated by

25 the exhaust pump 8 to reduce the internal pressure.

Thereafter, hydrogen gas is introduced into the

furnace from the gas source 5. The inside of the



| ogarithm cally expressed etching rate (nmimn.). The filmthickness of the
SO l|ayer or the single crystal silicon |ayer on a buried insulator caﬁn be
observed without difficulty by means of a commercially available 10 26 JUN 2002
light-reflection type filmthickness gaugé. -Then, the etching rate can be
determ ned by observing the filmthickness before and after the heat
treatnent with varied durations and cal cul ating the change with tinme of the
filmthickness. 15 In FIG 2, data set A represents the etching rate that
varies as a function of tenperature when an counter-surface of Si is
arranged oppoSiteat® andathecbatdfls @z atieathalsl dixledor Shetachinadi on
energy Ea as obtained fromthe inclination of the approximate 20 |ine
produced by ustTREIHEURRt hevedf Pregontspddiey dhe Heahseenemrvarneston t he
pl ot was about 4.3eV. Data set Bin FIG 2 represents the etching rate in a
heat treatnenth$riRateTwhen a counter-surface of Si02 is arranged opposite
to an article of S that is 25 eéﬁhed. Data set Cir}éFAC% 2 represents the
etching rate in antt®er Agaf CFE ﬁenﬁlgfl(?@&slsv\ﬁe‘?? gd trom theg g jUN 2002
counter-surface of Si |s arrange posite to. an article of Si that is

et ched. “The asélfjfg%??oﬁjc%ng?ﬁr%g%g’%et I?lsfjs tt?’@atart reatent was about 4.1 eV.
Finally, data set LN epresen t.chi te. | not her heat
treat ment process rl\i\}]h%naglc%egﬁét g‘]r ggu?)%aéezc%%%s?jéi 9 Qﬁ%%?%%gg%égﬁéggéte to an
article of Si t.l ched he .act hyatd i §«,heat

t r eat ment mas%b%%? %#ggvfcggg gggn% rc%lmIb at}éa@gesﬁégefl-%n%aeg%%q %y with a
heat 10 treaty@its cOpdycEgdpirBea sy dne0yiaRndiaiNidy v AOS PhEY engt BE
silicon etching rate is increased by 9 tines wthout changing the

t enper at ure whentdkealdyungebwaulbyees 0lansidil aards dsepdced by a
counter-surface of silicon oxide. 15 More specifically, the etching rate is
as | owlds abotte®tDdSnal buihk 8t YpZe@Cbyhewanso off glleydrggeal silicon
surfaces are arranged vis-a-vis, or a silicon counter-surface is arranged
opposite to @mneéalbngspreaesst oabe SOcederC dfh G oD)thenghovess t han
3nm 20 of the filmis etched out after 60 mnutes in the heat treatnent. To
the contrary,de$erihedi RYPREt 6T & FAPSETATE IBVHND. Bethd hFpn AL1M-200C so
that as nuch as 21.6nmof the filmis etched out a:gter an hour when a

silicon oxi de' e RAT BHS8IRTacd b ¢ SaPrafGed oppdsitE o W2k R7Fi BB sur f ace

to be etched é&%ﬁéb@l&itg)a gu&%ace treatment process after polished
15 and is carrying undulations on the surface, a wafer
having an unpolished surface or an SOI wafer on the way
of preparation using a bonding process or a SIMOX
process.
Since an article W is heat-treated in an
20 hydrogen-containing atmosphere according to the
invention, the source gas to be fed into the furnace
refers to 100% hydrogen gas, inert gas such as rare gas
containing hydrogen by 1 to 99%. Preferably,
relatively highly pure hydrogen gas that is
25 sufficiently free from moisture is fed into the furnace
by way of a hydrogen refining system (hydrogen

purifier) so that the reducing atmosphere may show a



etching thickness is conparable with that of a touch polish process. z s
.~UN Zoo2 - 26 FIG 3 is a graph show ng the etching rate when the
materials of the oppositely disposed surfaces are Si and Si02. In BIg5jUB2002
the horizontal axis represents the etching tinme (mn.) whereas the vertica
axis 5 represents the etching thickness (nm and the heat treatnent is
conducted at tenperature T of 1,200C. In FIG 3, the white circles show the
val ues obtained when the article has an Si OZ surface and the
counter-surface is made of Si, whereas the black circles show the 10 val ues
observed when dewe parmitc Ir@thdsi ghexSithan f-4&&¢"@nd t he counter-surface i s nmade
of Si02. As seen fromFIG 3, with a sane duration of heat treatnent, film
is etched out to aTheegp@gesxtanst WHaTYIR wniete ¢hsthe Stwessbeface and
the counter-surface 15 is made of Si as indicated by white circles than
when the arti EhOUHEs bgn Pglds 7 écé“”éﬁd"aljhel%‘éﬁl%t]%ﬁ’c%‘tﬁ? aRRY | S*ViE8R of Si Oz
as indicated bl ack circles. In sh when §102 surface.,and an Si
surface are oﬁ%‘gslmtoél s SSgedHd Herhttlﬁ e%?ﬁ%*?‘ﬁ’ eﬁ‘lec%?o‘ﬁxégwﬁce 20 is
etched tp a greater exte than he S| surf ac h_showi ng
the rate’of r&ovihg S° r]ctth SUHAT SRR S egahrre ace |s ?C%@%nggl Aig an Si

counter-surfagg, an %?&h%% Qh,J \ﬂé¥%éﬂr usé%ﬁg an§lt§gd£g88ub§d

et ched, using an Si cSunter- sur Face |s as obt al ne

cal cul ation og;the Has %yoftdiin obstidtd Ci-hé p§$@e£@r650§ﬁ1@$t1a¥ha

represents the etching trne and the vertical axis represents th 27
the surface and also because the residual oxygen and

moisture can give rise to an unexpected reduction in
10 the silicon film thickness as a side effect of
oxidation and etching. This is why it is desirably to
control the atmosphere so as to make it show a dew
point not higher than -92°C.
While the hydrogen-containing atmosphere may show
15 a pressure level higher than, equal to or lower than
the atmospheric pressure, its pressure is preferably
lower than the atmospheric pressure, since a lower
pressure level may be advantageous to improve the
surface smoothing effect and the effect of externally
20 diffusing the impurities. When an etching furnace is
made of vitreous silica such as fused quartz and
synthetic fused silica, the lower limit of the pressure
of the atmosphere in the furnace is preferably set to
3.9x10%Pa, more preferably to 6.6x10Pa in order to
25 prevent the furnace from being deformed.
In view of the above considerations, it is
reasonable to select a pressure level between the

atmospheric pressure and 1.3Pa for the pressure of the



nunber of renoved Si atons (atnos/cne), the observed Si Oz surfaces being

i ndicated by white circles, triangles and squares, the observed Si %%rﬂﬂﬂﬁ@
bei ng indicated by black circles, triangles and squares. 5 It wll be
appreci ated fromFIG 4, which shows 2 8JUN 2002 t he nunber of renoved
silicon atons calculated fromthe etched volune of a silicon oxide surface
and al so the nunber of silicon atons calculated fromthe etched volune of a
single crystal silicon surface as 10 illustrated in FIG 3, that the nunber
of renoved silicon atons is substantially sanme for the t@o surf aces,

meani ng t hatatmbephaneSinsthtaderaggean NS TiacPear 8 4P anged

oppositely relative to each other for heat treatnment, Si atons will be | ost
subst ant i al | gntSranmansadptPaCON SR e o sur faces. Thus, the rate of

etching a silicon surface is accel erated by the i r j O Lt Rga silicon
oxi de surface arréh@BQUSBp6QQQ?t%§iqqeiﬁW%%irﬁ%rg%%igﬁg&ﬁ?Fw%oPally be

expressed by the reaction fornmula shown Lkbeea agd silicon
oxi de react WERCgeRafPeter g %S %%i% \?g&gg%ﬂﬁfégsﬁl}&)ghi ng rate is

affected by the di stance bet t - swfagesandsthepeauit e surface. It
has 25 been FBEnanFﬁEF}Cﬁheﬁ%EEg?f?ﬁ&%lcounter-gurface i s used, the etching

rate i s reduced_as istance separating the two surfaces is reduced.
When, on theprefef§%3§éq%§§%N 2002 ot her hand, a silicon oxide

counter-surface i $4S8d.ouf Ne 8 Chl NGsd@tRei6inakeedras tohehdi stlance bet ween
the two surfaces is reduced. Additionally, the etching rate is remarkably

low 5 when the gt ¥ RBPREASENG Stivondgict ad ameanobttaissey cont ai ni ng no
reduci ng gas, which is typically hydrogen gas, if conmpared with the etching
rate observeduprerdiinq@ttis pheses conthinsahydrege®f theshort, the presence
of reducing gas, which is typically hydrogen 10 gas, can significanély
accel efgt e t heralcehidig-tat earticle from the cross sectional area o

the furnace tube.

If the gas flow rate is too high, the rate of
removing the reaction product from the surface of the
article is raised to reduce the etching suppressing

15 effect.

I1f, on the other hand, the gas flow rate is too
low, the rate of removing the reaction product from the
surface of the articles is remarkably reduced to reduce
the effect of removing the impurities such as boron by

20 externally diffusing them from the semiconductor single
crystal layer.

For the purpose of the invention, the gas flow
rate is preferably 10 to 300cc/min.cm?, more preferably
30 to 150cc/min.cm?. The gas flow rate is a parameter

25 for controlling the rate of diffusing and removing the

reaction product from the surface to the lateral sides

of the article.



When a silicon surface and a silicon oxide surface are arranged opposite to
each other in the etching system the two surfaces are etched as the
material of either one of the surfaces gets to the other one by wayy @UUNWBZ
15 reaction with the reducing gas, whichil%s typically hydrogen gas. For

i nstance, there may be reactions expressed by Si+Hz -~ SiHz and Si H2+Si 02
-~ 2Si0+Hz. The Si atons that have left the Si surface are, at |east
partly, transported through the gas phase to the 20 silicon oxide surface,
where they react with Si02 to produce Si O which shows high saturated vapor
pressure. Since SiAhd swdisnenf ddn gy, 13 Rakiehaoptbéess on the
Si surface will be pronoted. VWen, on the other hand, two Si surfaces are
arranged oppoS§itcdedo ask IPMED tHethrin 1 NP PR~ cPeFR i ng caETPERNRES

determ ned as a function of the diffusion of Si atoms in the_vapor phase
once they get 3o *EARFTR W Raay &%t@at?’bﬁ”hlgh oghe f%rﬁiﬁtgz'ﬁe | evel ,

whi ch is not very high, that the etching rate will not becone very high.
To the contrarr’)?,ty\kﬁe “%S’r?%%\edgdﬂ &e & YK SE?W%%?%%eo’ér% bpPos€aT the si
atons that have left the Si_5 rfac [ l.east | consuned on the
surface gf thg%(r)“)?is t(la"efriel'm £8% ?ltae tapnugrpc Sgémcg%altl}egalc?\lp%ﬁl{%/\ngﬁ\l u%t her

proceed mﬁtho%%g%%%a&%. ”ﬁ&isa“hsé§'¥6%f¥é§fé%éh ﬁ%%é%ggugﬁgtoﬂaghe

Si 02 surface s a high vapor pressure, e reaction can proceed wthout

10 restrictionssmWhenidy SfEctt (RGRE M AL ONPOSL £ Lok OaRaStLAG! €
crystal silicon film the rate of etching the single crystal silicon film

I s substanti abkkssaie a¥ e .| i Mdrd Qahingdale, thrd temposetyed waen
silicon is used for the counter-surface. Likew se, 15 when a silicon
nitride surfadeuns amirtdviged oppes twhdse deiegllkeintysial psefecanlyi I m the
rate of etching the single crystal silicon filmis also | ow and

subst aniPal | yneamd owert Hban FGECT etmshienpraeferabkernvet Wpearsthavon is
used for the counter-surface. 20 In short, in the process of heat-treating
silicon in a RPAr&gedLedhex Wnef egtakishiate, LQWRT ctdn ng0PaEe wWPnI the about

ten tinmes greater when the counter-surface is nmade of silicon oxide than
when t he other hand, the upper limit of the temperature range is

preferably not higher than the melting point of
silicon, more preferably not higher than 1,200°C. If
15 the smoothing process proceeds too slowly, a smoothed
surface can be obtained by using a longer period of
time for the heat treatment. Regardless of the
material constituting the counter-surface, the etching
efficiency can be improved by reducing the pressure of
20 the atmosphere 1f the distance separating the
oppositely disposed surfaces is invariable because of
an intensified interaction of the oppositely disposed
surfaces. This is attributable to an increased
diffusion length of gas molecules that appears when the
25 pressure is reduced.
For the purpose of the invention, while the

counter-surface constituting member 3 may be made of



counter-surface is made of silicon. 25 (Etching Apparatus) Wile FIG 1
shows a typical etching apparatus according to the invention, it may be
nodified in - 30 wvarious different ways as will be descri bed 26 JUN 2002
hereinafter. FIG 5 is a schematic cross28ectional view of another

enbodi ment of etching apparatus according to 5 the invention. The

enbodi nent of FIG 5 is so configured that 2 6 JUN 2002 part of

hydr ogen- contai ning gas fromthe gas source 5 is made to pass the gap, or
the acting space AS, between the article Wand the counter-surface 10
consti t uti ng amnerterizel ose leng| ensthat govhsesxbagdeceumarg.i€khe node of
arrangenent of the article Wand the counter-surface constituting nmenber 3
is not |initeédlicarhoniie agsherRon, | At FLE PIefahapbd vt BE SHeyadier arr anged
longitudinally (transversally in the 15 drawing) in parallel with the
furnace tubel@VifHe & FHEERCA . OTheYirRy2aft é1RaPi ¢8R idi fifdtfhs shown
in FIG 5 or still alternativel‘g%ge arranged in_an . .inclined fashion or

vertical ly i FREHRAT AntWefts mieEeT ot i 1 "aFEEr RAVIDE ¢ ST HIS ty of
ticl w 20 b d at nt d i |1 el .with h, ot h
in & sifgle FARAcE PIG o6 1SS Eentetrenerole s BeEToRAP Y &b oiodh
nmbodi t of. et i { i e i i ted t
ol Lecti vel y et 1S aPafefHEe P8 bRl Bubya, RERRLD A0 afent od 1o

gltflh'cgg appai s - fliFade SaPhYLal L1Y;8EnabklGke%: 1YWt haying a

The counter-surface should be plane and held in
parallel with the surface to be treated. As for size

io and shape, the counter-surface preferably has a size
equal to or greater than that of the surface to be
treated of the article W and a profile similar to that
of the article W.
The counter-surface constituting member 3 may
15 preferably be part of the support member 9, which may
typically be a tray.

While the distance, or the gap AS, separating the
counter-surface and the article may vary as a function
of the silicon surface area (to be etched) of the

20 semiconductor article, it is preferably not greater
than 20mm, more preferably not greater than 10mm, to
achieve an effect of boosting the etching due to the
interaction of the oppositely disposed surfaces, when
the semiconductor article has a diameter greater than

25 100mm. Although the distance between the oppositely

disposed surfaces has no particular lower limit, it is

practically not smaller than lmm, preferably not



- 31 - 2 6 JUN 2002 oxide filmon the rear surface are arranged in the
furnace in such a way that all the front surfaces of the articles are

di rected upward. Then, since no counter-surface is found for the QqﬁJ%Pzwz
article WL, the 5 silicon surface of the2article WL will not be etched In
an intended manner. Differently stated, the top article WL operates as a
dummy article. Al the articles Wexcept the top article Whave a
counter-surface | ocated vis-a-vis, which is the silicon 10 oxide rear
surface of the directly upper articles W so that all the silicon surfaces
of the articlesaller| Bmbe etched properly. Wen all the articles W, Ware
arranged with the silicon front surfaces directed downward, the bottom 15
article operates a8 8UBfiRRP BPPPERENIFPEOCESEEIRITH yWhehrihRi pal area of
a vertical furpace. Wen a horizontal furnace having a,confnguration t hat
can be real i Ze4eBYSedpSHRARFEl PY THRNPRELOPEFT S BT 650 a | ateral

ide is 20 d, I it f ticl i,ll b i de by. sjd d
ol Lect i vel y GPBREETRREG%s] WPEFEFASRr ot NEXe. ARt (i TREG LT nace
of FIG & is adapted anly fo.collegt yely fealslyea; gnd goh articles

having a silicon oxi'de rear surtace. oWs "an arrtangenent adapted

"B e PRG0S RSS2 e

a counter-surfage,e98kh bUbERE TRTBeHe3! (RAWINAG alhd @adssi |1 con oxide
rear surface IS I nterposed between two adjacent articles so that the S

surface of thenbe¥Bing' bkrebes¥2stars begaked vis-a-vis the silicon oxide
rear surface
The silicon surface smoothed in this way is highly
10 suited for preparing semiconductor devices. If the
counter-surface constituting member of silicon or SiC
carries a silicon oxide film on its counter-surface
arranged opposite to the article, the silicon oxide
film gradually loses its film thickness in the etching
15 process and the etching rate of the article
dramatically drops to about 1/10 of the initial rate
when the silicon oxide film is totally lost.
Therefore, on the basis of this phenomenon, the silicon
layer on the surface of the article can be etched in a
20 well controlled manner with an enhanced level of
reproducibility by making the silicon oxide film to
have such a film thickness that the film contains a
number of Si atoms equal to the number of Si atoms
contained in the silicon layer that has to be removed
25 by etching. If the silicon oxide film of the

counter-surface is of the stoichiometric composition

and produced by a thermal oxidation process, the



(counter-surface 4) of the counter-surface constituting nmenber 31. Thus,
the Si surface of the article W2 will be etched properly. Wiile the
counter-surface constituting nmenbers 31 of FIG 7 have a tray-Iike280JUN 2002
profile, they are not limted to such a 8hape and nmay be repl aced by

pl at e-shaped nenbers. In any case, the distance between the Si surface and
the counter-surface is preferably not greater than 20nm nore preferably
not greater than | OmMm to achieve 15 an effect of boosting the etching due
to the interaction of the ogpositel¥ di sposed surfaces, when the

seni conduct or83griGQn KbEde af Y1ANRE eFNGr EQVBLCENEN TEGHRMCOTRE et el vy
etching the silicon on the principal 20 _surface (front surface) of the
article duri MPMRRF HRIeTRBLVeRRSpRoteid EBAGHEESE i(Fox) that is

hydr ogen- cont ai ni n sphere is _acce] erated en _one or re than one
O 1 S ng | AT G ShCRTAE. G566 SEGT Rt BRCotfaaHTERS GHntdimed | n 1 he
at nosphere gasj_The g{ching efégc% %gvdge t@hhge5§x9%§§2H§;§ Lgi{ées can
be reduced bf”r@éﬁ’ nda¥%E FP oW’ r APECYF at nosphér e gas on an Sl t he

princi pgl surdace jn cggldaeeicf;ﬁ LEAHES leﬁeg%gpgp gxhy%ggcrg&k%ﬂﬁ?eto{%s(%g%g,er

supply of the Inpurities such as noisture an

the etchi ng pRaess BVoL vidgsthe, bt eiAcki gRedliakerdid g surface and
the silicon oxide counter-surface can be rigorously controlled. 5

Particul arl y,tracisioyd oh £hE. s81iEbE Lhowrr abe pk2 réfnAldmsphere gas on the
front surface of article Wcan be reduced practically to O and the etching

potential of the SAddsdinyi 86 oOhet haveaunbar - swef ackCc ¥ etdmxhded | y
expl oited when the article Wis so arranged 10 in the furnace tube 1 that
the gas fl owsillliccnd A#lmntcensket coherdiliedt winhout e &Kiilawloty sur f ace of
the article and the silicon oxide counter-surface 4 of the counter-surface
const i £6t i ng wigHier 8 Fangecketdeen 1.0x107°nm/min. and 1.0nm/min.

Taking the efficiency of heat treatment into
consideration, the etching process is preferably
conducted at temperature higher than 1,080°C with an
etching rate of not lower than 0.046nm/min. or at

15 temperature higher than 1,100°C with an etching rate of
not lower than 0.llnm/min.

By such an etching process, the surface defects of
the silicon film can be sufficiently eliminated when
the film is etched by 10nm to 200nm from the surface.

20 Particularly, in the case of an SOI substrate, an SOI
layer having a thickness between 20nm and 250nm can be
produced without difficulty by etching the silicon film
that typically has a film thickness between 50nm and
500nm by using an etching method and an etching

25 apparatus according to the invention.

Then, the obtained surface will show, for example,

an Rrms value of at least not greater than 0.4nm,



vis-a-vis the silicon surface and separated fromthe 15 [atter by not
greater than 20mm as shown in FIG 8. Note that, in FIG 8, there are shown
an SO substrate conprising a buried insulation film22 and an SO IB%@LZ @3
formed on a silicon substrate 21 and a-camt-er-surface constituti né g
3 conprising a 20 silicon substrate and a silicon oxide filmformed on the
surface thereof. FIG 9 is a schematic cross sectional view of an etching
apparatus prepared by nodifying the vertical furnace shown in FIG 5. 25 In
FIG 9, a total of four articles Wand a dummy article WL are arranged
coaxi al | y andPHeferiaplye sHvdc gnfe tatojtdrn dha? ot peaxe 1B¥e£«ﬁ¥@1ﬁlen@ge
support - 34 - 2 6 JUN 2002 nmenber of the etching apparatus. The dummy
article W i s93Ra&eTs Fhery &-d 584 r Withg W ISEFF D3P fil mon both the
front and rear surfaces, whereas the articles Ware Si gubs rates carrying

a 5 silicon oxide fIAFCHRY OR IR IR IFUMBE LS TP THPLUCEE e BRI APt he
fl te 11 of i th h t bt ai ned t t] th
cross secti ondfHREE aP R SBREERTAR I PITI TS Thbh PReAEr SELPREct | onal
f the f { 1 i ) f_t f t i
control 18d t o PORERANEE, SAE Ui AR S Radl i s IS LELRTSES 4B0) o

and near the fhank SULRcRNY FAGTAr i df Witlatof SchdinghdgoEn paral | el
with the front surface™i s nade |lower than the flow rate 11 of gas running

15 per pendi cuk akhpdue ihbe ghlonhtsrfiRc enirhdde, outer peripheral area of the
article W Preferably, the flowrate 11 of gas passing through the area

obt ai ned by subtraghing the ¢eesxistctiufitdcearkean®df bdemse@si conguct or
articles fromthe
it is preferably made of vitreous silica for the
10 purpose of the invention.

For the purpose of the invention, the heater 2 may
be a resistance heater, a radio frequency heater or an
infrared lamp.

Now, some of the findings that have led to the

15 present invention will be described below.
(Findings on the Dependency of the Etching Rate on the
Material of the Counter-Surface)

The inventors of the present invention looked into

the conditions for the heat treatment to be conducted
20 in a hydrogen-containing atmosphere in order to remove

fine undulations on a silicon single crystal surface

and found that the rate of etching single crystal

silicon varies remarkably depending on the material of

the surface opposing the single crystal silicon surface
25 (counter-surface).

FIG. 2 is a graph showing the dependency of the

etching rate on the material of the counter-surface and



20 cross sectional area of the furnace tube (outer peripheral area of the
furnace tube) is controlled to 30cc/mn.cne to 150cc/ mn.cm- and the flow
rate 12 of gas on and near the front surface of each article Wtha?ﬁiﬁfNU
running in parallel with the front surfa2é¢ +s 25 nade practically equa Zt[g
0. Wth any of the above described enbodi nents of etching apparatus, the
furnace 1, the tray 31, the - 35 2 6 JUN 2002 support nenbers 9, 13 are
preferably nmade of vitreous silica. The heater 2 nay be a resistance
heater, a hi gch frequency heater or a la heater. 5 (Method of Preparing a
Semi conduct orchg thed ) tR@AFe het fiB0S ?%F@par TRy tRes@FePoh@fctidiCar ti cl e,
using an etc 'ngti met hod accor di ng t invention, W be descri bed) FIG
arhe f e

h AN
lg is a flaw%h PO ARG go%ﬁgﬁ §§pr?.5e§lﬁﬁs'3$‘§t & YRR of the
| i d i i t] i.taxi.al, |
cl eave procesru%m%é:rr'gopyt%@gg{'%%%‘e' yl)gg%?th%Aﬁrngth%@u%ﬁtaalt SWEL

transfer process; whith ical process.” Firstly first

article is prepgrodi. Sep Sl MbLe,S0eEhEEaELYa s HYdLp08) ons or rare

gas ions are i nplant e waf er carryi ng an oxide ‘i nsul ation

filmfogmed %ea}eé§a§r§e0\p&picéfe%§g%f acgsebanpLodyge a (potential)

separation |l ayer at a predeterm ne pth. Alternatively, the surface of an

Si wafer is POFIMSC ATy L&y AOSs BT B¥ENShg! 8%k iI(BmyHRIrECE ed g 20 an
epitaxial growmh. (rthen the PACE process is used, an Si wafer carrying no

oxi de fil m orfiann Shiv@edshayf nghétsosuLbgee oxi dhaedingllle ke-ypiegmar ed.
Meanwhi |l e, a second article is prepared in Step S2. The second article my
be an Si waf erilabtcn negydyy @5 axbariedginbelstipkracenobeawbsetiveaty Si
wafer, an Si wafer having its natural oxide filmrenoved, a quartz wafer or
a nmetal subswdigathout difficulty by means of a commercially available

10 light-reflection type film thickness gauge. Then, the
etching rate can be determined by observing the film
thickness before and after the heat treatment with
varied durations and calculating the change with time
of the film thickness.

15 In FIG. 2, data set A represents the etching rate
that varies as a function of temperature when an
counter-surface of Si is arranged opposite to an
article of Si0, that is etched. The activation energy
Ea as obtained from the inclination of the approximate

20 line produced by using the method of least squares of
the observed values on the plot was about 4.3eV.

Data set B in FIG. 2 represents the etching rate
in a heat treatment process when a counter-surface of
Si0, is arranged opposite to an article of Si that is
25 etched.

Data set C in FIG. 2 represents the etching rate

in another heat treatment process when a



- s 6 - 26 JUN 2002 Subsequently in Step S3, the first and second articles
prepared in Steps S1 and S2 respectively are bonded together directly or
indirectly with an adhesive |layer interposed therebetween. It wll g
sufficient 5 when either of the surfaces2& -the first and second af#8iJyNdyl
to be bonded together carries an insulator unless an article having a
structure other than the SO structure is prepared. Before the bonding, the
surfaces to be bonded may 10 be activated by irradiating themwth ions of
hydrogen, oxygen, nitrogen or rare gas. Then, in Step S4, (unnecessary)
part of the fEpuntartFEréackapthd BecmIBEMuas (QPRIRE BRcoMERI ti cl e (to
produce an assenbly) is renoved. Rou speaking, two 15 different

t echni ques ar@r & ?aBﬁesﬂthPénéﬁlﬁ%Cﬂﬁq of TREAFE @ TtIRR | PRTINER| s t he
t echni que of ving part of the first article b rinding or etching and
the other is ?ﬁet{’éﬁhﬁgaﬁetEFa%‘&QFaf“’aﬁg ey r4on}¥ \gl de portion and the

rear side portion Pgngaﬁgflrs% artlcEp Zofﬂkgngzthe se arathg | ayer forned

inthe first article n Fﬁ Eief technlque|§§3ﬁﬁa et d%necessary

part cary be ugeghiapgrg%ggama 555 Q00 ] s A6, G0 Des sy |

mai ntai ns the profi er a e reno 1 rst artlcle can

be separated byu2Bohealyiheal LRgshbe _@éss@%?eéi BipBg, tluid Lhat may be

liquid or gas to a atera the asse y or anlcally peeling it

off fromthe gegicie of3§1d2€h§£m£3088cﬁae Su&B@C%CQEV%QQdﬂléﬂqu%ayer
(SO | ayer) of the assenbly (SCl substrate) that is now free from

unnecessary peatoEsthakhBeatoughatmlow MG/ Qitsut resy of the porous |ayer
and/ or undul ati ons caused by the
As seen from data sets B and C FIG. 2, with a heat

10 treatment conducted in a hydrogen-containing
atmosphere, the silicon etching rate is increased by 9
times without changing the temperature when the
counter-surface of silicon is replaced by a
counter-surface of silicon oxide.

15 More specifically, the etching rate is as low as
about 0.045nm/min. at 1,200°C when two single crystal
silicon surfaces are arranged vis~a-vis, or a silicon
counter-surface is arranged opposite to a silicon
surface to be etched (C in FIG. 2). Only less than 3nm

20 of the film is etched out after 60 minutes in the heat
treatment. To the contrary, the etching rate is raised
to about 0.36nm/min. at 1,200°C so that as much as
21.6nm of the film is etched out after an hour when a
silicon oxide counter-surface is arranged opposite to a

25 silicon surface to be etched (D in FIG. 2). This

etching thickness is comparable with that of a touch

polish process.



5 grinding or etching operation. Therefore, in Step S5, an upper portion of
the silicon |ayer showi ng a rough surface is etched out. Then, the surface
roughness of the etched silicon layer is snobothed to a | evel of sq%g@ 0
roughness of less than 0.2nm (in a | um @§uare 10 area) due to the s ?HAg
effect of the etching operation. If the etching is conducted under

optim zed conditions, the surface roughness can be reduced to | ess than
0.15nm in sone cases to less than Olnm FIG 11 is a flow chart for
preparing an SO 15 substrate typically by nmeans of a Sl MOX process.
Firstly in Step SIIG-aR $if ®al&rns Shdpdiedhr tEhrtPagr AEBeFP&P. Then, in

Step S12, oxygen ions are inplanted typically.wth a_dosi rat e_of about
2x181' cmz t%géomﬂﬁfﬁi&}ﬂ ?,r}plfé'iené’ SQJ&&@%?%W%%S% ?‘éﬁgg‘a?sbgfﬁeen

100keV and 300keV. Subsequent] ing S 13...th fer. inplante ith
oxygen ions P$ RABGt StPeat eﬁnaﬂ{;enger%tﬁgr OBerin gcr‘? Rsjoo[e aerééls,%b to
produce a burjed oxide fil.m 25 .Then, .i 4 rfgce oxide film
is removed fHﬂﬁh ?%glh%ﬂ‘lgf écclé“eoﬁ mtlhne'e)sahe[r}a%?e&% %%%: fgﬁyoéggg film has

been foénEd'rgaﬁggeﬁgg %%%?é%éﬁiﬂé”¥hfﬁﬂﬁé§§ Ofhm§ Ngn @t nkaygrtof the

obt ai ned SO rate shows un ati1ons caused by the oxygen ion

i npl ant at i ony (SteReS12) ARbARRH&S B¢ i inghrdherduri gd oxpde Hi.l miESt ep
S13) if a polished wafer is used as 5 starting material. Thus, in Step S15,
the wafer ispsghj ect ethd rareetitidigOngiat | Bite | ia BugBNOBLadnedestirbed
above to renove an upper portion of the SO |ayer having undul ations. After
t he etchi ng, thbe asttiifaee hefs tdie SO, saydaceshaisl asurdaceteoughnésseof 10

| ess than 0.4nm (Rrns) in a fpmsquare area and less than |.5nm (Rrns) in a
50pm squar e aseaadel afhéigbotemsst riled bethodsrolepr ehavi fhea

sem conductor article according to the invention, that of preparing an SO
substra®e byvedaes obsemyead eden Itheraeeseleshag APdPdgeHTEESS @H%nt ati on
w Il be discussed in greater detail by referring to FIGS. 12A through 12D.
In Step S21, the cexstterreWiiga eloiMete PTwat®r- 31 that is the first

article is thermally oxidized t 0 produce a silicgn_oxi.de | gyer that
becones a buried s d%FCf“ler%lé'Z :ghdwﬁﬁlénahf/%rr%gg T8FPRy éjafgglsealtons are

implanted typically wt r%italmdolsg r@%é@ég &g,f xgug %gé%%%&&;tgggm%@cm 2,

using an accelerdtion’vol'tage of between eV a V. lons may be
i npl anted by .ga pRANS QS 13k QD 415 ahdlRie Una ARSI BSEAVELYsubEaR:

hydr ogen or rare gas plasm, by utilizi ng the potential difference between
the pl agm and theaVf€rsi ASs @ndicated by white circles than when
the article has an Si surface and the counter-surface
is made of SiO, as indicated by black circles. In
short, when an SiO, surface and an Si surface are
oppositely arranged for heat treatment, the Si0, surface
20 is etched to a greater extent than the Si surface.

FIG. 4 is a graph showing the rate of removing Si
atoms when an SiO, surface is etched, using an Si
counter-surface, and that of removing Si atoms when an
Si surface is etched, using an Si0O, counter-surface is

25 used, as obtained by calculation on the basis of FIG.

3. In FIG. 4, the horizontal axis represents the

etching time and the vertical axis represents the



- 39 2 6 JUN 2002 result, a separation layer 32 is produced (FIG 12A).
Then, in Step S22, the surface of another Si wafer 21 that is the second
article is oxidized and the oxide filmcovering the surface to be bgﬁg@&ﬁ
removed to 5 expose Si, if necessary, bef2ore the two Si wafers are 002
together with the exposed Si surface held in contact with the surface of
the insulation film22 to produce an assenbly (FIG 12B). Subsequently, in
Step S23, the assenbly is 10 separated into two parts along the separation
| ayer 32. For segarati ng the assenbly into tV\D})al‘ztS, fluid (liquid or gas)
may be appliedumges PAt EeaPVeddE ot {sS@fAA\FMindethisi g ssraesure unti |
the separation |layer that is a nmechanically weak brittle_|ayer is destroyed
15 and the waPdP: RUTRGRR | RRLRTFI1pdiparately FPoRPt FEXSd&SDIy, | eaving
the silicon film23.on the wafer 21. Alternatively,. the two fers may be

t enper at ur e hF?jﬁ@Pgtlﬁﬁnaggoéqé‘iaﬁ?lst'~tﬁ‘fet éﬁbﬁeﬁé’eé;orﬁd’i @rs]{aecbe?o @t Tdw fine
20 by hydrogen qt r%]rs gas 'leon tgr%rloewl er 3 tha‘,:jgn onsequently the

waf er separat%ﬂ 8t h Yag 8 Iﬁ Iea\ﬁ’ng 25 Ghe FE 215 heat - t r eat ed
at 3neously with or_ b es_g j atj on 3l t he

sili conu'“?si | m The w% egg?& ggp??&%%%q%r%% %@?@?ﬁbl% (r}%lﬁl%rga%}%g‘gssed as a
first or seco ar.t.i C i i i i p | f a
waf er after tlelfeier é{ﬁl{)}\géﬁ Bgl ?ﬁg‘%glﬁieﬁ %gqﬁel s ta%dﬁ’re@uc%gl%{/@? hfeg%ﬂﬂig}ﬂgﬁess of
the 2 6 JUN:28024- v4Quméi birCcan &fiihiogs ofille rRHSHANG: thes SePabatrd waf er
31, the surface 25 exposed as a result of the separation is polished and
singl e crystahubkircon Eillitbs mdmst @adoalatey earond iy asgbhepi t axi al
growh (FIG 12C). After the separation, the silicon film23 shows a rough
surface w th vwallumat ofns esangee byysted @Rilbleas (immaewmias). Therefore, in
Step S24, it is arranged vis-a-vis a silicon oxide surface and

heat ed-%Q eat etilinstoatieflydnoféh-cont dihdthgheeduwsibey atfiospmeyedt o et ch out

silicon atoms is substantially same for the two

surfaces, meaning that, when an Si surface and an SiO,

surface are arranged oppositely relative to each other

for heat treatment, Si atoms will be lost substantially
15 at a same rate from the two surfaces.

Thus, the rate of etching a silicon surface is
accelerated by the interaction with a silicon oxide
surface arranged opposite to it. This interaction will
totally be expressed by the reaction formula shown

20 below, where silicon and silicon oxide react with a
ratio of 1:1.

Si + Si0, -» 28i0

The Si etching rate is affected by the distance
between the Si surface and the counter-surface. It has

25 been found that, when a silicon counter-surface is
used, the etching rate is reduced as the distance

separating the two surfaces is reduced. When, on the



an upper portion of the silicon film 23 including the rough surface by
means of a nmethod according to the invention in a manner as descri bed
above. As a result of the etching process, the silicon film 23 shgv& ﬁwlnﬁ
smoot h surface (FIG 12D). Since the waRk&r -21 carries a silicon o¥ ¢ In
24 on the rear surface thereof in the exanple of FIGS. 12A through 12D, the
silicon oxide filmmay be left on the rear surface of the SO substrate
after the end of Step 20 S23. Therefore, a nunber of such SO substrates
can be sinultaneously subjected to an etching process in an apparatus
accordi ng t PErerihged:i ansasigescrraes @@w\%eafrr@qnﬂ% ret ¢S FIG 6 or
9. The silicon oxide film?24 on the rear surface of 25 the wafer may be
formed priorth® ehehbBadFAGest8pTadsaes@sS FE¢ AISVENSP rREBIeEhgtPs FI Gs.
12A t hrough 12D. Alter nat i,veI% it may be formed after the separation -
41 2 6 JUNB092SUTERCEF dir FRYUFRE -heat treat ment/bonding step, which is
conducted in an oxidizin nospher e, W, a t hod of pre ing a

sem conduct or art%‘(hﬁq:é%%?/gang%xs ggeaﬁtgplltngxiraalr{%l éLferr mragrr%%y p?%‘@ess will
be 5 disscus i t Al r ri.ng st.o Fl thr pLstly, in
Step S31, aﬁﬁg?ﬁgfﬁgl %ké?gégaﬁgg‘%‘g?gr al{Se Cg)fg?g%e?gﬁg?eagyg%%é{??%éarti cle
and a | ayer hayiffnanfOr8Usedhityfn Ub%s%%dh%&ﬂi@%ﬁidﬁ%} degeﬁp
princi pal front surfacCe thereof. Porous Si can be produced by anodi zi ng t he

Si substrat ﬁf‘@' anf HeomphybioRi tRUehed cRAINAWY e sy ad sprage- | i ke
structure, ere pores wth a dianeter of about 10'Inmto | Ohm are arranged

W th intervatise cdtabsphet@' ¢oh@alhsl Byd@rodkin.e tihe genst f yeleé single
crystal Si is 2.33g/cnB, that of porous Si is variable and can be nmade to
fall wthin @resegeebefweeduifhgagds). Gpicts ilsy tyggidadtlinghydireogen
concentration of the HF solution wthin a range between 50 and 20% and al so
regul &0 ng tdrs 20canr sdanifénshtyyvandceiensdee the @ticthing codbe.i s added to
the reaction system The porosity of the porous |ayer can be controlled by
nodul ati ng tReRpacFilécpsFEurance and ché&ddr@cd®4ids sYpEaes ®KHe portion

of the substrate to_be nade porous. An Si substrate 25 having the p-type
S ontuct Tvi LAl TS CaPHORE bR oF OpBREE: B e h (thes S Hbmdcerbrar e "

Zgb_s”za‘ée Jﬁ%%%gg‘%‘ WEPLLs! §r8 dRURAS AL UL ALS {F dr U0HEL BT -

one of the surfaces gets to the other one by way of the

i5 reaction with the reducing gas, which is typically
hydrogen gas. For instance, there may be reactions
expressed by Si+H, - SiH, and SiH,+Si0, -» 2S8SiO+H,. The
Si atoms that have left the Si surface are, at least
partly, transported through the gas phase to the

20 silicon oxide surface, where they react with Si0O, to
produce Si0O, which shows high saturated vapor pressure.
Since SiH, is consumed continuously, the etching process
on the Si surface will be promoted. When, on the other
hand, two Si surfaces are arranged opposite to each

25 other, the rate of chemical reaction is determined as a
function of the diffusion of Si atoms in the vapor

phase once they get to show a saturated concentration



anodi zi ng condi ti ons because the forner shows a pore density higher than
the latter by a digit, although it nay show a snall pore dianeter. In
short, the porosity of the Si substrate can be controlled by regulating 5
t hese conditions and using an appropriat€9nmethod sel ected out of 8
of feasible nethods. The porous |ayer 33 may be a single layer or a

mul tilayer structure conprising a nunber of layers with different
porosities. Wien ions are inplanted in such a way that 10 their projection
range i s confined withjin the gorous | ayer. t hat i% gro uced by anodi zati on,
bubbl es wi | | B&%br i $h 1Re"Pbreetl P9 ocPed Rdart h@tﬁ&’dj”@ct’?%? range

and consequent].y. thet orosity of the %ayer can be raised. The ion
i mpl ant at i on "priot 64T e B cHRIcP eI 15 before or after the step of

form ng the por ousr(l) a,é/r?rc %?@iggéfa\yﬁg{qh% gyegugltftagg %gg %he%\iqj‘ formng a

single crystal sem tondu e porous layer £3A). Then

In Step S32, gl 4&ast. A pgé}%ggéggiﬁﬁéngkeazgmgr ¥AEA nacl GpduhRr dayer 23

is formed on € porous a non-porous single crysta

sem conguct Orsdla%/ e %%ﬁyapeléaé't NGh L ey StahsSheliaar ther iRe-Meepi taxi al
ormed by

grow h, a | ayer transformng a surface |ayer of the porous |ayer

33 into a nonRsHOoKRISoPad a¥ £1m 050 SEABL OLher cARRReRNI #eadtayef wilfi a silicon
oxide layer 22 is forned on the single crystal Si layer 23 by thermnal

oxi dation, thridtHer fgcecobdt hetsongl eny redBri2t8odldN 26Q2s yst@l silicon
| ayer and the buried oxide filmw |l be a suitable interface containing

| ess surface tgiait esart drareprdguceddr oml tbhei 840, osuXFh@G 48blys bnh$Sgep S33,
the principal surface (bonding 5 surface) of the sem conductor substrate
wher e sai d norepar dexesswye e thgsraacsionagan pgoggedpadithiomtmed is held in
close contact with the front surface (bonding surface) of a second
substrdfe 21.rqIt¥LCEHERNSE abl BheR BN eBhSeSURESSEr 8T ERIGUAPRIE Fedove 10
any adherent foreign objects fron1then1befoge they are broug?t into close

contact with %ach StPRIe (BYStasFilaferséidfd s tRdfe OfayP T HIP Si

substrate, a substrate obtai ped by.form a silicon,oxide. filmon an S
substrat e, afﬁ%ﬂﬁlq$§%§%¥¥?Fﬁg %%ﬁ%??ﬁtgglm is SWRLcahtiarly Bane

as the limited etching rate that is observed when
silicon is used for the counter-surface. Likewise,

15 when a silicon nitride surface is arranged opposite to
a single crystal silicon film, the rate of etching the
single crystal silicon film is also low and
substantially same as the limited etching rate observed
when silicon is used for the counter-surface.

20 In short, in the process of heat-treating silicon
in a hydrogen-containing atmosphere, the etching rate
will be about ten times greater when the
counter-surface is made of silicon oxide than when the
counter-surface is made of silicon.

25 (Etching Apparatus)

While FIG. 1 shows a typical etching apparatus

according to the invention, it may be modified in



15 typically nmade of quartz or a sapphire substrate, although it is not
limted thereto so long as the surface to be bonded is sufficiently flat
and snooth. Wiile the second substrate is bonded to the first SUb%%ﬁ%HQZMZ
with an insulation layer 22 interposed 2@ therebetween according to t
illustration, the insulation |ayer 22 may not necessarily be used. For
bondi ng the two substrates, an insulator thin plate nay be sandw ched
between the first and second substrates to produce a three-|ayered
structure. 25 Subsequently, the unnecessary portion on the rear surface of
the first supatriave 9ifiRaA e SRS IVaydr B3 dpec¥eheded to expose the
non- por ous sj ngl e crystal zZzs ~aN200 - 44 Si layer 23. Either of the
above descriB%He%R6f¥€Ehniques is used for this step of exposing the

non- porous single_crystal, Si_ | ayer 23, although s het _t echni que may
alternatively be Egéd.%SlﬁthE% §mF%PS ‘?E%ﬁ%%ﬁﬁ%?f$ﬂgif§%§F égbstrate 31
is renoved f r. <Sl XRQSE; a (St S34).
Thereafter, %ﬁgkhggoégng§g§§§%QP§ renodgggﬁgggﬁgggédxgﬁgéﬁéﬁgpggous single
crystal siligﬁg L ayeh+23nl0 (Step S35). It is preferable to renove the

por ous ?ayer y selective etching. Porous silicon can be selectively etched
at a rate 105 tingsedepdbelinddian dherr@l & of s ed§hbBgrnglrear @ustsi ngl e
crystal silicon when a 15 m xture solution containing at |east hydrofluoric
aci d and hydpagenore hguirdgydrs desath i isgirdas ef Beh | YReagant saay cbe 5added to
the etching solution in order to prevent bubbles from adhering to the
surface. Al cobBomagiechoapacishyhealgaholommasheratetayl gpbeeussd as 20
surfactant. The sel ective etching process may be omtted when the porous

| ayer is verbethren Wheh arhe clec dhendectire (reuntée-subferceat es are separated
al ong the porous |ayer 33 that operates as_sggaratign | ayer to produce a
profil¥0as shROWAtiFULiag Iemsy Hroefiers 34, L ipws sépaPathEn iy Use
realized by the use of external force. Methods that can be E%e% Egﬁithe

separation | REMRdE -anodgeotifdes SpRIERIGIERF of the artic

the counter-surface constituting member 3 is not
limited to the one as shown in FIG. 1, where the they
are arranged longitudinally (transversally in the

15 drawing) in parallel with the furnace tube of the
furnace 1. They may alternatively be arranged as shown
in FIG. 5 or still alternatively be arranged in an
inclined fashion or vertically in a horizontal furnace.

Still alternatively, a plurality of articles W may

20 be arranged at intervals and in parallel with each
other in a single furnace.

FIG. 6 is a schematic cross sectional view of an
embodiment of etching apparatus according to the
invention and adapted to collectively etch a plurality

25 of articles.
With the embodiment of etching apparatus of FIG.

6, a plurality of articles, W1, W having a silicon



2 6 JUN 2002 - 45 external force such as pressure, tensile force or
shearing force or the use of a wedge, application of ultrasonic waves, the
use of heat, the use of a technique of producing internal pressureg N
porous 5 Si by oxidizing it and expandirnglit fromthe periphery, the use of
pul sati ng heat for producing thermal stress in or softening the porous S
and ejection of a fluid jet stream such as water jet or gas jet.
Subsequently, as shown in FIG 23E for Step S35, 10 the residual porous

| ayer 33 left on_the front surface of the second substrate 21 is renoved by

etching. The PB&ARI §EdMuSBAtRBOVEFOSWERGH RS RF FBIS HayEre 33 by

Che rogi dual FBFBRGe 15nsPFRBOR FAJORTSY ol e (416 ¥ tUd SHAIThte 21 1 s
vl ogen per ot Beo Ry ChESoRFF1 4E STER. P oaep S35 1 KGsdDl y 1o
subjected to ?gﬁhgé%gshgggg |?Saf %Q%OQ%Q:qﬁmgzydy %ggﬁggﬁglﬁg at nosphere

in order to e undul at ed upper portion 2 e single crysta

Si layers23. &f,§B8rS80RrhEBBor! Rhe Bh8R L6 [/i%8 iRt Nee &df&6da 0in
reduci ng the boron concentration in the single crystal silicon |ayer and

snmoot hi ng t heaguif8e68del hhanagssenbliy A5G sk3ed,l Rt Sesp conduct or
substrate obtained by the above described nmethod of the invention, a flat,

uni formand art#6le2wf JpBra®62 tki a Sunglye aatysilal. SiaX1 |erL3 is forned
on the entire surface of the second substrate 21 with an insulation |ayer
22 i nter posedathécibst Weerceptt ake FopamgeiardeaW Buwcte aa sem conduct or
substrate can advantageously be 5 used for manufacturing el ectronic devices
that are insutaueteandurfateat ddchitem yishaotviesr,. Wwhieh dsi dust pokbusn| ayer
|l eft on the surface of separation of the separated first Si single crystal
substrat@ 31 P3idenpead anafpRe eXpdded ddaiecidy UWPPRY sHOOtBRE i W, i $0i s
unaccept abl y rough. Then, it _wll be used as a first Si singbe cristal

substrate 31 FoRTaAbLnERet FitigPrasurfesesn @fs i B 2Lt &' bel hsehe

subsequently.egg si.l i.con oiide is formed on the rear surface of 15 the
substrate 21 1 ?%% 8§gﬁ%FeY0f FI GS. 13A through 13F. However, when a

nunber of substrat@fedr 81§ 0chE AMRLEGLETWS! MY LERCAUSlhdda Ak £ CPhAY
process according to the Invention, using the rear surface ol eac O
substrate as §iiicon exbHe sQ¥RLEEsSUiFaefed® downward, the bottom
15 article operates as a dummy article.
FIG. 6 shows only a principal area of a vertical
furnace. When a horizontal furnace having a
configuration that can be realized by substantially
turning the furnace of FIG. 6 to a lateral side is
20 used, a plurality of articles will be arranged side by
side and collectively etched in a similar fashion.
Note, however, that the furnace of FIG. 6 is
adapted only to collectively heat-treat and etch
articles having a silicon oxide rear surface.
25 FIG. 7 shows an arrangement adapted to

heat-treating articles having a non-oxidized silicon

rear surface, which may be made of Si, SiC or SiN.



20 silicon oxide filmhas to be formed on the rear surface of each
substrate 21. This requirenent can easily be nmet by formng a silicon oxide
filmon the rear surface of the substrate 21 after Step S35, usi Uﬁﬁm
silicon film23 as nmask or 25 before or3after the bonding operatﬂg% rn ep
S33. FIG 14 schematically shows the silicon surface of an article before
and after an etching process _ 47 2 6 JUN 2002 according to the
invention. In FIG 14, WB denotes a cross section of the article before the
etching process, whereas W denotes a cross section of the article after

the etching 5 prot&ss. thhEnaa* POAPEGTHEr e SaCORWES BEHRRE through an
SurTace rougHALLERERRY TAEPEBoE BeSRt G haratd A LR (relet Tan ©
etching process according.to.the_in ti t he u S e was snoot hed
to show anIﬁ?ﬁfcﬁuﬁéa?%mfgslﬁ%%ﬁ?°é$§?%%&ﬁ§%§:ﬁﬁ%ﬁg%&§% ﬁgorresponds to

the surface glf&@qgggﬁsg&ﬂaggkh%hgq shraler  dsudace dhatcis wore

snooth than 11. enotes the peak to valley distance, p

denot ed%et he gap belyesn, i wo,adiacent ReakIOh L R4 Ok Ofr4ndul ation)

and t notes the etching depth. According to the invention, after the

et ching processuntde-syrkase noughnesns icduntdceAitcadudnonetefingi rd of
that of the unetched surface. Thus, a highly undul ated silicon surface

havi ng a peakedevabiey thataneBehsas shaifgecas Senay alr thiolDEEW2r8ild t ens
of several nanoneters and a gap between two adjacent peaks p as large as
several nandmetetshéd puoageedy.of Whéver dhe2 sanamnmmetserstace be snoot hed to
show an h val ue not greater than 2nm preferably not greater than 0.4nm by
et chi ng. constituting members 31 of FIG. 7 have a tray-like
10 profile, they are not limited to such a shape and may
be replaced by plate-shaped members.
In any case, the distance between the Si surface
and the counter-surface is preferably not greater than
20mm, more preferably not greatexr than 10mm, to achieve
15 an effect of boosting the etching due to the
interaction of the oppositely disposed surfaces, when
the semiconductor article has a diameter greater than
100mm.
The rate of etching the silicon on the principal
20 surface (front surface) of the article during the heat
treatment process conducted in a hydrogen-containing
atmosphere is accelerated when one or more than one
oxidizing impurities such as moisture and/or oxygen are
contained in the atmosphere gas. The etching effect
25 due to these gaseous impurities can be reduced by

reducing the flow rate of atmosphere gas on and near

the principal surface in order to reduce the rate of



2 6 JUN 2002 - 48 This snoothing phenonenon may be expl ained as a
rearrangenent of the surface that occurs sinmultaneously with the etching
process. On a rough surface, there nmay exist innunerable ridges shov ON 807
hi gh surface 5 energy surface state and %@aﬁes wi th planar bearings of

hi gher orders may be exposed to the surface relative to the planar bearings
of the crystal layer. The surface energy of such an area is higher than the
surface energy that relies on the planar bearing of the single 10 crystal

surface. In a he treatment process _conducted in hydr ggen- cont ai ni n
Feducing at moptare, Oft ey BRvEEFEss B0l el rRas e SR g Dar rior
Foduci ng of f b et nyafBgtht SheRiEr s “BbomEchog BEeEe ) B ner gy
are mobi | i Zegﬁﬁ@ Iﬁ%fé&ﬂﬁo%@ﬁ%";ag@lke&ﬁ euzgabe_a%%_srew hisudaee that

has a | ow surface energy. T ower the planar bearing index of the single

crystal surfaggad heowRtert berphaBachai B8 2ngostuatp eonthinaatenf the
present invention will be 20 pronoted. Exanple 1 (epitaxial |ayer

transf erg hor izont adufar Ce4AS ERorAuDheFigur Bacehe Eabweaehespecigwen, the
surface of a 6-inch boron-doped Si wafer having a specific resistance of 25
0. 015S2cm anth@EnddPdror s&at @hi ehewasoatoduz edcenod aettuidlen W @adrmibe ng 49~
HF and et hyl al cohol mixed to a ratio of 2:1 to produce a | Oumthick porous
silicon - 4Sdvcdd hiNe2002al ayetoof &hé whkeptshribhgcpotEmEisll iccon waf er
was then heat-treated at 400C in an oxygen atnosphere for 1 hour and
subsequent | y thepetlictn axlde504 HFhagaevnter~surface can be

maximally exploited when the article W is so arranged
10 in the furnace tube 1 that the gas flows 11 and 14

intersect the direction of the silicon surface of the

article and the silicon oxide counter-surface 4 of the

counter-surface constituting member 3 is located

vis-a-vis the silicon surface and separated from the
15 latter by not greater than 20mm as shown in FIG. 8.

Note that, in FIG. 8, there are shown an SOI
substrate comprising a buried insulation film 22 and an
SO0I layer 23 formed on a silicon substrate 21 and a
counter-surface constituting member 3 comprising a

20 silicon substrate and a silicon oxide film formed on
the surface thereof.

FIG. 9 is a schematic cross sectional view of an
etching apparatus prepared by modifying the vertical
furnace shown in FIG. 5.

25 In FIG. 9, a total of four articles W and a dummy
article W1 are arranged coaxially and held by

respective projections of boat 13, which is the support



solution for 30 seconds to renove the very thin oxide 5 filmformed on and
near the surface of the porous silicon |ayer. The silicon wafer was then
washed well with water and dried. Thereafter, the silicon wafer W?g Junaged
in an epitaxial growth system and heat-t¥eated at 1,100C in a hydfogen

at nosphere to 10 shut al nost all the pores on the surface of the porous
silicon. Then, a single crystal silicon filmwas forned on the porous
silicon to an average thickness of 300nnbnm by addi ng di chl orosil ane as

silicon source gas t e hydragen gas. The silicon wafer was then 15 taken
out of the éb??‘lgﬁfa??g%g\?n ﬁ)é%“#@mag)r&?ﬁﬂ%'d in an oxidi zi ng furnace.
Thus, the surface.of the single c¢r al., silicon filmwas oxidized to
produce a 200nm tﬁﬁ%kdgfnfn?'cg%t&fﬁ(%%ll I'm bailn n%%nséu%g]cﬁ%ﬁ%ug nglags ®of

oxygen and hygf 9g6h. 585 ¢8 ¥4SW or0hdPH d&gé Of'ror]i%gagg f{e%ﬂ' EugEyshal

silicon filmvcane to show a thi ckness of 210nm anwhi a second ‘silicon

vafer was preparedsanfeeach e ddhg walers: V@?bs%&béa@ééegaT:Py%an% cl eansi ng
operation that is popularly used in a silicon device process o produce a

clean syrfacei1iben, okhaet Wa 126 ovily ean e exsameserbepded together. The
silicon wafer assenbly obtained by bonding the two wafers was placed in a
heat treatnent furnatkiswaese idgasas hdad -ftY@atedite 1150f ghsl, 100C for 1
hour to enhance the bonding strength at the interface. A nitrogen

at nosphere wsssied tbrough hdat aresataierdindddry shetfacstingi kheon waf er
of the silicon wafer assenbly was ground fromthe rear 2 6 J U N 2002 5
surface unti¢rohe pectdonsill iaged lvec dite es@ubeehddhear ahtisilkscdmamaf er
assenbly was dipped into a m xture solution of HF and hydrogen peroxide to
etch out thethereugssi EPEdFHOPHe agsse s yt%sf‘ilﬁé@\c%ubjl%@t €8utera wet

cl eansj ng operati on and cleansed wel|. The single 10 crystal _silicon film
producded by BPFtBRPEPLgAGREh HadFedM TG rierPed bRt 5oPhECLEInEFSsi i con
wafer with t sili.con exjde £l mto _produce.an SO..wafer. T film

Uhi ckness of LRe/FF Bngror Faa20bRErhTeR b8 afSa PhEor 1P BRes Tered a

intra-pl anar?%%lgnhageia%e tﬁlgnwto Jd%&é‘%fté‘gcﬂVEE@?ElEi l;m t hi ckness

was 210nm wi evi ation of us, single crystal silicon film

had to be scipped;af fubwin@md @akb@aidL 8,200nmd hekn 8Qukayet. {\Wen a |um
square area and a 50pm square area of the surface were observed 20 through

an atom ¢ fong@eniewesCapantthdbZhb Rpidts] abr ngasurenBihg t he root nean
square of surface roughness (Rrns) was 10.Ilnmfor the | pmsquare areas and
9. 8nmI®r thpebfanmisquake 18r aas.thdheirdrite darfice in the outer
peripheral area of the article W.
Preferably, the flow rate 11 of gas passing
through the area obtained by subtracting the cross
sectional area of the semiconductor articles from the
20 cross sectional area of the furnace tube (outer
peripheral area of the furnace tube) is controlled to
30cc/min.cm? to 150cc/min.cm? and the flow rate 12 of
gas on and near the front surface of each article W
that is running in parallel with the front surface is
25 made practically equal to O.

With any of the above described embodiments of

etching apparatus, the furnace 1, the tray 31, the



concentration was neasured by neans of secondary ion 25 nmass Bﬁ jometry
(SIMS), it was found that the boron concentration in the S|h§ﬁ ysta
silicon filmwas 1.2x1018/cnB. - 51 - 26J UN 2002 The rear surface of
the SO wafer was prelimnarily cl¥ansed by hydrofluoric acid to renove the
natural oxide filmand the other substances that m ght be present on the
surface and then it was placed 5 in a horizontal heat treatnent furnace
conprising a cylindrical furnace tube nade of quarté. Gaseowds made to flow
froman end to the other of the furnace Hypf.mdﬂﬁ(ﬁ N of four specinens
were used and placed in the f@ﬂ@i@%%ﬁ%ctlvely in four different nodes of
10 arrangenent a Mbétsb% d scrlbed bel ow. Specinmen A: FIG 15A: An SO
waf er VVsBﬁPﬁBFlzontally pl aced in the furnace and a sid o waf er 3
carrying thereon a 200nm silicon oxide fij aced above and in
par al | el s@iltif%'he waf er V¥ &ﬁ@hsﬁaﬂ% é;L5 separatl ng the two wafers was
about | O Speci negeB* F S5B: An_SOL wafer Wwas horizontally placed in
the furnace and a bare siligon wafer § was pIacq%_ koyve and in parall el
with the wafer W-sTheadPstance separat gghdﬂma?ﬂﬁb waf ers was about | Om 20
Speci nen €ErefP 5C._An_SQngwed e Was pl aced nabetcburnace inclinedly
and a silicon emf:??%ﬁrylng t her eg 260ﬁﬁW§FP|con oxide film4 was
pl acesl opp %e to and | ParaEIéFeﬁn?n t he mafentyv Sgeditfen D FIG 15D
An SO wafer W was,vértFf ca ly 25 pl a?‘@cﬁd’ﬁ @€ FUrnace with the SO surface
facing the upstrean1and€g Iatﬂh% er 3 carrying thereon a 200nm silicon
oxide film pposite to.{be.SO - 52 26 JUNG%Q{)%G;Iurface of
the wafer t4 in such a bha@e?ﬁﬁ center of eg)gjwh ehé ers is | ocated
on the centgpybhneoBf t'he furnace I&heowa are arran rogen
perpendi cularly rel atiye it & er line. 5 @géséh@SM%$ were held and
supported by resﬁ@6i1u% quart z $%g§hén©le@ﬁ%uﬁ fer

ns trans
y me? 1aye¥r
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For each specinen, after replacing the atnosphere in the furnace by

hydr ogen, the tenperature was raised to 1,100C and held to that |evel for 4
hours before 10 the tenmperature was made to fall. Then, the atnnsptggm i@l
t he furnace was replaced by nitrogen and& he wafer specinen was ta g&

to observe the filmthickness of the single crystal silicon filmfor
another tinme. The reduction in the filmthickness on each of the 15

speci nens i s shown bel ow. The hydrogen gas flow rate was 5slm The film

t hi ckness was neasured at intra-planar |Onmlattice points and the obtained
val ues were aver a§8®sestusidd !heiyHtan 157 1 hieknbssShoeBEeEPRERIA: 10. 3nm
199. 8nm Speci nen B: | nm 208. 5ym Speci nen C:%é§3cgn1200.1nn188ecinen D

10. 4nm 199. 1AMt TR EFeOFERSE G the 195 Thi TRAesS BFSPRETSHF1Y52KEf er was

bout 10 il i de d for th ter-surface to obtai
the Spec {1 GHoTFPIh CHOBEIESS CXOFAHS Ghel“HHree ChhehBar "o PRPEDH ias -

53 2 6 JUN 2002 used Lol Lhe Gouneraaurf acerf agi g the gpeciipp B for the
pur pose of conﬁarlson, 7€ Gecr ease 11 e fiTminrckness was as snall as

| nm whi ch \t'\ﬁﬁef‘xa@i_ftﬁngql tdie Jy ended, Scfgﬁgtﬁéfgﬂséaé\é; gbcbh@ above heat

treat nent, e speci mens were observed through an atom c force m croscope
for surface LoUgBnRSS +tolMR RAIAIEIbRMAEL Sdrsusfagss 1adghaess (Rrns) of
each of the specinmens is shown bel ow. | um square area 50um square area 10
Speci nen A: Qnlde® @n3%90iSNeCiHBA R £.dBnrOudsnotSeectABA €heOgdnrn

0. 33nm Speci nen D: 0.13nm 0. 35nm The above data indicate that the specinens
were 15 snoosbedctarkhdd eeelpanfed.omrercially avail able silicon wafers
(0.13nm 0.31nn). After the above heat treatnent, the boron concentration
of the single cryBedbrsi [theoddndimmf Werlswffades specbeeheondad oleyer ved by
secondary ion 20 mass spectronetry (SIMS) to find that the boron

concemt® at i ohehaathrerededyc ddnas iladsiang Heres x4 d1s/ EaBst efphydeodem. t he
speci men could feasibly be used for manufacturing el ectronic devices.
Exanpl e 2 (epfYdRPal Nfay&9ery Mis &% &3Fcal 25 furnace/ vari ous boat s/ oxi de
filmrear surface); For .each specinen, the surface of a G6-inch _horqn-doped
Si wafer having a)rg’ﬁ&ti flinc(‘spt@ﬁp %{ anc(ed’b’?ecesis%ﬁyg Iﬂaﬁt\]ﬁ% j2-8‘62 t§X617s2ecm
and a (100) i ti C i { o] i t al_ni, 49% HF and
ethylalcoholgﬁ%gg gtgggtr2%%6%%¥g5§%9¥%g%?%§d@§£aggﬁﬁﬁgt%nggggrgf%)siIicon

| ayer on the,pghfkeSUnf 3c&emBlS Siild GUMNR E! V‘ﬁéuéﬂ??l ép@SﬁEhgr,_eactv&Q at

400C i n an oxygen atnosphere for 1 hour and subsequently di pped into a

| . 25% HF aqu@oesesehit iteknnQlqudld $aEONdsa i LB BOID¥Ert REMYOE NGt baRt0Xde film
formed on and near the surface of the porous silicon layer. The silicon

waf er was t hehewashed wetdicl@.w tdnenaitsertiandeekchetqudhefeakmerinighe silicon
wafer was placed in an epitaxial growh systemand heat-treated at 1, 100C

i n a hydr ogepantnofpitbee fiy saddintg olid dne gabnading oer¢tehihg \ade to shut

alnost all the pores on the surface of the porous silicon. 15 Then, a

si ngl e crystihesprhesnisi thendeatmrime oif t#RPPHRBLRIstPRcdNONG &idR/er age
t hi ckness of 310nnbnm hy add%%% silane as sjlicon source gas to the

hydr ogen gas?oﬁﬁéogiPPéoﬁhﬁa__ s Ptk ot The EAESEpPELLSHe growt h
systemand plaged {0200 d\2i00 20 L AGSSea TS enk g s 3URT 308 00 d e
si ngl € Cryst
When the latter technique is used, the unnecessary part
can be used as a first or second article once again
because it maintains the profile of a wafer after the
removal. The first article can be separated by
25 heat-treating the assembly, blowing fluid that may be

liquid or gas to a lateral side of the assembly or

mechanically peeling it off from the rest.



silicon filmwas oxidized to produce a 200nmthick silicon oxide film by
means of conbustion gas of oxygen and hydrogen. As a result of oxidation,
the single crystal silicon filmcanme to show a thickness of 210nm 25
Meanwhi | e, a second silicon wafer was suBj’ected to a thernal oxi dgtg duN 2002
process to forma 200nmthick silicon oxide filmon the entire surface

t hereof and each of - 55 Z 6 JUN 200Z the wafers was subjected to a wet
cl eansing operation that is popularly used in a silicon device process to

produce a clean surface. Then, the two silicon wafers were bonded together.
The silicon wafer A58efHryaseoRfathed Sy Hidi iy athed o @Y ¥ & Y&s pl aced

in a heat treatnent furnac ere it wa at-treated at 1, 100C for 1 hour
to enhance thEgﬁoﬁﬁfsﬁ&‘%g'?rZﬁ‘&ﬁ Sé‘?’sttﬁé?‘qeﬁt rel'ﬁTaeﬁ:el.S Wt%ﬁ%ré?%et}é? t he

at nosphere of the heat treat rent m%%j{aiseqlin alpixlurecgﬁisof nitrogen 10
and oxygen ani"PRERSPEFNaLEE by ScEROTET SPUFHY STV ni¥7B98n. The

tenperature was led to 1S1q%C f or %é%g%nﬁggtthen | owered.i,n _a_.nitrogen

. g .
at nosphere. en, "ThB FIr'st ~s¥ Fcon e Sl |%§ﬁ§%%ﬁ%¥ %%%enbly was

ground fgomthe. surf unt.il or jdi.con exposed.
Then, th% Si I$§3%8%Peg&agggﬂﬁ%ﬁ€ \%%s?rt?lt%%ggl i%%éﬁ%ur%?so: %‘?i%ﬁ’ of HF
and hydr ogen Qﬁrﬁ?b% beretioh eyt thle fareds sllalyé‘xorshomq@%ea&hgfhms then
subj ected to a wet cl eansing operation and cl eansed well. The single 20

crystal silicenrkbbs peoduetddbyueni t axenl, gramdutritdeasudraassesred onto
the second silicon wafer with the silicon oxide filmto produce an SO

waf er. For onehef ethBegpediliens, leferf iilsmsidcthees cofa thevdr apsf erred
single crystal silicon filmwas 25 nmeasured at intra-planar |Om |l attice
poi nts to findurliatet meugheesge offi Lmsishithlame <k Amas (20 rem Wit hsgualesi at i on
of 4.3nm Wen a | pmsquare area and a 50pm 2 6 JUN 2002 - 56 square
area ofl@he sareacdedwer dooltber vagothinggleffecht @fi cHeorakcimey oscope at
256x256 points of neasurenent, the root nean sguanga(anB) of surface

roughness was®RBT2f#PPRor Fﬁetbﬁnﬁ§&GéP§_éﬁbé§3 BRRBF PP EHBL588mM
Sacondary | orCRESLABBEer GBPaBHy TCaPVE ST s oL (TEHUTTA B on
o o kel gL OGS Y Thelrol! A0 A om0 MRS - 10
FIG. 11 is a flow chart for preparing an SOI
15 substrate typically by means of a SIMOX process.
Firstly in Step S11, an Si wafer is prepared as
starting material.
Then, in Step S12, oxygen ions are implanted
typically with a dosing rate of about 2x10%cm™? to
20 4x10®cm™?, using an acceleration voltage of between
100keV and 300kev.
Subsequently, in Step S13, the wafer implanted
with oxygen ions is heat-treated at temperature between
1,000°C and 1,400°C to produce a buried oxide film.
25 Then, in Step S14, the surface oxide film is

removed from the surface of the SOI layer, if such an

oxide film has been formed.



heat treatnment furnace conprising a furnace tube nmade of quartz and having
a configuration as shown in FIG 9 without renoving the silicon qfégﬁ zj5n1
on the rear surface. Gas was made to flow from above to bel ow in 4&JINJ0
furnace. The wafers 1 were arranged hori28ntally on a quartz boat 13 as
shown in FIG 9 in such a way that the silicon oxide rear surface of each
of the SO wafers faces the surface of the SO |ayer of the SO 20 wafer

| ocated directly below it and the oppositely disposed surfaces are
separated by a gap of 6mm_the center of each of the wafers agreeing with
the center |ine of TRpeSttfAgBecfubbe RO PoyGT wff 63 39y $REreon a

silicon oxide film4 was, arranged.on.top of 25 the waf ers, keeping the
Shove.pot nt e G LHARS | ShOubar AT aL T PRE 2SS prar SR T G

o8 a0 s mblet sl Felhs LyBRER DO AT o 2o TUY

2002 tenperafﬁW% in e ace waS‘'ral se an

or S hours Belone, hent FEbELaLyAS wasl QUi ke ol (hgsvalers and

observe the fi each speci nen. ecrease in 5

the film thi %‘é‘éaéfix‘? rﬁﬁ‘é@r@élﬁ heTng,V‘@Eersste‘eﬁ?sl%Qt Wl Lfed NAQ 1 0nm nm

in average to realiz specifie il mthi ckness of 200nm Then, the boat

f
13 supportingihfedelEr soVas éeeh%gdo ¥raieat mrde fnndC and a simlar
experiment 10 was conducted to fined that sonme of the wafers had been

etched by | Ouastrob&@nébaleatearamotrd bhe upped Portheoriser ofn@ goartz boat
but by only about Inmin a peripheral area supported by the boat to

consequent | y JawshticleavangathGniatiiohbe ehdtderg tdfd ectictaimdg hetdé surface
Thus, it was found that a boat made of SiOz is preferably used for the

pur pose of thurfaeatebnth@h8Alt heysirl sbowsox dairffidan aroudienesarosurf ace
of each of the wafers was renoved before the heat treatnment so that the SO
| ayer W& madeee® thee @-40ms{Rresn iBap JHFf SR aRes -ar@atedsin a

hydr ogen at nosphere as in_t he above experinent, the decrease in the film
thi ckness of tPRP b OPRyERTRER| A8 8noPHEr S8R TR ®8was 1nm at nost. In

hort, t chi fect | d duced .wh il fer- f
ised. 25 After ( ReShehEe PRV REE Sct RECSpEREHE (i P KSUGHT Vel € hr ough an

atom ¢ force Ii6f0S5QRELLL" aBYE £FEC aERUIRNESS ol Mhd Ay dTRAT LS AUBRE O

surface roughnéss
of preparing an SOI substrate by means of the cleave

15 process using hydrogen ion implantation will be
discussed in greater detail by referring to FIGS. 12A
through 12D.

In Step S21, at least the surface of an Si wafer
31 that is the first article is thermally oxidized to

20 produce a silicon oxide layer that becomes a buried
insulation film 22 and then hydrogen or rare gas ions
are implanted typically with a dosing rate of about
1x10*cm™? to 1x10cm™?, using an acceleration voltage of
between 10keV and 500keV. Ions may be implanted by

25 means of an ion implantater or, alternatively, from
hydrogen or rare gas plasma, by utilizing the potential

difference between the plasma and the wafer. As a



_ 58 26 JUN 2002 5 10 (Rrnms) of each of the specinens was Ollnmfor a

| um square area and 0.35nm for a 50um square area to indicate that the
speci nens had been snoothed to the | evel of commercially avail ablxh JUN DN
wafers. After the heat treatnent, the boB8n-concentration of the single
crystal silicon filmof each of the speci nens was observed by secondary ion
mass spectrography (SIMS) to find that the boron concentration had been
reduced to | ess than 5x1015/cnB to prove that the specinen could feasibly
be used for manufacturing el ectronic devices. Exanple 3 (epitaxial |ayer
transf er/ vert Feabltur Racebgliaicdent Aaypr Ber idadh $relF1G hel 4t f ace of
an 8-inch 15 20 25 boron-doped Si__wafer having a specific resistance of
0.017S2cm and a ( 180FPer i8nEEEPoR Afas B FFdRTH of rahen Tontafdrng 49%
HF and et hyl al.cohol m xed to a ratio of 2:1 to produce a | Opm thick_porous
silicon |ayer2ontPRE & &PesGPFREE. 3Fitd 'ﬁi%ﬁm#%&giﬁe%wﬁPénl He5t 98 r eat ed

at 400C in an_oxygen_ atnosphere for._1 hour .and supsequently dipped into a
1.25 HF aqueoﬁ%iéoFﬁyﬁgﬁnPoFﬁgoSggggﬁ sq¥bk§%g§¥gﬂ¥ﬁgjbé??‘? ?% g%ide film
fornmed on and t Surf f il | & pLicon
waf er waig theﬁggggﬁe gwe#ff \?‘u%?ﬁ%\?&g’? %%rggg% Zeé%é%e%%arfgt egt(lgl icon
waf er was pl aggfqabA @BoeRhEXiAlhIRPW R $HRMANG ealsd reat gdi gt 1, 100C
in a hydrogen atnosphere to shut alnost all the pores on the surface of the
porous 2 6 JdbhtdBR2withItnel ke@Rcellan the Siml€ivstadimizzces film
was fornmed on the porous silicon to an average thickness of 340nnmbnm by
addi ng di chl oppsidlaae afs asskndORy EUGCe 1¢&s) .t 0 t he hydrogen gas. The
silicon water was then 5 taken out of the epitaxial growh system and

pl aced i n an oxi di subgehuenadte., Thustephd2Syr ftdoe adsdnielwingl e crystal
silicon filmwas oxidized to produce a 200nmthick silicon oxide film by
means of0 conbaspavatgds iotookygepaarts Mldnggdme Aeparatinn biyeri dati on,
the 10 single crystal silicon filmcanme to show a thickness of 250nm This
waf er and a sEeBngeRaraitingr &PeepgeeMlly ditie i RaF & meflei®ansi ng

operation that_is pularly used in a silicon device process.to produce a
cl ean surface! li\’ﬂEE,g Phe9fwd SRV E’S’n SRRdES & & f?fd%rﬁdleds%%‘fye?ﬁereThe

silicon wafer_assepbly. ohtained.b i.ng t s pl in a
heat 11 eat nentoFer Ao uRaRey BIEp PatRert S L AP 188 1o
enhance the b g‘ttngssy GBEhANALA0NG LA 1RG£ NidyO9els a&é‘%f@ %2 was

u;eq for the he treatnment. Thén, the first silicon mafgr 6)
silicomyaf eraagsentl yavas 8104RdpbeaRdt R qafedidBL®) Untdh the porous

silicon becane exposed. Then, the silicon wafer assenbly was dipped into a
m xture sol utagesemblylF aBdvhwndr egen speri@onde ition G owuthd hgafer 21.
Alternatively, the two wafers may be heat-treated at
temperature higher than 500°C simultaneously with or
after the bonding step to allow fine bubbles generated
20 by hydrogen or rare gas ions to grow in the separation
layer so that consequently the wafer 31 may be
separated from the assembly, leaving the silicon f£ilm
23 on the wafer 21.
The wafer 31 separated from the assembly can be
25 used as a first or second article once again because it

maintains the profile of a wafer after the removal,

although its height is reduced by the thickness of the



25 porous silicon. The assenbly was then subjected to a wet cleansing
operation and cl eansed well. The single crystal silicon film produced b

epi taxi al grow h had - 60 2 6 JUN 2002 been transferred onto thd %éUJ‘i;NﬂE
silicon wafer with the silicon oxide filfPto produce an SO wafer. For each
of the specinens, the filmthickness of the transferred single crystal
silicon filmwas 5 neasured at intra-planar |Om |l attice points to find
that the average filmthickness was 242nmwith a deviation of 4nm Wen a
lum square area and a_50um square area of the surface were observed through
an atomi ¢ forTet i oktbpeddt 256x256 points of 10 measurenent, the root

Rr f f h 10..1 f he |
rean square ()L syrice (pustassiotes 1odamhor e Lun squerg arcas
db d i t h SI.NS it f d
reasured by A, of BSCndaL OB TESS, BREBLLOILEPIL (Bhed e found,
| A acnB . t i . I i fil th
b CL2CTS,, AT IS AN Ao, S owel et Mioge el g rlde ubp on the

respectigve qL;?{gguggp 45 PY Sy PRY %PBwicHt pracvenbicgal heat treatnent furnace
f

conprising a furnace tube nade quartz. Gas was nade to flow from above

to below in the fuymnace. tHdesdpdLsei¥RI etAkr aRAeEROKH 2Nt |3h&hs aa quart z
boat as shown in FIG 7 in such a way that the rear surface of each of 25

the trays suppaidh ngunafadd wiveh eindbeaedonbaces sklde byurefiaee mibrhes SO
| ayer of the SO wafer |located directly below it and the oppositely
di sposed sur f(dftese vRids JUN PEPefobé, aneStsepasatded ilty iz gapraigdédm the
center of each of the wafers agreeing with the center |line of the furnace
tube. A comerid-@dvisaii$hbleoritktda Gurérce wiad heedegedugated ray,
whi ch was then placed on top of the 5 SO wafers, keeping the above pointed
out gaplto sépdwatrogenteentaheirgpre@rringr etmoapherer &t &ligly out
an upper portion of the silicon film 23 including the
rough surface by means of a method according to the
invention in a manner as described above. As a result
of the etching process, the silicon film 23 shows a
15 smooth surface (FIG. 12D).
Since the wafer 21 carries a silicon oxide film 24
on the rear surface thereof in the example of FIGS. 12A
through 12D, the silicon oxide film may be left on the
rear surface of the SOI substrate after the end of Step
20 S23. Therefore, a number of such SOOI substrates can be
simultaneously subjected to an etching process in an
apparatus according to the invention as described above
and illustrated in FIG. 6 or 9.
The silicon oxide film 24 on the rear surface of
25 the wafer may be formed prior to the bonding step as

described above by referring to FIGS. 12A through 12D.

Alternatively, it may be formed after the separation



the atnosphere in the furnace by hydrogen, the tenperature in the furnace
was raised to 1,180C and held to that level for 1 hour before the
tenperature 10 was |owered to take out the wafers and observe the f?briUN200?
t hi ckness of the SO of each speci nen agaiin.- The decrease in the film

t hi ckness of each of the SO wafers was 41.5nmfor all the SO wafers to
realize a thickness of 200.5nmfor the SO |ayer. 15 Thus, although the
wafers did not carry a silicon oxide filmon the rear surface, the silicon
| ayer was etched as aresult of using a quartz tray for each specinmen to
provi de a couftep- & fadd ndorthehdapdt direaarerty horH Gt eF§Pt hehésBl ow. 20
After the heat treatnent, the specinens were observed through an atomc
force nicroscdfe PHRVSHEfad® ARuGHTEE'Einthe voRPhRSS- square of surface

h Rr f h of th ' ) Ol f 1
and 0, 35nm or & SOURSQUARE RPeR & FPTHIE ot & TREt TR PECPRERC Fad -

b thed, to the | |__of i all i 1 f Af t

been, smoot hed,o,Lie el o OB Al ycavallable shLisegs 1Bl et st e
i I tali.sili f.i | . i

s ol e covet st lean il Dk el ofcsde Ao aopecies, ahsek Gtk

concentrationqhad been reduced to less than 1x10'S/cn8 to prove that the
speci nmen coulé 5 feasibly be used for nmanufacturing el ectronic devices.

Exanmpl e 4 (separ at i@ yTeans stfe V31 Foin esChs Sherd n@rysthe surface of an
8-inch boron-doped Si Wa?’g;3 having a specific resistance of 0.017S2cm and a

(100) ori ent akubl té@dxeaBadiizepridpareld 0l ait £ Drs€ ont-ed dl @ ga@ % HEagad

et hyl al cohol mxed to a ratio of 2:1 to produce a | OQumthick porous silicon
| ayer on the watdngsua frceusTethmatnme & ursit Byrid@ porbesssi bncohel ayer
included a lumthick highly porous |ayer having a porosity of about 600 and
a Sum thPck 1priipwlipadorfaest @parfadneyitHipre@br osfeyows 2D$cdncheed on the
hi ghly porous | ayer, which |ayers were produced by varying the electric
current. The §Fﬁd@§ﬁ%’eraﬂﬁéézt% HentSt radherate 4001 nHAn oxygen

atnosphere for 1 hour and subsequently dipped into a 1.25% HF agqueous 20
solution for §8¥&dGMds £¥Sefo ”[CH@“Y\/]&@% MR WX YeSEPPHRT O+REd on and

near the surfa%e of ut he rous sirl i conitl ayer 4. Thet(as];I igonbgva{ce ohas t hen
washed wel | witH W& a g‘ﬁﬁ 5T St 12 rd L IHEEET | PR oRPRR e?
to 10nm are arranged with intervals of about 107! to
15 10nm. While the density of single crystal Si is
2.33g/cm®, that of porous Si is variable and can be made
to fall within a range between 2.1 and 0.6g/cm® by
regulating the concentration of the HF solution within
a range between 50 and 20% and also regulating the
20 current density and the rate at which alcohol is added
to the reaction system. The porosity of the porous
layer can be controlled by modulating the specific
resistance and the conductivity type of the portion of
the substrate to be made porous. An Si substrate
25 having the p-type conductivity will show a higher

porosity when it is a non-degenerate substrate (P°) than

when it is a degenerate substrate (P') under same



was placed in an epitaxial growh systemand 25 heat-treated at 1,100C in a
hydr ogen at nosphere by adding silane gas at a very small rate to shut

al nost all the pores on the surface of the porous silicon. - 63 28 JONJMIN
2002 Then, a single crystal silicon fitnt%as formed on the porous silicon
to an average thickness of 340nnbnm by addi ng dichlorosilane as silicon
source gas to the hydrogen gas. The silicon wafer was then taken out of 5
the epitaxial growth system and placed in an oxidizing furnace. Thus, the
surface of the single crystal silicon filmwas _oxidized to produce a 200nm

thick silicoRP@aidelng IFBY HERE BPCRYABuSPPoACHE of géh BRTF hydr ogen
As a result of oxjdation, the single 10 crystal sil.icon filmca to show a
t hi ckness ofdfiﬁﬁﬁﬁ7ﬁﬁéﬂmﬁflﬁ?a%.gé%oiatgﬁ¥i gnawgﬁgf%Wa§1§§%T§ﬂféﬁtto a

t hermal oxidation .process to. forma.200nmthick _sili id i t he
entire surfad&% HEILHF® a%’aalg% °of ?hggﬁg?}gr’s \l%é)s ng&?bﬂ%gc%f tepogfaé%/\gle&

cleansing opyAtLEN d5 LHLeL2eD0BULAHLY BRI A B ieofdav &P Process

to produce a ¢l ean surface. e two silicon wafers were bonded
togethek. Thegidd CLNBE £ @sseaDLY:RBt ahnag Ry RanRdicGiddiyd Wo waf ers was
placed in a heat treatnent furnace, whére it was heat-treated at 1, 100C 20
for 1 hour tganhanse dbe bondi Agmebrengt Beakibhe mei@idace. Tie at nosphere
of a m xture of nitrogen and oxygen was used for the heat treatnent. Then,
the silicon wieiuassepdl y3ganagepar at singllengaties kirghd ynyloriolsydayer
under the fluid wedge effect by applying a 25 high pressure water jet
stream a | at ertatustuee ofompei assegnbl yumbeex pds d ayleer sporicus diaffereThen, the

second silicon wafer was dipped into a mxture solution of HF - 64 2 6
JUN 2002 and goymtrsygeieper okhele ionst eheodimpilratesr dis ssidh corvay tth@s t hen
subjected to a wet cleansing operation and cleansed well. The single

cryst alOsi | i de¥T IpFadechien FRaAsf &Fr EANEAPES Md LIPS RFEIN waf er
mﬁth_the 5 silicon oxide filmto produce an SO wafer. Far eachi f t he
speci nens, t&?X??rﬁ??chﬁeBEOG?cgﬁebYraﬁ dPPEd G n P RS S t4t gl??con
filmwas formed in the pore walls located near the projection
range and consequently the porosity of the layer can be
raised. The ion implantation process may be conducted
15 before or after the step of forming the porous layer by
anodization or even after the step of forming a single
crystal semiconductor layer on the porous layer 33
(FIG. 13A).
Then, in Step S32, at least a non-porous single
20 crystal semiconductor layer 23 is formed on the porous
layer. Such a non-porous single crystal semiconductor
layer 23 may be a single crystal Si layer formed by
epitaxial growth, a layer formed by transforming a
surface layer of the porous layer 33 into a non-porous
25 layer or some other appropriate layer. If a silicon

oxide layer 22 is formed on the single crystal Si layer

23 by thermal oxidation, the interface of the single



nmeasured at intra-planar |Omlattice points to find that the average film
t hi ckness was 242nmwith a 10 deviation of 6nm Wen a | um square area and
a 50um square area of the surface were 22‘ erved through an atomc ?@z: 00
m croscope at 256x256 points of neasurenent, the root mean square ﬁrr@ (;f
surface roughness was 1 0.l nmfor the l1um square areas and 9.8nm 15 for the
50um square areas. Wien the boron concentration was neasured by neans of
secondary ion nass spectrography (SIMS), it was found that the boron
concentration_j I Cr- idi [ B Ve 5 ; 20
All the obtai ﬁggsggﬁ %ggkgn@%%?hgyeﬁ%rgﬁﬂlg pr es%%%e%%imtq#\gfg???con

oxi de fi|n‘OnatEﬁi%gﬂ?ﬁsﬁﬁkég%é@gjd@ﬂ%éﬂﬁfﬁgﬁﬁ6§§i§6¥féggus{é€@§nﬁnt

furnace conprising a rnace tube nade of quartz. Gas was nade to flow from

above to bel owoiRelihgyf WheaaR1 Tha asafiers @aoeresmy ranged horizontally on
a quartz boat as shown in FIG 9 in such a way that the rear surface of

each of the SO wafarstkpcessthansudrderigfal 13 cd ay@sn®ing 2 6 JUN 2002
- 65 the SO wafer located directly below it and the oppositely disposed
surfaces5are sepdnatedolfy thegaemdicoadlouttddmyulishteraentwerend sacd of the

waf ers agreeing with the center line of the furnace tube. A5 comrercially
avai |l abl e si | hoonpaabes sdngliengrysdiali on lexiate $h s hoedre foonedand rear
surfaces was arranged on top of the SO wafers, keeping the above pointed
out gap to sepér Bt‘-gdi inf pd@seheondgcsomw T dihe Aftart rapr &8¢%g t he
atnosphere in the furnace by hydrogen, ZO the tenperature in the furnace
was rai sed to(20R8pRIaSYTHELE )t Ot RartScoN FHSHHSAur2bef otk 1he

t enperature s lowered to take out _the ers and observe the film
bl Cknoss. of |CRELEPLE! tEaCHSSDER I S HACSH MaCr s o7 (FERRVE | m

thi ckness of gach qf 13 the 90, walsus s A3, 2nm. Thus Loe sLligon | aver

was etche I'n a desire ness Dy using a SilIc oxi de

count er - sur f ageoudhkel othe eale LoAERNL NS RRPCIRDS VELE. 20sehser ved

through an atomc torce m croscope for surface roughness. The root nean

square of surigeeskeHAANgsSLPaR) mify eRChPIsi NRusPEcd p@Nsawas O 11 nm for
a lum square area and 0.35nm for a 50um square area to indicate that the

speci nens hadsbhpetraeobbedihed s Forave) Ofsicorami chaddy avmml ahl e
silicon wafers. After the heat treatnent, the boron concentration of the
si ngl e cryst abnsBlii sghstirbmeof acddiyhdf tirisespiediimenssubstrate
15 typically made of quartz or a sapphire substrate,
although it is not limited thereto so long as the
surface to be bonded is sufficiently flat and smooth.
While the second substrate is bonded to the first
substrate with an insulation layer 22 interposed
20 therebetween according to the illustration, the
insulation layer 22 may not necessarily be used. For
bonding the two substrates, an insulator thin plate may
be sandwiched between the first and second substrates
to produce a three-layered structure.
25 Subsequently, the unnecessary portion on the rear

surface of the first substrate 31 and the porous layer

33 are removed to expose the non-porous single crystal



2 6 JUN 2002 - 66 was observed by secondary ion nmass spectrography (Sl M5)
to find that the boron concentration had been reduced to | ess than
1x1015/cnB to prove that the specinen could feasibly be used for 26 JUN 2002
manuf act uri ng el ectroni ¢ devices. 5 Exanpfe~5 (BESO /verti cal

furnace/ quartz boat): For each specinen, an 8-inch boron-doped Si wafer
havi ng a specific resistance of 0.007S2cm and a (100) orientation was

pl aced in an epitaxial growh systemand heat-treated at 1,100C in a

hydr ogen at mosphere. 10 After |owering the tenperature to 900C, a single
crystal silidiﬁ ?Y%?mgg'prgﬂﬁéﬁﬁ Po gﬁeaQQPXSe%ﬁ%QE% (£Qﬁ§%s of 300nnbnm
by using hydrogen gas, to whic ichlorgsilane S ded as_.silicon source
gas. The gli?éﬁ%?éh%ﬁsw%% ?ﬁ%ﬁ ?3 eﬁgégtsg?Bt ?agﬁ(%%&%ﬂ Hﬁ?grommh system
and pl aced i _oxjdi zi n us . urfac sl e crysta
Silicon filmigs %é#%?ée%%%rggﬁgggg Shoa T el o il Do © o by
means of compigtd One gas, PhuQXNEGNa2Rd - AKEE 0887 LBS i desul t of oxidation,
the single crystal silicon 20 filmcanme to show a thickness of 200nm
Meanwhi Ise, a secongligh | £8ons wager cuapnsylpected tra rasd Al rHxd dat i on
process to forma 200nmthick silicon oxide filmon the entire surface

t hereof and eachréefiotd® Medershwmaseanbpedbedot @xposrt tHegnstdgs oper ati on
that 25 is popularly used in a silicon device process to produce a clean
surface. Afteraweti3at{Sgep ®34Wucfaces of the wafers by means of an oxygen
pl asma process, the 2 6 JUN 2002 - 67 two silicon wafers were washed
with water and bortkereaffeeherth&@hporphiscénywaf 88 dsserdngrvesbted ned by
bonding the two wafers was placed in a heat treatnent furnace, where it was
heat - t r eat ed SHPIUPDL the NONSPABOHS FoNEARaREYSIRE FondiGR) staemth3at the
interface. A nitrogen atnosphere was used for the heat treatnent. Then, the
siIicoﬁowafeﬂgiﬁﬂwﬁﬁ@)mas scraped fromthe rear surface of the first

silicon wafer unti% t hi ckne first si%&con waf er was reduced to
about Sum 10 Subs %

f_th
PSS EEREPHE FyEPTGE (hFoRCRAS I RHed Dy di pping
he sili i |38 ni xtute soluti i
Eacied,SI n: f??c\%:l?%pglﬁ\?f%%?%g%gi d?glfﬁgg]s?’%gﬁgoszs%%{a%s?Jl?lrg)%éﬁ‘%?[];g been

transferred Qthddeasesonshsiibcommed efrdbhtbrt BRahStpkl el @d de filmto
produce an SO wafer. For each of the specinmens, the fil mthickness of the

transferred sdtHimd st gosdbhs coMnfibners tarasunaddt wHdd aa pl anar 1 Om
| attice points to find that the average fil mthickness was 190nmw th a 20
devi at L6n of n2lGnmraNeril at dormn souaadndngaaand easS0 inpdrpinecrateaaofdt he
surface were observed through an atomic force mcroscope at 256x256 points
of neasur ene@nd thwdragrn eeroxidar és( ReAE) of suyrffase ragighnessgens 2nm
for the lum square areas and 2.2nm 25 for the 50um square areas. All the

obt ai ned SO Mraf s aided checkle® PbFRERE FPésdAce df 1A’y | ¥R@on oxide film

on the rear surface 6 8 2 6 JUN_200
prevent bubbles from adﬁer%ng to the surface. Alcohol

such as ethyl alcohol may preferably be used as
20 surfactant. The selective etching process may be
omitted when the porous layer is very thin.

With the second technique, the substrates are
separated along the porous layer 33 that operates as
separation layer to produce a profile as shown in FIG.

25 13D for Step S34. The separation may be realized by
the use of external force. Methods that can be used

for the separation include among others application of



and put into a vertical heat treatnent furnace conprising a furnace tube
made of quartz. Gas was nade to flow from above to below in the fur

The wafers were arranged horizontally on a quartz boat as shown inzgegﬁ&ﬂmb
in such a way that the rear surface of "efich~of the SO wafers faces the
surface of the SO layer of the SO wafer |ocated directly below it and the
oppositely disposed surfaces are separated by a gap of about 6mm the
center of each of the wafers agreeing 10 with the center line of the
furnace tube @ si)\LgORYRLCL, EAT LY ggegs%%r@,cggn%fl@e RO the front
and rear surfaces was arrangeﬂ on top of the'SA wafers, keeping the above

pointed out gap Lp1AGPRORLE é;%ytsfﬁgnhgeeotfoa weligwef abp1AIdAL drERiaci ng the

at nosphere in 15 e furnace drogen, the tenperature in the furnace

was raised to;ill806n8Rd 6L tenthatel B¥ehek@r knBousebefrore the
tenperature was | owered to take out the wafers and observe the film

t hi ckness of tdenSOhuéfoeaghogpechieindganal phesdeseedse vhe tdtardud m 20
t hi ckness of each of the SOT wafers was 40.8nmin average to nake the SO

| ayer 149. 2nmsi bgkoxwhichnyastveny ekpsadiegt he desimgrhealpea-igfhek50Nm
After the heat treatnent, the specinens were observed through an atom c
force m croscope fee sfirpateafbngobghtessor Pheduocingnedersquarsescdssur f ace
roughness (Rrns) of each of the Specinens was 0.1lnm for a lum square area
and 0. 35nm f okn 2050pAf Seping bhearpvouszSd apN giegtiogg off difdatied t hat t he
speci nens had been snoothed to the | evel of commercially available silicon
waf ers. AfterJ®heSheaamt Peahndnt vathe BBLoRTcOASedfiati on of the single

crystal silicon filmof each_of the eci nens,_5 observed by secondary
i on nass spectrogr%bﬂ?e?%$ﬂéﬁytoaﬁiﬁagWHaﬂntﬁéGbgﬁéﬁ GFc ST DI had been

reduce§l$o Ieg,gethani ééflgéegg?tgaggovgstH%%téggn%ﬁgpgggaéugﬂé%gégwiny

act
be use or manufacturi ng oni evi ces. Cl eave process by

hyd i Bage] j Leal - t .’
B R R I I S R T
resistance Oftécgﬁgfahénﬁiséd(&QQV}eOEB§n§:@FniOQ'En‘Qa%h%XE§r% b5 3008 and

hydr ogen ions were inplanted into the wafer under t 15 conditions of
50KeV and 4x10164€BRindh€asi 1l §6npwalisedandractesand Sud ate waf er on which

a silicon oxide filmhad been fornmed were separately subjected to a wet

residual porous layer 33. If the residual porous

i5 silicon layer 33 left on the second substrate 21 is
very thin and uniform, this wet etching process using
hydrofluoric acid and hydrogen peroxide may be omitted.

Then, in Step 536, the assembly is subjected to

heat treatment in a hydrogen-containing reducing

20 atmosphere in order to etch out the undulated upper
portion 25 of the single crystal Si layer 23. At the
same time, this step gives rise to the effect of
reducing the boron concentration in the single crystal
silicon layer and smoothing the surface of the assembly

25 (FIG. 13F).

In a semiconductor substrate obtained by the above

described method of the invention, a flat, uniform and



cl eansing operation that is popularly used in a silicon device process to
produce a clean surface. Then, the 20 two silicon wafers were bonded

toget her. The silicon wafer assenbly obtained by bonding the two W& ¢liNs00fas
pl aced in a heat treatnent furnace, wier®® i1 was heat-treated at 400C for
10 hours in a heat treatnent furnace to enhance the bonding strength at the
25 interface. A nitrogen atnosphere was used for the heat treatnent. During
the heat treatnment, the silicon wafer assenbly was separated al ong the

d h 2 6 JUN 2002 - 70 | h i i .Of
der o3 SRR OB eso i do IRecppLschioneRe 0l
the second Sébk%ﬁ@e"‘%fferth‘@ L I %d%&@%‘af&"ﬁﬁ&%ﬂ‘ LR ?Eggli%%i%@) SO

€ Specl nens, t he Ifmthic

wafer. 5 For each of th ness of the transferred

i ngl e or ystaby skl boon fidvBaas: NBASUNA Al NESac RkENET 1 LOK Lalld ce

points to find't the average filmthickness was 280nmw th a deviation

of 1Onm Wieguan! ¥~ BesddrRiai&R afhac20tn d&n sagaaRtageaudhiyt R surface
wer e observed through an atom c force mcroscope at 256x256 poi nts of

neasur egent , ykBa Feet MBAT Al hd RIs)tednsdrdececesughaessreas 9. 4nm for
the lum square areas and 8.5nm for the 50um square areas. 15 All the

obt ai ned SO inalieazede P Ulsd b ted fiedr i €ath heghet eat ment furnace
conprising a furnace tube made of quartz with the silicon oxide film
carried on the reaheswdsacmaldf wachusspegyerenletGasomashaadertfack g f rom
above to below in the furnace as shown in 20 FIG 9. The wafers were
arranged hor sepnatratliypropfa thersepdmitedst EhownSinsEnglegcirysd@aéh a way
that the rear surface of each of the SO wafers faces the surface of the
SO | ayer of stRhetsetensglerls genaswedidntt the berBaret sHETERE dfpositel y

di spos surfaces. 25 gre separated by a p of out _6mm the center of
each ofOthe FAPEFESRgideitly W (PAGREREARLY TPHE 0 TRED uifadd Jue A
comerci al |y _avai Labl_e sili.cqn waf er - 11 6 JUN 2002 _carrying a
silicon oxi d%sgﬁ £ eaSterJTraS(;ce%v\;/asSlanrqlaeng%r %%afo%“%?%lfﬁges&ﬁ V\flji';lo%er s, keeping

the above poiphef.Qut gap 4,0 ep‘frsaéc%rjx& é&tﬁ%@@et% B9 palglg After

repl aci ng the atnosphére in t urnace by rogen, 5 the tenperature in
the furnace wagskausedito 1,180C

No silicon oxide is formed on the rear surface of
i5 the substrate 21 in the example of FIGS. 13A through
13F. However, when a number of substrates are to be
subjected simultaneously to an etching process
according to the invention, using the rear surface of
each S0I substrate as silicon oxide counter-surface, a
20 silicon oxide film has to be formed on the rear surface
of each substrate 21.
This requirement can easily be met by forming a
silicon oxide film on the rear surface of the substrate
21 after Step S35, using the silicon film 23 as mask or
25 before or after the bonding operation in Step S33.
FIG. 14 schematically shows the silicon surface of

an article before and after an etching process



and held to that level for 2 hours before the tenperature was |owered to
take out the wafers and observe the fil mthickness of the SO of each

speci men agai n. The decrease in the filmthickness of each of 10 the) SN 7002
waf ers was 80.3nmin average to make the430~ | ayer 199.6nmthick. After the
heat treatnent, the specinens were observed through an atom c force

m croscope for surface roughness. The root nean square of surface roughness
15 (Rrns) of each of the specinmens was 0.11lnm for a lum square area and

0.35nm for a 50gn1§guar area t,0 in L%Qte that the speci nens had been
smoot hed to t RESPEF %% VA Avai 1 abl e silicon wafers. After the

heat treatnent, thﬁnbgﬁep qucﬁﬂ}r1ﬂé¥%éi?téy%§§)§% 185C5¥S£ﬁé silicon
S

filmof each of thé speci'mens was observed by secondary ion mas

spect rogr aphy a(m%'ib.@)ac%%fufad éh@%é&ﬁn?ﬁfp@%cfé%@,e%ﬂé’%%% xm@dd%f?e%geduced

to |l ess than 5x1015 to prove that € speci nmen coul d feasi e used

for manufact upi pgogkealicRiidh BV IHIRS arda MRen 4he- SPeSi dBMIg: Ngr e observed
before and after the heat treatnent in the hydrogen atnosphere by neans of

radi al TEM tpeodieskqocati ons observed near the - 72 2 6 J U N 2002
surface of the SO |ayer before the heat treatnent were 5 not found after
the heat treatnent Wheh anay e ssaferd arass was tdiagerted dilstocglhi ans wer e
renoved with the portion of the SO |ayer that was renoved by the etching
process. Exanpltemic( SbiMO¥ wedriccaioauedca/aqudre 2bhdatng Foeceash theci nen,
oxygen ions were inplanted into 10 15 20
root mean square of surface roughness (Rrms) was about
0.2nm to 20nm.
10 As a result of an etching process according to the
invention, the rough surface was smoothed to show an
Rrms of as low as about 0.07nm to 0.15nm, which
corresponds to the surface roughness of a polished Si
wafer or a surface that is more smooth than it.
15 In FIG. 14, h denotes the peak to valley distance,
p denotes the gap between two adjacent peaks (or the
period of undulation) and t denotes the etching depth.
According to the invention, after the etching
process, the surface roughness is reduced to about one
20 third of that of the unetched surface. Thus, a highly
undulated silicon surface having a peak to valley
distance h as large as several nanometers to tens of
several nanometers and a gap between two adjacent peaks
p as large as several nanometers to hundreds of several
25 nanometers can be smoothed to show an h value not

greater than 2nm, preferably not greater than 0.4nm by

etching.



25 the polished surface of an 8-inch boron-doped Si wafer having a specific
resi stance of 10S2cm and a (100) orientation under the conditions of 550C,
180KeV and 4x101'/cnR. The silicon wafer was placed in a heat treat BNIUN 2002
furnace and heat-treated in a nmixture gag8of Ar+Oz at 1,350C for 20 hours
to produce a buried oxide film For each of the specinens, the film

t hi ckness of the single crystal silicon filmformed on the buried oxide
filmwas nmeasured at intra-planar |Omlattice points to find that the
average filmthickness was 200nmw th a deviation of | Onm Wen a | um

square area and a Bbtin FHRAFRIRY cBNBROPRBOBUMEYC ECWEHP &F tthrough an
atom c force mcroscope at 256x256 poi_nts ohﬁmeasurement_, t.he root an
square (Rr ns)recﬁr‘%‘?ﬂqég{ﬁ%“\; o‘&ﬁhﬁ%@ssalégaﬁ%ﬁ froPCENE S1 G B U3 and
2nm for the 50um square areas to prove that the surface roughness was

i ncreased by "‘flhtgl‘ oﬁ%ﬁge‘?{c? W?n’ﬁ?%ﬁ?ﬁ?i‘on. “Whed OPRE BéY ot Concelfit@ti on was

Toasured by TRANS ML SSLANIRLYL 0 MRASCEPERLLOBLARNY ar LR SUND). 1!

was found t hat % Ne BOF oh "CONcentTat T ons) gle'¢ ifcon film

was 5x1@1' CMi ft o ald, L AG-SPECLPENSna bl ahBE GRLRAI RGP wad.er é"’g‘éﬁ ﬁUt

into a 5 vertical "heat treatnent furnace conprising a furnace 2

2002 tube magg HedlUsFdgraM hdlythe skpbsen @xl d8ef isiiPreld Ixed O Jdecd ear
surface of each specinen. Gas was nade to flow from above to below in the

furnace. As shewpldhdt Gefrihdie vafehs veyetalr aaged .hormowtaceon a 10
gquartz boat as shown in FIG 9 in such a way that the rear surface of each
of the SO wafrevyy acessidie snrdaee H6 hhgh8O thayerthef sthefdsd waf er

| ocated directly below it and the oppositely disposed surfaces are

separ at ed by emeggagyy cfhabocel Bam ohhtheenlenasf beashints off thwe swEicis
agreeing with the center line of the furnace tube. A silicon wafer carrying
a siliédén oxiwvrmboivriaeefr ot anbdepatrsathngpds bresess agetiared op of
the SO wafers, keeping the above pointed out gap to separate it fromthe
top SO waferd? & thfregRRcFAyt28n{Re REABSPHREr 8 MR SPheTeyr ndc &y e

hyd , the t t Ln th ised to 1,180 d held t
Chat Pevel | {OPED LT S{ BPBCt HEC( EREER: HPE IR IVEVEt: (8.0 ake out the

f d e Cfilmethi i S f ' in.
e e aoc, ol A on | O L IEKIESSS B akfisPEE LgREeh SRR IRR PO 1
\Arrgl;g t he %Cll d %lﬁge %%g@ dhkgkte Akt BLatBgeRealb tuheat Mantardde speci mens

15 excited by thermal energy are mobilized to rearrange
the surface into a flat and smooth surface that has a
low surface energy. The lower the planar bearing index
of the single crystal surface, the more the planarizing
and smoothing effect of the present invention will be

20 promoted.

Example 1 (epitaxial layer transfer/horizontal
furnace/Si0O, counter-surface):

For each specimen, the surface of a 6-inch
boron-doped Si wafer having a specific resistance of

25 0.0150cm and a (100) orientation was anodized in a
solution containing 49% HF and ethylalcohol mixed to a

ratio of 2:1 to produce a 10um thick porous silicon



observed through an atomic force mcroscope for surface roughness. The root
nmean square of surface roughness (Rrns) of each of the specinens was 0.3nm
for a lumsquare area and |.5nmfor a 50yzm square area to 5 indicatezshmhzwz
t he speci nens had been snoothed to the | ével™ of comercially avail abl'e
silicon wafers. After the heat treatnent, the boron concentration of the
single crystal silicon filmof each of the speci nens was observed by
secondary ion nass spectrography (SIMS) 10 to find that the boron

concentrati Onégggrbsg\ln thedyced ! Qur8std Nammx 0L CIFB fOr o OY8s t BRLAt he

speci men could feasibly be used for nanufacturing electronic devices.
Exanpl e 8 (ephbaxliakehawar atr ansfi-er fyerdd GlydeH naaisptdtg £6ay): 15 For
each speci nen, the surface of an 8-inch boron-doped Si wafer having a

speci fic resigbancanal s0b@E§S2em1gNdipdet0Mn s iL£nt a5 PrHMBSq@dedszed in a
sol ution containing 49% HF and et hyl al cohol mxed to a ratio of 2:1 to

produce a | Ougbliitebnp@beuUSOSiskicomds?2@d aystovan dHwe weadertisi f @gede The
silicon wafer was then heat-treated at 400C i n an oxygen at nosphere for 1
hour ands subséquentbymdidpped andt mearl 12&$ sir e 9ot utdxousor 30
seconds to renove the very thin oxide filmfornmed on and near the surface
of the porouss2b5iephi denelrayefheTlsd ldidone st figdf erasvashaememsleethedehd| | with
wat er and dried. Thereafter, the silicon wafer was placed in an epitaxi al

growt h systenvVahl warer gnd drged.y {hegrr i@ - thantd ion, 1oberin a

hydr ogen at nosphere by adding silane gas at a . very small rate to shut
al most all th@gﬁoPé§cﬁﬂ ﬂﬁeaguﬁpéﬁ9&ﬁ¥iiﬂ¥ lEQ%ﬁQW(ﬂﬂg Then, a single

tal sili il f d . 5 ili t
hi ckness of BIBRRERRE Ry a8 f 000 OFodl Tad oEn i TRATFRt? chSgas to the
hydrogep, gas. sfmg ShhbERn Waf %ﬁme""%?arte@e%nt a#f}é" Qs e the apl gﬁék ggrowth
systemand placed ih an oxidiZzing furnace. Thus, the surface the single

crystal 10 sikigoaohi! mrpas 0% diszed of @ RfAdiice @& LA {1 Clasi | 1 con oxide
filmby neans of conbustion gas of "oxygen and hydrogen. As a result of

oxi dation, theoshBdl 8nCiKnat brollsl QN ifddrimteanm ta, achhekagssoef
220nm Meanwhi l e, a second silicon wafer was subjected to a 15 thernal
oxi dati on progesfmiBnhobin adA@Bamdikihdlorsidiilcore ad del fidon osotiheeentire
surface thereof and each of the wafers was subjected to a wet cl eansing
operation thagasstpopbkahlbdrogen ig@sa silhec i ldevdrcevgpfecessst bhenoduce a
clean surface. After activating the surfaces
15 taken out of the epitaxial growth system and placed in
an oxidizing furnace. Thus, the surface of the single
crystal silicon film was oxidized to produce a 200nm
thick silicon oxide film by means of combustion gas of
oxygen and hydrogen. As a result of oxidation, the
20 single crystal silicon film came to show a thickness of
210nm. Meanwhile, a second silicon wafer was prepared
and each of the wafers was subjected to a wet cleansing
operation that is popularly used in a silicon device
process to produce a clean surface. Then, the two
25 silicon wafers were bonded together. The silicon wafer

assembly obtained by bonding the two wafers was placed

in a heat treatment furnace, where it was heat-treated



20 by nitrogen plasma, the two silicon wafers were washed with water, dried
and bonded together. The silicon wafer assenbly obtained by bonding the two
waf ers was placed in a heat treatnent f ace, where it was heat-treated at
400C for 10 hours to enhance the 25 bonding strength at the interfddeJUN200
Then, the silicon wafer assenbly was scraped fromthe rear surface of the
first silicon wafer to expose the porous silicon. 2 6 JUN 2002 - 76

Then, the silicon wafer assenbly was dipped into a m xture solution of HF

and hydrogen peroxigle d et oh it tAS &%%eSthéceandhh V‘@%r@?}%’%hsum ect ed
to a wet cleansing operation and cl eansed well. The si ng?e 5 crystal

silicon filmiaqrheanddansderred mleoggéw §€608pn8LEI GAR Waker rWrth the
silicon oxide filmto produce an SO For each of the specinens, the

filmthicknespeohddie dransiais ed sheag) ecks ysiabtskliieennf Whewasrl0
nmeasured at intra-planar |Omlattice points to find that the average film

t hi ckness wazh22@imiwidrh wafieviadsaibdy waen g¥bendafirpm sheateaar ea and a
50pm square area of the surface were observed through an atonmic force

m cr oschpe atu2IFezs6rpointtthefpdfopeasit epent betaser esposedn sdhare ( Rrns)
of surface roughness was |10.Inmfor the | pmsquare areas and 9. 8nmfor the
50pm squar e &heasildmem Mrforarsauntefzat d6PPadsintasar 8d=syreeans of
secondary ion nass spectr Pgraphy (SIMS), it was_found that the boron 20
concent rat i ofORM R QhdiT A TR RPFPFIARWES 2ECh Quitotdens . Al
the obtained SO wafers were placed on respectlve uar z trays and put into

a vertical hBEMSeFA MR ur Nt THHPPRPLY P8 FU?ﬁaEB geh&eHade & 25

t Ga to fl f b t 0. bel f .. TIh f
wer e ar r angeloNoP ZARANG SHETH QAR (9 Bok AR Urddin | AP &1 such o

way th 0 r f porting
an SO I?léwaf er cfﬁés'rztggn Sggclgcsqfhqurﬁr% l%l‘%&?lﬁz %%ggtjgg 8%0?%% %é% waf er

| ocated diregblky, helowddrand b 0@5@%&@&%%51@95@9 FHELACGS +H & he
separated by a gap of about 6mm 5 the center of each of the wafers

agreei ng wtBitheszeaad inamftd herdaidacent gbe. wArsicl.i con waf er was
arranged on a tray, which was then placed on top of the SO wafers, keeping
t he above poi nt ed That fgdm tthisgpassd eof tthe otrdhefénpe80singfler. After
replacing 10 the atnosphere in the furnace by hydrogen, the tenperature in
t he furnace waysitailsed ticon GO0 arreks hetaswredhat fLeteR-Pédernes AOmms before

the tenperature was |lowered to take out the wafers and observe the film
1 lattice points to find that the average film thickness

was 210nm with a deviation of +5nm. Thus, the single
crystal silicon film had to be scraped off by 10nm to
obtain a 200nm thick S0OI layer. When a lum square area
and a 50um square area of the surface were observed

20 through an atomic force microscope at 256x256 points of
measurement, the root mean square of surface roughness
(Rrms) was 10.1lnm for the lum sguare areas and 9.8nm
for the 50um square areas. When the boron
concentration was measured by means of secondary ion

25 mass spectrometry (SIMS), it was found that the boron
concentration in the single crystal silicon film was

1.2x10%/cm®.



t hi ckness of the SO of each specinen again. The 15 decrease in the film

t hi ckness of each of the SO wafers was | Onm After the heat treatnent, the
speci nens were observed through an atomic force mcroscope for Surfg%quZMZ
roughness. The root mean square of surfacé roughness 20 (Rrns) of each of
the specinens was 0.1lnmfor a |lum square area and 0.50nm for a 50um square
area to indicate that the speci nens had been snoothed to the | evel of
commercially available silicon wafers. After the heat treatnent, the boron
concentration of tES 25 single._cr st%l %ili%ﬂp filmaof each of the

speci mens was obsef98d¥ 6y sERERATFY o Fass s et odiihhy (SIMS) to find

(hat Lhe borope SOUGERLLAL! o0, DAHBRCD, SNSRIy, 0nsl8 oo GIUILAIRR Lo Tess

t han 1x1015/c rove e spe e used Tor

manuf actur i ngegleghianls dvhees: 1Fxaudl erd (ANdALAldAEe that

transfer/horizontal furnace/ S 02 counter-surface): 5 For each specinen, the

surface of a fsjRehpR0LeRsAARCENSknRALSE RRAW NG A GRECIHH G deshBiange of
0.015S2cm and a~(100) orientation was anodi zed in a solution containing 49%

HF and eg hyl al g0ROho# %8€the Achatl t@edftmént tfuri=edIcondpd{dNAg h ck porous
silicon 10 | ayer on the wafer surface. The silicon wafer was then

heat -t r eat ed @f1408€italafuexygen tabedmplder e f euak-twur Gl wadbseadent | y
di pped into a 1.25% HF aqueous solution for 30 seconds to renobve the very
thin oxide fitem fbowedrom andendaltot frbesorthage off thee fHormoarse 1Gulse! i con

| ayer. The silicon wafer was then washed well with water and dri ed.
Thereafter, thetetdlcofi faber spasipeaseyere arseshiangkirlagpdwih tyst em and
heat-treated at 1,100C in a hydrogen atnosphere to shut_al nost all the
pores on the SY¥Pace BESPREtHYPOYsIP0foVR ddffensdt mPdgsigPle crystal
silicon filmwas formed on the_porous, silicon to_an average thickness of
300nnBn? by a6 AR9BTERIoPES A ebﬁsdgﬁFFE%ﬁ“% ‘gas to the hydrogen

and placed | F38elReE i Biko faPancer TRIsrARe S AR e
Cr%/rs].t al S! ! I C;?fa(f:ééinlwa%{lgx'ggkﬁgget Anf’ %dgggi%o%OQJH?er 23 6ca]r1l{/1\}1&002 79
_ ick silicon oxide filmby neans of conbustion gas of
thereon a 200nm silicon oxide film 4 was placed above
and in parallel with the wafer W. The distance
15 separating the two wafers was about 10mm.
Specimen B: FIG. 15B: An SOI wafer W was horizontally
placed in the furnace and a bare silicon wafer 84 was
placed above and in parallel with the wafer W. The
distance separating the two wafers was about 10mm.
20 Specimen C: FIG. 15C: An SOI wafer W was placed in the
furnace inclinedly and a silicon wafer 3 carrying
thereon a 200nm silicon oxide film 4 was placed
opposite to and in parallel with the wafer W.
Specimen D: FIG. 15D: An SOI wafer W was vertically
25 placed in the furnace with the S0I surface facing the

upstream and a silicon wafer 3 carrying thereon a 200nm

silicon oxide film 4 was placed opposite to the SOOI



oxygen and hydrogen. As a result of oxidation, the single crystal silicon
filmcanme to show a thickness of 210nm Then, this silicon wafer and a
second silicon 5 wafer was separately sqﬂ ected to a wet cleansing 7§ JUNZUUZ
operation that is popularly used in a sil9con device process to produce a

cl ean surface. The two silicon wafers were then bonded together. The
silicon wafer assenbly obtained by bonding the two wafers was placed 10 in
a heat treatnent furnace, where it was heat-treated at 1,100C for 1 hour to

enhance t he bon%én%e frecneatmr?g%netlt tﬁ llrptser,%e Sl‘r]a%trcgg%ntwgscg%% fo\rNatshe

at nosphere of 't Hen on waf eér "asse

scraped TTOMLLRG Foar LG Ofud Nedieal I shil SoRcual ot Eocoxhase the

porous silicon icon assenb Into a mxture
sol ution of %Eraa@ehmnaom REJQE A& L0 @}f&g&a %Q?p@ﬁﬁ@éﬁl%‘rlﬂiﬁ It was
then subjected to a wet cleansing operation and cl eansed wel he 5| ngl e
20 crystal sikbheenvhl Wy ke kesidy ansierred onto the second silicon wafer
with the silicon oxide filmto produce an SO wafer. For each of the

speci mess, the fihmit ihekneseef Wdie thansfand eduspogtedcbystal silicon
filmwas 25 neasured at intra-planar |Omlattice points to find that the
aver age fil nrebpekndsse wasrAOnmos t(hat devowb ) on of +5nm  Since the
designed fil mthickness 2 6 ~uN 2002 - sO was 150nm the single crystal
silicon filmhad Forbeachrmrstiners0rmi temerenl fomgqbheeadmespriiedea
50~..~m square area of the surface were observed through an atom c force
m croscope afn25bR25AIHGaf PYoMEILAGENr chamt tePRerpbvtenvar ¥§d&se (Rrs)
of surface roughness was | 0.lnmfor the um square areas and 9.8nm for the

50um square &Peds? @h@nat“l‘f]el’t?olrdor?:%o*?%?ltlr%‘f‘?%nf%#r@‘é&ﬁ?e&eﬁ?rﬁeans of

d t (%S d t the b 10
concenty at 8ﬁhgﬁ53w§p§f E SR Rd i i f T nTOES 16h' PUTGRBRRFE Each
of the SO e"‘@s aceqﬂa{sn raetﬂlbééé&)gée?o?fgé 9%£e§%as@kef”r

conprising a cyI PRdi c Furnace was rra(?e to fl ow

froman end éée&?m&l&ew%té"%rak@n AR 8 r@&@e%x‘r‘@ethghf-‘lﬁg HRERLS MBI P! a?:ed

in the furnace respectively in tw different nodes of arrangenent as wl

be descri bedthel WngIpeeir@iradl AN i¥dn Waf B ¥65 Shaerdri RikBe fumneace with
the single crystal silicon filmfacing the 20 upstream of the gas flow in

t he furnace aaduetsbhn den vhaf efiloarthyidihass tde éaontosuthace t hereof a
133.3nm silicon oxide fil mwas placed vis-a-vis the SO wafer in such a way
t hat the censpecdomeasch sofshown weflavs. wdBheal hydedgent stashélowntrertd i ne of

the furnace and the 25 wafers are arranged perpendicularly relative to the
center |ine.was 5slm. The film thickness was measured at

intra-planar 10mm lattice points and the obtained

values were averaged.

etched height film thickness
20 Specimen A: 10.3nm 199. 8nm
Specimen B: Inm 208.5mm
Specimen C: 10.0nm 200.1nm
Specimen D: 10.4nm 199.1nm

The decrease in the film thickness of the SOOI
25 wafer was about 10nm when silicon oxide was used for
the counter-surface to obtain the specified film

thickness. On the other hand, when bare silicon was



Specinmen F: An SO wafer was placed in the furnace - 81 - 2 6 JUN 2002
with the single crystal silicon filmfacing the upstreamof the gas flowin
the furnace and a silicon wafer carrying on the front surface therzeg)Jumg
200nm si licon oxide fil mwas placed vis-a3virs the SO wafer 5 in suc vv%l
that the center of each of the wafers was aligned with the center I|ne of
the furnace and the wafers are arranged perpendicularly relative to the
center line. All the wafers were held and supported by 10 respective quartz

jigs. For each specinen, after replacing the atnosphere a.n the furnace by
hydrogen, t heutefipépat tibe \ﬁ@§nft§F§§éFrtf6‘GP f@@é%dﬁ%@%ﬂlﬂ%t&%%l for 2

hours before t ete erature was Then, the no ere 15 in
the furnace V\EE rBB EE8 BY ﬁf’f“rp&&éﬁoé"nd ed\ﬁéffr@a nfghevég Paken out
t o observe thg Lmthl ckness %fm tlt_JLeaS| 1-%’ Sj Ifacon fil rqbf or

anot her tine. “Th&*86%95%F&dct POR i tshe i I R clzvness on S5 t he

specinens is I ragen gasflowrate was 5slm The film
t hi ckness vvas%rqrggggfggd thIngr Qgfc}faa%s | Onm | attice points and the obtai ned

val ues were aver agﬂ@te:?p%ﬁbméﬁoge phghed Aaelaln S0 Hun ééﬂr&é}kékﬁ@f«%e film

150. 3nm Speci men F: 80. 1nm 130. 1nm After the above heat treatnment
t hi ckness observed through an atomic force microscope for surface

roughness. The root mean square of surface roughness

(Rrms) of each of the specimens is shown below.

luym square area 50um square area
10 Specimen A: 0.11lnm 0.35nm
Specimen B: 0.13nm 0.36nm
Specimen C: 0.11nm 0.33nm
Specimen D: 0.13nm 0.35nm

The above data indicate that the specimens were
15 smoothed to the level of commercially available silicon
wafers (0.13nm, 0.31nm).

After the above heat treatment, the boron
concentration of the single crystal silicon film of
each of the specimens was observed by secondary ion

20 mass spectrometry (SIMS) to find that the boron
concentration had been reduced to less than 5x10%%/cm?
to prove that the specimen could feasibly be used for
manufacturing electronic devices.

Example 2 (epitaxial layer transfer/vertical

25 furnace/various boats/oxide film rear surface):

For each specimen, the surface of a 6-inch

boron-doped Si wafer having a specific resistance of



of the silicon oxide |ocated vis-a-vis the SO filmwas - 82 2 GJUN
2002 neasured to find that all the silicon oxide of Specinmen E had been

|l ost. On the other hand, the silicon oxide of Specinmen E was foun&

remai ning only by 23nm In short, the SOP4 ayer of Specinen E wer QQUNQWZ
until 5 all the silicon oxide filmare gone and the operation of etching
the SO |ayer did not proceed since. Thus, the volunme of silicon to be
etched could be controlled by controlling the thickness of the silicon

oxide layer. 10 A_filmof a i conductqr material other than Si can be
formed on t hePsBAYSER PR 2ﬁgb | €141 'Q§&?Qnyﬁfrﬁﬂ?éi?%@cﬂ?d?ng to the

invention by neans.of heterqg-epitagxy. -8 TS IMED 1S: 2 6 JUN
2002 1. A netﬁ8gu?6?neF€Hiﬁdn§%§e é@oﬁﬁhcqg?%ﬁ %(ﬁ%??é%ﬁﬁ%ﬁ%ﬁ F%%a?

surface Co”prkgit;ﬂ% Slel bGN oS Aaurihad 4 Fﬁl?ﬂd?g&ﬂ%ﬁ}g& soili‘&ﬁﬁ'”ea“ ng

S
said silicon surface 5 in a hydrogen-containing re at nosphere, with

keepi ng said ﬁg%goansgﬁeasv%fieg australe di spesed 1RRASILrd L FasSUELESE

conprising silicton oxide wwth a predeterm ned di stance separating them 10

2. A method fr.gtehbdged 88M1GOREUGEOAIdH ] AGRISintrd or&tai m 1,
wherein said sem conductor article is an SO substrate having a single

crystal silicgsuli by LdpieqbefRiod ipPecetichidia a smd condugiasuarticle
according to claiml or 2, wherein said silicon surface has a root nean

squar e of sur§ateathiongfoes300keaohdsrald afentidian thenrrn ehiy-~oxsaear e
area. 20 4. A method for etching a sem conductor article according to claim
1 or 2, wherefmnlmaifdrsied oonasdr heece ithearsumpse ichethswdnees 5. A net hod

for etching a sem conductor article 25 according to claim1l or 2, wherein
said silicon sitiger Rayex-sufhgceiddegmessien tauthen evashed poebls

10 with water and dried. Thereafter, the silicon wafer
was placed in an epitaxial growth system and
heat-treated at 1,100°C in a hydrogen atmosphere by
adding silane gas at a very small rate to shut almost
all the pores on the surface of the porous silicon.

15 Then, a single crystal silicon film was formed on the
porous silicon to an average thickness of 310nm+5nm by
adding silane as silicon source gas to the hydrogen
gas. The silicon wafer was then taken out of the
epitaxial growth system and placed in an oxidizing

20 furnace. Thus, the surface of the single crystal
silicon film was oxidized to produce a 200nm thick
silicon oxide film by means of combustion gas of oxygen
and hydrogen. As a result of oxidation, the single
crystal silicon film came to show a thickness of 210nm.

25 Meanwhile, a second silicon wafer was subjected to a
thermal oxidation process to form a 200nm thick silicon

oxide film on the entire surface thereof and each of



silicon |ayer. - 84 2 6 JUN 2002 6. A nethod for etching a sem conduct or
article according to claim1 or 2, wherein said silicon surface has a
surface roughness attributable to mcro-cavities. 5 7. A nmethod farg guNiiihg
a semi conductor article according to craP® 2, wherein said SO substrate
having a single crystal silicon filmis obtained by bonding a first silicon
article containing said single crystal silicon filmand a separation |ayer
for predefining a 10 separating position to a second article and then
separating the bonded assenbly at the separation Layer predefining the
separating poshei vafegsayaso spPigstes I8 ¢ HSgILFVENE RETLBHORI I m ont o
said second article. 15 8. A_nethod for et%ghp a senj conductor article
according to &Parmi®, PRREAETHYs 4§ dpacaty ééﬁwégY%F%iWEBQﬁS?nB?anted

with inert gas or hydrogen ions. 20 9. met hod far etching a sepiconductor
article accor Hirﬂ&uf% & g’ﬁﬁaﬂ SRHéFE s'é%\ihcﬂanSeptg}eatE‘%on lt';]tiyle(?mi1 sw%%%?ous

Layer. 10 A MBLBOHoHAECLENA S SEPEOMMAIA, AdL] Gieeprding o

claim 2, wherern sail rate has a buried oxi ayer obtai ned by

i npl ant i %g OXXEXBiBQBSS&nE%n%Q%gh%% ttrv\f%?-tv\}emblas Shad C[S)lrbd@rﬁ en a Re8t_ 2 6

J U N 2002 11. nmet hod”“for etching a sem conductor article according to

claim1, whereigathent! PWrhdlce ofr@de HUIRIAY med- arshida pacal | ebowct h
said silicon surface is made | ower than the flow rate of gas running 5

per pendi cul ar ey, r @l ablave tiod i@ neid Hinde ddira sty faeeftit het pewépheral area
of the sem conductor article in said etching step.

interface. The temperature of the atmosphere of the
heat treatment was raised in a mixture gas of nitrogen

10 and oxygen and then replaced by combustion gas of
oxygen and nitrogen. The temperature was held to
1,100°C for 1 hour and then lowered in a nitrogen
atmosphere. Then, the first silicon wafer of the
silicon wafer assembly was ground from the rear surface

15 until the porous silicon became exposed. Then, the
silicon wafer assembly was dipped into a mixture
solution of HF and hydrogen peroxide to etch out the
porous silicon. The assembly was then subjected to a
wet cleansing operation and cleansed well. The single

20 crystal silicon film produced by epitaxial growth had
been transferred onto the second silicon wafer with the
silicon oxide film to produce an SOI wafer.

For one of the specimens, the film thickness of

the transferred single crystal silicon film was

25 measured at intra-planar 10mm lattice points to find

that the average film thickness was 210nm with a

deviation of +4.3nm. When a lpm square area and a 50pm



12. A method for etching a sem conductor article 10 according to claim 11,
wherein the flow rate of gas running near and in parallel with said silicon
surface is made practically equal to 0. 13. A nmethod for etching 226 JUN 2002
sem conductor article 15 according to cl &fn-1, wherein a silicon wafer
having a silicon oxide filmon its surface is arranged opposite to the
silicon surface of said sem conductor article and said sem conduct or
article is heat-treated until the silicon oxide filmis etched out to
expose the 20 underlying silicon. 14, A nethod for etching a sem conductor
article accor fiRG%% AU R, thheTWi TRGE (el e bYe iFPgBHQBX?Be is

arranged opposite to the siljicon surface %ff» 2563 iai d, sem cgnductor article.
15. A et hod POCECHHSS SEmBHRRtDr 48fer® POinkg 9o 6 juN 2002

according to claiml1 erei,n sai d hydrogen-containing reduci at nosphere
cont ai ns hydr @&@ﬁuﬁf"ﬁ\%\/&b orh%yrdjr%ge"yneaann% i nert gas. © ?L'é??%\cﬁet hod for

etehing & Semconiiciar s 10 .46 G 06 L6 alade MbeLel Bagabdonn

hydr ogen- cont ai ni'ng reduci ng atnosphere a dew pornt no i gher 't han

-92C. 10517. Agrethed din Ui g A S8 Calict Ohe abb16he according to
claim1l1, wherein said sem conductor article Is supported by a nmenber

contai ni ng si bigg@rdAs 3 WRATedutd® HHMaEes a5 PE&B6hRALYI RERhedi ent .
15 18. A nethod for etching a sem conductor article according to claim1,

wherei n sai d mesisC @pdidciraigrargHye! (€S 1Ms B riangesks Sbowsd t hatkeh&abdrshl i con
surface di sposed perpendicularly relative to the principal flow of
hydr ogen- cont aiomiceg tgeest dlom a rec ariteaisiigrg 12 cri¥stal net hbdohofigmchesg a
sem conductor article
1.2x10%cm?.
10 The obtained S0OI wafers were placed in a vertical
heat treatment furnace comprising a furnace tube made
of quartz and having a configuration as shown in FIG. 9
without removing the silicon oxide film on the rear
surface. Gas was made to flow from above to below in
15 the furnace.

The wafers 1 were arranged horizontally on a
guartz boat 13 as shown in FIG. 9 in such a way that
the silicon oxide rear surface of each of the SOOI
wafers faces the surface of the SOOI layer of the SOI

20 wafer located directly below it and the oppositely
disposed surfaces are separated by a gap of 6mm, the
center of each of the wafers agreeing with the center
line of the furnace tube. A silicon wafer 3 carrying
thereon a silicon oxide film 4 was arranged on top of

25 the SOI wafers, keeping the above pointed out gap to

separate it from the top SOOI wafer. After replacing

the atmosphere in the furnace by hydrogen, the



according to claim1l1, wherein a plurality of sem conductor articles, each
having said silicon surface, are arranged coaxially in parallel wth each
25 other at predetermned regular intervals and heat-treated in a
container, with causing a hydrogen- contaﬁﬁlng gas to flow around t2fe JUN 2003
J UN 2002 sem conductor articles so as to nake the flow rate of gas
running near and in parallel wth said surface practically equal to 0. 5
20. A method for etching a seniconductor article according to claim1,

wherein a quarfﬁpﬁ %% E?l r%%ng%g ?%£%§| e &%l%%§€1%% %treé?rfqge with a

hydr ogen- cont i Nterpose ot ebet ween ing said

senlconductorhgihlc th%Q %%veﬁ gg&h%g Hodfr £1 d%é &geartlcle
C

according to wher éi n sai S|I|con ox1 de sur ace is a rear surface

of anot her Semagoa@!u,c&% %t ke oS cweewa@&rsfaa% Ppafdefhe fi1m

sem conductor 15 article being arranged opposite to said silicon surftace.

22. A nethod tgh cfhebkng ra tH@MseaNeuCleRicraldddd e .COMHdRd Or&d gé M o,
wherein said article is arranged 20 in a contai ner having an inner wall

surface sonpriBengishl ikberkaxisdeor2dach et ok fooT eftdg waseameonduct or
article according to claiml1, wherein a plurality of 25 sem conduct or
articles are guppaetredhby aOawmppomt ime@myer ey itng r@easiurfacehaeonpri si ng
silicon oxide so as to be arranged in parallel with each other in a
cont ai ner havengcafiiedAnén lwalthisknksse ofl £O0anpri si ng

Then, the boat 13 supporting the wafers was

replaced by a boat made of SiC and a similar experiment

10 was conducted to fined that some of the wafers had been
etched by 10nm at a central area as in the case of the
use of a quartz boat but by only about 1nm in a
peripheral area supported by the boat to consequently
produce variations in the etching effect on the

15 surface. Thus, it was found that a boat made of SiO, is
preferably used for the purpose of the invention.

When the silicon oxide film on the rear surface of
each of the wafers was removed before the heat
treatment so that the S0I layer was made to face a

20 silicon rear surface and heat-treated in a hydrogen
atmosphere as in the above experiment, the decrease in
the film thickness of the SOI layer facing another SOI
wafer was 1lnm at most. In short, no etching effect
could produced when a silicon counter-surface was used.

25 After the heat treatment, the specimens were
observed through an atomic force microscope for surface

roughness. The root mean square of surface roughness



88 26 J UN 2002 silicon oxide. 24. A nethod for etching a

sem conductor article according to claim1l1, wherein said silicon surface is
5 renmoved by about 10nmto 200nm by etchin 25. A method for etchi N 2007
sem conductor article according to claim wherel n the rate of etc ZU
said silicon surface is between |.OxI O-3nninmin. and 10 |.Onndf min. 26. A

nmet hod for etching a sem conductor article according to any of clainms 1 and
23 through 25, wherein the root nean square of surface roughness of said 15

silicon surfagor %)rr%(}e hb%fnocthegr or ar%’a 0 461rr“ ?n}ﬂsg gre area.

27. A net hod etchl ng a sem condu e accor o any of clains

1 and 23 thro%ggagg a %I’%I heasﬁLt it%oll Ibééoge!%&ﬁ pgvxgr Pbckness not

snmal | er than ti mes of t e sald SI i con surface.

28. A method faph;e6eR 97 S818 %EHJH&{S afdd %&@%MQ&ngot@h@ny of
claims 1, 19 and 23, wherein a plurality of sem conductor articles, each

havi ng sai d Sikiven cFUARRT Al 137 rARdachsaxi Al | ¥oh Ne@eEakl el after89 _ 2
6 JUN 2002 with each other at predeterm ned regular intervals to face a

same di recti oghantea tdwiss thidsd,r alle Worsomm Ussizenet €1 SbsEr ahe having a
silicon oxide filmon the surface is arranged forenost to face the silicon
5 surface of thegleadinygteamscdndieet ofilar toleacR%f Actinet spdcinenst ching a
sem conductor article according to any of clainms 2 and 23 through 25,
wher ei n sai d ¥esgbbserysdalbysiddasorddny mayi nags sspéconoguaphre ( BOMSS an
SO layer forned by epitaxial growh.
to find that the boron concentration had been reduced
to less than 5x10*®/cm® to prove that the specimen could
10 feasibly be used for manufacturing electronic devices.
Example 3 (epitaxial layer transfer/vertical
furnace/quartz tray):
For each specimen, the surface of an 8-inch
boron-doped Si wafer having a specific resistance of
15 0.0170cm and a (100) orientation was anodized in a
solution containing 49% HF and ethylalcohol mixed to a
ratio of 2:1 to produce a 10pm thick porous silicon
layer on the wafer surface. The silicon wafer was then
heat~treated at 400°C in an oxygen atmosphere for 1
20 hour and subsequently dipped into a 1.25% HF aqueous
solution for 30 seconds to remove the very thin oxide
film formed on and near the surface of the porous
silicon layer. The silicon wafer was then washed well
with water énd dried. Thereafter, the silicon wafer
25 was placed in an epitaxial growth system and

heat-treated at 1,100°C in a hydrogen atmosphere to

shut almost all the pores on the surface of the porous



30. A nethod for etching a sem conductor article according to any of clains
2 and 23 through 25, wherein said single crystal silicon filmof the
silicon surface 15 has a filmthickness between 50nm and 500nm befzqirm@&n
etching process. 31. A nethod for etching% sem conductor article“ac g
to claim1, wherein a counter-surface 20 constituting nenber conprising a
silicon oxide filmfornmed on the surface of a supporting material is
arranged opposite to said article so as to allow said heat treatnent to
continue for a period of tine sufficient to make the silicon oxide filmto
be etched 25 &itti®rexpdhethe siiH® SFYTHe!l sthpbFer nbt &Fi YRS 32. A

met hod for etching a sem.conductor artjcle - 90 26 JUI\#)ZOOZ accordi ng
to any of cl aifﬁg"%dar‘?&‘ 28 R B LI Fh The® R hPe ERYSKArSSi Pfcon
filmof said silicon surface has a filmthickness between 20nm and 250nm
after the etc§i4r9ém]§ 3b Y aéi(g‘:s"fg Ejrﬂjh%flo?oﬁa%‘?c%?n Hat S8 E8HEGE or

article accordi nsgqtotr)ntg*ryshg%‘ddrcolsqa%r}rrs azs _an??rgé’% §£Iloé‘c911;' ‘ig%%}[&ﬂﬁé i @hgge singl e

. . a .
crystal sili cdiFi N surface has a f ness sel ect ed

out of asr ange hetvesn 10 Samand 300 and, i Shchel 19a5HoMk8A" LLm

t hi ckness between 2 _ . An etChi ng apparatus carrying out
an etching mehod,ac0UHNF Il MPhudd dfe Ar-£1E0I 95 fRRALAMYSIe

according to claim 34, conprising a reaction furnace nmade of vitreous
silica and adaptedd10 GO Sainl Wl GoNHLL OT &l b 66€c8Nd 200nm

thick silicon oxide film by means of combustion gas of
oxygen and hydrogen. As a result of oxidation, the

10 single crystal silicon film came to show a thickness of
250nm. This wafer and a second wafer were separately
subjected to a wet cleansing operation that is
popularly used in a silicon device process to produce a
clean surface. Then, the two silicon wafers were

15 bonded together. The silicon wafer assembly obtained
by bonding the two wafers was placed in a heat
treatment furnace, where it was heat-treated at 1,100°C
for 1 hour to enhance the bonding strength at the
interface. A nitrogen atmosphere was used for the heat

20 treatment. Then, the first silicon wafer of the
silicon wafer assembly was ground from the rear surface
until the porous silicon became exposed. Then, the
silicon wafer assembly was dipped into a mixture
solution of HF and hydrogen peroxide to etch out the

25 porous silicon. The assembly was then subjected to a
wet cleansing operation and cleansed well. The single

crystal silicon film produced by epitaxial growth had



reduce the internal pressure. 20 36. A nethod of preparing a sem conductor
article having a silicon film said nmethod conprising steps of: bonding a
first article containing therein a silicon filmand a separation I?EQMNZMZ
defining a 25 separating position to a 3e€®nd article; separating e
bonded first and second articles along the |ayer defining said separating
position to - 91 transfer said silicon filmonto said second article;
and etching the surface of said silicon filmtransferred onto said second

article by heat-treating .5 said secopd article in.a _hydrogen-caontaining

reduci ng at m _%ﬁﬁe?rﬁﬁgﬁeﬁf?énaPﬁ% gggu??88880?1%FFPé0Wé%efdéuo _3%F?e to
sald sillgon T e, SodsdbNefPR2c3 o fallBLNRA BhrPLERALI NG @ sem conduct or
article 10 having a siftcon TiTm Said nethod conprising 'steps of: bonding

a first article conpgjsifg, siti R0 AR0cAnaREONTHar kg heir &R0 Jlart of

said first article Tfromsaid Irst anfl second articles So as to

leave a 15 silycon fihoron-sai disgcond,-a5the! 8:19E6RI B9 1khg3ur face of said

silicon filmleft on said second article by heat-treating said second
article isn a hydiagess copt ahp-A9p1 £E4ET DOmAL MBERABEE poWinidy & anGidg a

surface of silicon oxide opposite to 20 said silicon film 38. A nethod of
preparing a sethLonthiet ebsde CFlm thickness was 242nm with a
deviation of +4nm. When a lum square area and a 50um
square area of the surface were observed through an
atomic force microscope at 256x256 points of
10 measurement, the root mean square (Rrms) of surface
roughness was 10.1lnm for the 1lum square areas and 9.8nm
for the 50um square areas. When the boron
concentration was measured by means of secondary ion
mass spectrography (SIMS), it was found that the boron
15 concentration in the single crystal silicon film was
1.2x10%cm®.

All the obtained SOI wafers whose natural oxide
film on the rear surface had been removed by
hydrofluoric acid were placed on respective quartz

20 trays and put into a vertical heat treatment furnace
comprising a furnace tube made of quartz. Gas was made
to flow from above to below in the furnace. The wafers
were arranged horizontally on a quartz boat as shown in
FIG. 7 in such a way that the rear surface of each of

25 the trays supporting an SOI wafer thereon faces the
surface of the SO0I layer of the S0I wafer located

directly below it and the oppositely disposed surfaces



having a silicon filmaccording to claim36 or 37, further conprising a
step of formng a silicon oxide 25 filmon the rear surface of said second
article to provide said surface of silicon oxide. - 92 2 6 JUN 200U\
A nmet hod of preparing a sem conduct or artil® havi ng a silicon film
according to claim36 or 37, further conprising a step of preparing a first
article by formng a non-porous single crystal silicon filmon 5 a porous
silicon layer. 40. A nethod of preparing a sem conductor article having a

silicon filmaccording to ¢cl.aim 36, wherein said separation layer .is a
porous | ayer &Hdf ssaﬁ‘%f%fbteefcw Ny %?%pofsg%%hdg}%?eﬁeg?%rOgefagg%éi P&y
etching the residual,. porous | ayer repaining. o id.silicon,fil fter the
separation. 4%%%%% od < r%er%n r‘?’lng aﬁéé;n?%rgﬁéﬁcg%?lea? iEPg fg'r g\‘/jl‘%ng a

sil i con 11 m qagording dauelalman, sher el said: 2epar abian Layer s a

porous | ayer and Sai S conduc e Fesiduar por ous

| ayer remaining.on, s pid 1con, fi ma@t@ést@ﬁeﬁfﬁ%egboan 28p4@s Anzet hod

of preparing a semconductor article having a silicon filmaccording to
claim 365 wherim ek SEpHEA 10N 1Y eibdSe ApbaYLEAI ankagtaﬁdtw th inert gas

or hydrogen ions and said etching step is conducted 25 w thout polishing
t he surface ofsegmirhtsd litcoirdm |thexposesonf tearéhe sepaeat replacingd3 - z s
~uN 2002

the atmosphere in the furnace by hydrogen, the

temperature in the furnace was raised to 1,180°C and

held to that level for 1 hour before the temperature

10 was lowered to take out the wafers and observe the film
thickness of the SOI of each specimen again. The
decrease in the film thickness of each of the SOI
wafers was 41.5nm for all the SOI wafers to realize a
thickness of 200.5nm for the SOI layer.

15 Thus, although the wafers did not carry a silicon
oxide film on the rear surface, the silicon layer was
etched as aresult of using a quartz tray for each
specimen to provide a counter-surface for the wafer
located immediately therebelow.

20 After the heat treatment, the specimens were
observed through an atomic force microscope for surface
roughness. The root mean square of surface roughness
(Rrms) of each of the specimens was 0.11lnm for a lum
square area and 0.35nm for a 50pm square area to

25 indicate that the specimens had been smoothed to the

level of commercially available silicon wafers. After

the heat treatment, the boron concentration of the



43. A nethod of preparing a sem conductor article having
according to claim37, wherein said first article conpris

a silicon film
es a porous |ayer

and said renoving step includes a step of renmoving the porous 5 Igﬁ
v

remaining on said silicon film 44. A methd of preparing
article having a silicon filmaccording to claim 37, wher

a semc
ei n the porous

| ayer is remaining on said silicon film10 after the renmovi ng step. 45. A

nmet hod of preparing a sem conductor article having a sil

to claim37, wher ntMa%#f %of%%ﬂn pg&mcgmﬁg

subj ected 15 t&qﬁ |ng after sard renDV|ng Sstep

RLEDeTL0 & SSREAIE A o A P sybiecs bk g

36 or 37, mhereln sal as a oot

con filmaccording
a_surface

BECAmﬁé‘Fhod of
8&% lehg clalm

Sq uar

surface roughnessofa NGlasmald %fmrb&m@&mgt@ohumqgaaﬁ %e%ceé7 A

met hod of preparing a sem conductor article having a sili

to claim36 Oka3heds ﬁmeiﬂcﬁayémswd C;%b\%”&?&@ 03 & 3

attributable to a porous silicon |ayer. 6 JUN

con filmaccording

sdiharechaughness
002 48. A net hod

of prepasing %e%@ﬂ&@d&@tﬁe@rﬂdﬁlrﬁamﬂwﬂualﬁgléx:@attbhﬁrbaa@%@b@g to

claim 36 or 37, wherein said silicon surface has a surfac
attri but abl e Exaiplieo-LaBdpasationt Doy Anaehdodt offJ pE epar i
article

e roughness
ng a seni conduct or

For each specimen, the surface of an 8-inch

boron-doped Si wafer having a specific resistance of

0.017%cm and a (100) orientation was anodized in a

10 solution containing 49% HF and ethylalcohol mixed to a

ratio of 2:1 to produce a 10pum thick porous silicon

layer on the wafer surface. To be more accurate, the

porous silicon layer included a lum thick highly porous

layer having a porosity of about 60% and a

15 lowly porous layer having a porosity of 203%

the highly porous layer, which layers were

varying the electric current. The silicon

S5um thick
located on
produced by

wafer was

20

25

then heat-treated at 400°C in an oxygen atmosphere for
1 hour and subsequently dipped into a 1.25% HF aqueous
solution for 30 seconds to remove the very thin oxide
film formed on and near the surface of the porous
silicon layer. The silicon wafer was then washed well
with water and dried. Thereafter, the silicon wafer
was placed in an epitaxial growth system and
heat-treated at 1,100°C in a hydrogen atmosphere by
adding silane gas at a very small rate to shut almost

all the pores on the surface of the porous silicon.



having a silicon filmaccording to claim 36, wherein said separation |ayer
is a layer inplanted with inert gas or hydrogen ions 10 50. A nethod of
preparing a sem conductor article having a silicon filn1according%QgUNP@9m
36, wherein said separation |layer is a‘pé?oﬂs | ayer. 15 51. A nethod o
preparing a sem conductor article having a silicon filmaccording to claim
36 or 37, wherein the flow rate of gas running near and in parallel wth
said silicon surface is made | ower than the flow rate of gas running

di cul ar| | ati 0t d.out.si.de the f f t i ph I
B en of the <ENPRonauELBF LA FRaRa in S4ar6OR chilh "Hepro®ES et hBd of

preparing a semconductor, articl i a.si.llico i BEG9 i claim
50, wherein Zgofﬁgsfﬁé%gfg etgfagag%%ﬁ% Fh&ﬁﬁﬁ%ﬁhéﬁéiéé? paréﬁggﬁgméfh sai d
silicon surfaggsky nﬁqghelbggts'i(iglnleya%qléqllitr_i%no'soufceg a G et N 2002 53.
A et hod of prepar?ng a sem conductor article having stlicon film

according to gl,a-By3R Ghs37, TWAEKEWA B rSilafan WA endi IR Shtigen oxide
filmon its surface is arranged opposite to the silicon filmof 5 said

sem condsict or ¢gpt E?h%aﬁ_ﬁ@lsﬁix@w?tﬁms%%ﬂﬁtawd Pldsd® irs dieadzidpeaieg until
the silicon oxide filmis etched out to expose the underlying silicon. 54.

A met hod of pfepastbay aTseEl Cendueieraak! iod andd igng @witaron film
according to claim36 or 37, wherein a tray made of silicon oxide is
arranged opposilecbn tEhemsiwhiscorifikmdoftos pirdbderd corimnortiatdk cl e. 15 55.
A nmet hod of preparing a sem conductor article
silicon oxide film by means of combustion gas of oxygen
and hydrogen. As a result of oxidation, the single
10 crystal silicon film came to show a thickness of 210nm.
Meanwhile, a second silicon wafer was subjected to a
thermal oxidation process to form a 200nm thick silicon
oxide film on the entire surface thereof and each of
the wafers was subjected to a wet cleansing operation
15 that is popularly used in a silicon device process to
produce a clean surface. Then, the two silicon wafers
were bonded together. The silicon wafer assembly
obtained by bonding the two wafers was placed in a heat
treatment furnace, where it was heat-treated at 1,100°C
20 for 1 hour to enhance the bonding strength at the
interface. An atmosphere of a mixture of nitrogen and
oxygen was used for the heat treatment. Then, the
silicon wafer assembly was separated along the highly
porous layer under the fluid wedge effect by applying a
25 high pressure water jet stream a lateral side of the

assembly to expose the porous layer. Then, the second

silicon wafer was dipped into a mixture solution of HF



having a silicon filmaccording to claim36 or 37, wherein said

hydr ogen- cont ai ni ng reduci ng at nosphere contai ns hydrogen by 1000 or
hydrogen and an inert gas. 20 56. A nethod of preparing a sem condtzcstsqj 00
article having a silicon film according ta ¢l aim 36 or 37, wherein~sali ON
hydr ogen- cont ai ni ng reduci ng at nosphere shows a dew poi nt not higher than
-92C. 25 57. A nethod of preparing a sem conductor article having a silicon
filmaccording to claim36 or 37, wherein said sem conductor article is
supported by a - 96 Z s ~uN zooz nenber containing silicon oxide at

| east on its sodf dyvdregedr Pedioxdlds Mg &lidnhteubgthe) PRI Dilbeeparing a
sem conductor article 5 having a silicon filmaccording to claim36 or 37,
wher ei n sai d éni@sndherosvkiticlied it & Mg WY PRkt 5t d2adl i con
surface di sposed perpendicularly relative to the principal flow of

hydr ogen- cont §tReR§eGa®eild -a Jo Simale fﬁwa%% of 1P pafing a
sem conductor _article having a silicon filmaccording to ¢laim36 or 37,
wherein a pl uP&Pt >F’-'&F‘53§Pﬁ R Cort ﬁetﬁoé‘ga,c S PR e]éa‘i’ﬁtlgiﬂt’?:on
surface, .are arranged cqaxi al.l,y in 15 rallel with each other at

pr edet er i ned St &§TPEr Of‘ﬁ?%r \a/tjéfll)s{,n &ivd qwréjgﬁl-ct%r eag} e%&fl nw%P%Ié'nt ainer, with

causi ng a hydrogengzeQntal-pi RG 433 Lsfi)eféi%r?é,c’%t elﬁ%f%é oLgarticles

so as to make the fl'ow rate of gas running near and in par wth said
silicon 20 suihacerdhaghcald Biegual dr&Xa16Qsi1A &t hothwfyPseparing a

sem conductor article having a silicon filmaccording to claim36 or 37,
measured at intra-planar 10mm lattice points to find
that the average film thickness was 242nm with a

10 deviation of +6nm. When a lum square area and a 50um
square area of the surface were observed through an
atomic force microscope at 256x256 points of
measurement, the root mean square (Rrms) of surface
roughness was 10.1lnm for the lpm square areas and 9.8nm

15 for the 50pm square areas. When the boron
concentration was measured by means of secondary ion
mass spectrography (SIMS), it was found that the boron
concentration in the single crystal silicon film was
1.2x10%%cm?.

20 All the obtained SOI wafers were checked for the
presence of the silicon oxide film on the rear surface
and put into a vertical heat treatment furnace
comprising a furnace tube made of quartz. Gas was made
to flow from above to below in the furnace. The wafers

25 were arranged horizontally on a quartz boat as shown in

FIG. 9 in such a way that the rear surface of each of

the S0OI wafers faces the surface of the S0I layer of



wherein a quartz plate is arranged opposite to said 25 silicon surface with
a hydrogen-contai ning gas interposed therebetween for heat-treating said
sem conductor article. 97 2 6 J UN 2002 61. A nethod of préga}UNrﬂﬂﬂZa
sem conductor article having a siliconTfifi®m-according to claim36 or 37,
wherein said silicon oxide surface is a rear surface of another

sem conductor article, said rear surface of 5 another sem conductor article
bei ng arranged opposite to said silicon surface. 62. A nethod of preparing

a sem conductor article having a sjljcon filmaccordin o . claim36 or 37,
10 wherein sait@€arfilcr@fes &ﬂ%ﬁ"r’ﬁ?@dqlr?eaf:‘%]dht%‘?%r%‘?’ hﬁvglﬁé 5Rei nner wal |
surface conprising.silic oxi de. 63._ A nethod of prepari a senm canduct or
article havi napg_O%ll |e&8’n%}1ﬁprﬂsfcdcc§r‘ﬁ%ad:‘?% i ?ﬁ%%r% e§7£91§ WABr &n a
plural ity of  SRRLGOUIMC! Wnclddless B & RUPRGE Lk o Ao PLPROLLHREDC!

havi ng a surface conpri’'sing SiTicon oxide so as to be arranged in par al | el

W th each ot hgk N fCRNAAEN RAVIdY @k | Angta vl {ys4r fage al so conpri sing
silicon oxide. 20 64. A nmethod of preparing a sem conductor article having

a silicog fil pamecdiand i &vdididBiRb O Hon Wnet & Nesak-gdiagl hecgnisebhace is
renoved by about | 0Onmto 200nm by etching. 25 65. A nethod of preparing a
sem conduct or cgh lieClo® BaWmane Sddreorardd | raae i dged owakakprdfgen 37,
on top of the SO0I wafers, keeping the above pointed out
gap to separate it from the top SOOI wafer. After
replacing the atmosphere in the furnace by hydrogen,
10 the temperature in the furnace was raised to 1,180°C
and held to that level for 1 hour before the
temperature was lowered to take out the wafers and
observe the film thickness of the SOI of each specimen
again. The decrease in the film thickness of each of
15 the S0I wafers was 43.2nm.

Thus, the silicon layer was etched to obtain a
desired film thickness by using a silicon oxide
counter-surface.

After the heat treatment, the specimens were

20 observed through an atomic force microscope for surface
roughness. The root mean square of surface roughness
(Rrms) of each of the specimens was 0.1llnm for a lum
square area and 0.35nm for a 50um sgquare area to
indicate that the specimens had been smoothed to the

25 level of commercially available silicon wafers. After
the heat treatment, the boron concentration of the

single crystal silicon film of each of the specimens



2 6 JUN 2002 _ 98 _ wherein the rate of etching said silicon surface is
between | . XI O3nmmin. and | .OnmMmn. 66. A nmethod of preparing J

sem conductor article 5 having a silicon filmaccording to claim 2(9 Ol{ngﬂll,
wherein the root nean square of surface fdughness of said silicon surface
is made to be not greater than 0.4nmin a | pm square area. 10 67. A method
of preparing a sem conductor article having a silicon filmaccording to
claim 36 or 37, wherein said silicon oxide shows a thickness not snaller

than 2.2 ti f the height to be etched of said sil] f 68. A
ot hod of pr ePaFI RYSE=SEH AinARLBF R |G HR P4 S TTEORY | | e dor o ng

b o I8 ol bt SR AL i ol CONCUEI ALY | £ 8Reo800

havi ng sai d si ace, are arranged coaxia i par a W th

each other al .predeleniiied feguldl: Lol gwdles fidd A% & dirgstign and

a dumy substraté or a quartz wafer sub aving a silicon oxide film

on the SurfaC%egéi%ﬁ&a%e%sfesar S by 2068, 1116y Sb1dserosikf 86610kt he
| eadi ng sem conductor 25 article. 69. A nethod of preparing a sem conduct or

article 5 2 6p4HNAQ0Z -(F¥oEMA chisidusied fduaae£opehpg: to claim 36 or
37, wherein said single crystal silicon filmof the silicon surface is an

SO layer fornmed bycgpidsad alpedigwn). sn . irkchrebdesh odops&pal i wgfar
sem conductor article having a silicon filmaccording to claim36 or 37,
wherein sai d sRghgy &r WiedifRid ireei ftddneefof he. G0TRconasdrdackobas a film
t hi ckness between 50nm and 500nm before the etching process.
orientation was placed in an epitaxial growth system
and heat-treated at 1,100°C in a hydrogen atmosphere.
10 After lowering the temperature to 900°C, a single
crystal silicon film was produced to an average film
thickness of 300nm+5nm by using hydrogen gas, to which
dichlorosilane was added as silicon source gas. The
silicon wafer was then taken out of the epitaxial
15 growth system and placed in an oxidizing furnace.
Thus, the surface of the single crystal silicon film
was oxidized to produce a 200nm thick silicon oxide
film by means of combustion gas of oxygen and hydrogen.
As a result of oxidation, the single crystal silicon
20 film came to show a thickness of 200nm. Meanwhile, a
second silicon wafer was subjected to a thermal
oxidation process to form a 200nm thick silicon oxide
film on the entire surface thereof and each of the
wafers was subjected to a wet cleansing operation that
25 is popularly used in a silicon device process to

produce a clean surface. After activating the surfaces

of the wafers by means of an oxygen plasma process, the



10 71. A nethod of preparing a seniconductor article having a silicon film
according to claim36 or 37, wherein the single crystal silicon film of
said silicon surface has a film thickness between 20nm and 250nm 13 BadUiNs}in?
the etching process. 72. A nethod of premaring a sem conductor article
having a silicon filmaccording to claim36 or 37, wherein the single
crystal silicon filmof said silicon 20 surface has a filmthickness

sel ected out of a range between 50nm and 500nm and is etched to show a film
t hi ckness between 20 and 250nm 73. A nethod according to claim1, wherein
t he 25 tenper d&Wer &idficea wafeans mekn maghed W\i’g}he‘ﬁatﬁﬁna?’éoﬁmﬁédl ower
than the nelting point of silicon. 2 s ~uN 2002 - 100 74. A nethod
accordi ng to &PFERPET -whdh& r’F'JtJﬁéctréﬁ’fﬁeﬁ%‘f RESYPP LR %Ibﬁ%a{‘ef}réét rrent i s

hi gher thanBOCandI wer than the nelti oint of silicon.
rretghod accor dgﬁé‘dt%lgcl Bl SRrIEES \R)F?e?é?nfff“g 2 tenpefsthr Er%?tg‘ﬁf‘& heat

i h h 300C ,and I th th t . Qf I .
76 A ot hod ACROREEG TSIA & s deakr Ceat et ho PfactERBer i ure of |
d h t t t h h t 800 d | h i nt
sai eatswre men | s A ahs er t}[n X ncﬁ an e’éQté??Pv\%ge lec%ﬁ%g]cgql nt o

silicon OWEetndE SEEEH aim nerein I'ow rate
o 927 418 gt SBIR LE Menc st Blicn i
than 300cc/ M Bhe:. the silicon wafer assembly was scraped from the

rear surface of the first silicon wafer until thickness

of the first silicon wafer was reduced to about 5pm.

10 Subsequently, the P’ layer was selectively etched by
dipping the silicon wafer assembly in a 1:3:8 mixture
solution of hydrofluoric acid, nitric acid and acetic
acid. The single crystal silicon film had been
transferred onto the second silicon wafer with the

15 silicon oxide film to produce an S0I wafer.

For each of the specimens, the film thickness of
the transferred single crystal silicon film was
measured at intra-planar 10mm lattice points to find
that the average film thickness was 190nm with a

20 deviation of +20nm. When a lum sguare area and a 50pm
square area of the surface were observed through an
atomic force microscope at 256x256 points of
measurement, the root mean sgquare (Rrms) of surface
roughness was 2nm for the lum square areas and 2.2nm

25 for the 50um square areas.

All the obtained SOI wafers were checked for the

presence of the silicon oxide film on the rear surface
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1010109&6V7d0¥§%9925ﬁ(gonlY#%ggé'&ArelY#lgwg Q%gether The silicon

wafer assembly obtained by bonding the two wafers was
placed in a heat treatment furnace, where it was
heat-treated at 400°C for 10 hours in a heat treatment
furnace to enhance the bonding strength at the

25 interface. A nitrogen atmosphere was used for the heat
treatment. During the heat treatment, the silicon

wafer assembly was separated along the depth
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corresponding to the projection range of implanted
ions. The single crystal silicon film had been
transferred onto the second silicon wafer with the
silicon oxide film to produce an S0I wafer.

5 For each of the specimens, the film thickness of
the transferred single crystal silicon film was
measured at intra-planar 10mm lattice points to find
that the average film thickness was 280nm with a
deviation of +10nm. When a lpm square area and a 50um

10 square area of the surface were observed through an
atomic force microscope at 256x256 points of
measurement, the root mean square (Rrms) of surface
roughness was 9.4nm for the lum square areas and 8.5nm
for the 50um square areas.

15 All the obtained SOI wafers were put into a
vertical heat treatment furnace comprising a furnace
tube made of quartz with the silicon oxide film carried
on the rear surface of each specimen. Gas was made to
flow from above to below in the furnace as shown in

20 FIG. 9. The wafers were arranged horizontally on a
quartz boat as shown in FIG. 9 in such a way that the
rear surface of each of the SOI wafers faces the
surface of the SOI layer of the SOI wafer located
directly below it and the oppositely disposed surfaces

25 are separated by a gap of about 6mm, the center of each
of the wafers agreeing with the center line of the

furnace tube. A commercially available silicon wafer
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10 temperature was lowered to take out the wafers and
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& ()-g!'"109%& ()-g, SMLOY&' ()-' MO%& () -

10d44855U667z Xx&adin 4 y @Fs= 1 5qy@gp(3npthe film thickness of each of

10 the SOI wafers was 80.3nm in average to make the SOI
layer 199.6nm thick.

After the heat treatment, the specimens were
observed through an atomic force microscope for surface
roughness. The root mean square of surface roughness

15 (Rrms) of each of the specimens was 0.l1llnm for a lum
square area and 0.35nm for a 50um square area to
indicate that the specimens had been smoothed to the
level of commercially available silicon wafers. After
the heat treatment, the boron concentration of the

20 single crystal silicon film of each of the specimens
was observed by secondary ion mass spectrography (SIMS)
to find that the boron concentration had been reduced
to less than 5x10'®/cm® to prove that the specimen could
feasibly be used for manufacturing electronic devices.

25 When the specimens were observed before and after
the heat treatment in the hydrogen atmosphere by means

of radial TEM, the dislocations observed near the
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Example 7 (SIMOX/vertical furnace/quartz boat):

For each specimen, oxygen ions were implanted into
the polished surface of an 8-inch boron-doped Si wafer
having a specific resistance of 10Qcm and a (100)

10 orientation under the conditions of 550°C, 180KeV and
4x10*"/cm?. The silicon wafer was placed in a heat
treatment furnace and heat-treated in a mixture gas of
Ar+0, at 1,350°C for 20 hours to produce a buried oxide
£film.

15 For each of the specimens, the film thickness of
the single crystal silicon film formed on the buried
oxide film was measured at intra-planar 10mm lattice
points to find that the average film thickness was
200nm with a deviation of +10nm. When a lum sqguare

20 area and a 50um square area of the surface were
observed through an atomic force microscope at 256x256
points of measurement, the root mean square (Rrms) of
surface roughness was 0.5nm for the lum square areas
and Znm for the 50um square areas to prove fhat the

25 surface roughness was increased by the oxygen ion
implantation. When the boron concentration was

measured by means of secondary ion mass spectrography
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rear surface of each of the S0l wafers faces the
surface of the SOI layer of the SOI wafer located
directly below it and the oppositely disposed surfaces
are separated by a gap of about 6mm, the center of each

15 of the wafers agreeing with the center line of the
furnace tube. A silicon wafer carrying a silicon oxide
on both the front and rear surfaces was arranged on top
of the SOI wafers, keeping the above pointed out gap to
separate it from the top SOI wafer. After replacing

20 the atmosphere in the furnace by hydrogen, the
temperature in the furnace was raised to 1,180°C and
held to that level for 1.2 hours before the temperature
was lowered to take out the wafers and observe the film
thickness of the SOI of each specimen again. The

25 decrease in the film thickness of all the SOOI wafers
was 50nm to make the SOI layer 150nm+10nm thick.

After the heat treatment, the specimens were
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15 For each specimen, the surface of an 8-inch
boron-doped Si wafer having a specific resistance of
0.017Qcm and a (100) orientation was anodized in a
solution containing 49% HF and ethylalcohol mixed to a
ratio of 2:1 to produce a 10pm thick porous silicon
20 layer on the wafer surface. The silicon wafer was then
heat-treated at 400°C in an oxygen atmosphere for 1
hour and subsequently dipped into a 1.25% HF aqueous
solution for 30 seconds to remove the very thin oxide
film formed on and near the surface of the porous
25 silicon layer. The silicon wafer was then washed well

with water and dried. Thereafter, the silicon wafer

was placed in an epitaxial growth system and
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hydrogen gas. The silicon wafer was then taken out of
the epitaxial growth system and placed in an oxidizing
furnace. Thus, the surface of the single crystal
10 silicon film was oxidized to produce a 200nm thick
silicon oxide film by means of combustion gas of oxygen
and hydrogen. As a result of oxidation, the single
crystal silicon f£ilm came to show a thickness of 220nm.
Meanwhile, a second silicon wafer was subjected to a
15 thermal oxidation process to form a 200nm thick silicon
oxide film on the entire surface thereof and each of
the wafers was subjected to a wet cleansing operation
that is popularly used in a silicon device process to
produce a clean surface. After activating the surfaces
20 by nitrogen plasma, the two silicon wafers were washed
with water, dried and bonded together. The silicon
wafer assembly obtained by bonding the two wafers was
placed in a heat treatment furnace, where it was
heat-treated at 400°C for 10 hours to enhance the
25 bonding strength at the interface. Then, the silicon

wafer assembly was scraped from the rear surface of the

first silicon wafer to expose the porous silicon.
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5 crystal silicon film had been transferred onto the

second silicon wafer with the silicon oxide film to
produce an SOI wafer.

For each of the specimens, the film thickness of
the transferred single crystal silicon film was

10 measured at intra-planar 10mm lattice points to find
that the average film thickness was 220nm with a
deviation of +7nm. When a lpym square area and a 50um
square area of the surface were observed through an
atomic force microscope at 256x256 points of

15 measurement, the root mean square (Rrms) of surface
roughness was 10.1lnm for the lum square areas and 9.8nm
for the 50um square areas. When the boron
concentration was measured by means of secondary ion
mass spectrography (SIMS), it was found that the boron

20 concentration in the single crystal silicon film was
1.2x10%cm?,

All the obtained SOI wafers were placed on
respective quartz trays and put into a vertical heat
treatment furnace comprising a furnace tube made of

25 quartz. Gas was made to flow from above to below in
the furnace. The wafers were arranged horizontally on

a quartz boat 93 as shown in FIG. 9 in such a way that
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s109B& (§-yl09B&' tpnski0¥B&e@rt3 of the wafers agreeing with the
center line of the furnace tube. A silicon wafer was
arranged on a tray, which was then placed on top of the
S0I wafers, keeping the above pointed out gap to
separate it from the top SOI wafer. After replacing

10 the atmosphere in the furnace by hydrogen, the

temperature in the furnace was raised to 1,000°C and
held to that level for 15 hours before the temperature
was lowered to take out the wafers and observe the film
thickness of the SOI of each specimen again. The

15 decrease in the film thickness of each of the SOI
wafers was 10nm.

-After the heat treatment, the specimens were
observed through an atomic force microscope for surface
roughness. The root mean square of surface roughness

20 (Rrms) of each of the specimens was O0.llnm for a 1pm
square area and 0.50nm for a 50um square area to
indicate that the specimens had been smoothed to the
level of commercially available silicon wafers. After
the heat treatment, the boron concentration of the

25 single crystal silicon film of each of the specimens
was observed by secondary ion mass spectrography (SIMS)

to find that the boron concentration had been reduced
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boron-doped Si wafer having a specific resistance of

0.0150cm and a (100) orientation was anodized in a
solution containing 49% HF and ethylalcochol mixed to a
ratio of 2:1 to produce a 10pm thick porous silicon

10 layer on the wafer surface. The silicon wafer was then
heat-treated at 400°C in an oxygen atmosphere for 1
hour and subsequently dipped into a 1.25% HF aqueous
solution for 30 seconds to remove the very thin oxide
film formed on and near the surface of the porous

15 silicon layer. The silicon wafer was then washed well
with water and dried. Thereafter, the silicon wafer
was placed in an epitaxial growth system and
heat-treated at 1,100°C in a hydrogen atmosphere to
shut almost all the pores on the surface of the porous

20 silicon. Then, a single crystal silicon film was
formed on the porous silicon to an average thickness of
300nm+5nm by adding dichlorosilane as silicon source
gas to the hydrogen gas. The silicon wafer was then
taken out of the epitaxial growth system and placed in

25 an oxidizing furnace. Thus, the surface of the single

crystal silicon film was oxidized to produce a 200nm
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210nm. Then, this silicon wafer and a second silicon
5 wafer was separately subjected to a wet cleansing
operation that is popularly used in a silicon device
process to produce a clean surface. The two silicon
wafers were then bonded together. The silicon wafer
assembly obtained by bonding the two wafers was placed
10 in a heat treatment furnace, where it was heat-treated
at 1,100°C for 1 hour to enhance the bonding strength
at the interface. Nitrogen was used for the atmosphere
of the heat treatment. Then, the silicon wafer
assembly was scraped from the rear surface of the first
15 silicon wafer to expose the porous silicon. Then, the
silicon wafer assembly was dipped into a mixture
solution of HF and hydrogen peroxide to etch out the
porous silicon. It was then subjected to a wet
cleansing operation and cleansed well. The single
20 crystal silicon film had been transferred onto the
second silicon wafer with the silicon oxide film to
produce an SOI wafer.
For each of the specimens, the film thickness of
the transferred single crystal silicon film was
25 measured at intra-planar 10mm lattice points to find
that the average film thickness was 210nm with a

deviation of +5nm. Since the designed film thickness
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5 measurement, the root mean square (Rrms) of surface
roughness was 10.1lnm for the lpm square areas and 9.8nm
for the 50pm square areas. When the boron
concentration was measured by means of secondary ion
mass spectrography (SIMS), it was found that the boron

10 concentration in the single crystal silicon film was
1.2x10%cm?.

Each of the SOI wafers was placed in a horizontal
heat treatment furnace comprising a cylindrical furnace
tube made of quartz. Gas was made to flow from an end

15 to the other of the furnace tube. The SO0I wafers were
placed in the furnace respectively in two different
modes of arrangement as will be described below.
Specimen E: An SOI wafer was placed in the furnace
with the single crystal silicon film facing the

20 upstream of the gas flow in the furnace and a silicon
wafer carrying on the front surface thereof a 133.3nm
silicon oxide film was placed vis-a-vis the S0I wafer
in such a way that the center of each of the wafers was
aligned with the center line of the furnace and the

25 wafers are arranged perpendicularly relative to the

center line.

Specimen F: An SOI wafer was placed in the furnace

" q9pq
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silicon oxide film was placed vis-a-vis the SO0l wafer

5 in such a way that the center of each of the wafers was
aligned with the center line of the furnace and the
wafers are arranged perpendicularly relative to the
center line.

All the wafers were held and supported by

10 respective quartz jigs.

For each specimen, after replacing the atmosphere
in the furnace by hydrogen, the temperature was raised
to 1,180°C and held to that level for 2 hours before
the temperature was made to fall. Then, the atmosphere

15 in the furnace was replaced by nitrogen and the wafer
specimen was taken out to observe the film thickness of
the single crystal silicon film for another time. The
reduction in the film thickness on each of the
specimens is shown below. The hydrogen gas flow rate

20 was 5slm. The film thickness was measured at

intra-plana 10mm lattice points and the obtained values

were averaged.

etched height film thickness
Specimen E: 60.1lnm 150.3nm
25 Specimen F: 80.1nm 130.1mm

After the above heat treatment, the film thickness

of the silicon oxide located vis-a-vis the S0OI film was
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of Specimen E was found remaining only by 23nm. In
short, the SOI layer of Specimen E were etched until
5 all the silicon oxide film are gone and the operation

of etching the SOI layer did not proceed since. Thus,
the volume of silicon to be etched could be controlled
by controlling the thickness of the silicon oxide
layer.

10 A film of a semiconductor material other than Si
can be formed on the surface of an article obtained by
a method according to the invention by means of

hetero-epitaxy.
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WHAT IS CLAIMED IS:

1. A method for etching a semiconductor article
having a planar surface comprising silicon, said method
comprising a step of heat-treating said silicon surface

5 in a hydrogen-containing reducing atmosphere, with
keeping said silicon surface in a state disposed
opposite to a surface comprising silicon oxide with a

predetermined distance separating them.

10 2. A method for etching a semiconductor article
according to claim 1, wherein said semiconductor
article is an SOI substrate having a single crystal

silicon film.

15 3. A method for etching a semiconductor article
according to claim 1 or 2, wherein said silicon surface
has a root mean square of surface roughness of not

smaller than 0.2nm in a lum sguare area.

20 4. A method for etching a semiconductor article
according to claim 1 or 2, wherein said silicon surface

is an unpolished surface.

5. A method for etching a semiconductor article
25 according to claim 1 or 2, wherein said silicon surface
has a surface roughness attributable to a porous

silicon layer.
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according to claim 2, wherein said SOI substrate having

a single crystal silicon film is obtained by bonding a
first silicon article containing said single crystal
silicon film and a separation layer for predefining a
10 separating position to a second article and then
separating the bonded assembly at the separation layer
predefining the separating position so as to transfer

said single crystal silicon film onto said second

article.
15
8. A method for etching a semiconductor article
according to claim 7, wherein said separation layer is
a layer implanted with inert gas or hydrogen ions.
20 8. A method for etching a semiconductor article
according to claim 7, wherein said separation layer is
a porous layer.
10. A method for etching a semiconductor article
25 according to claim 2, wherein said SOI substrate has a

buried oxide layer obtained by implanting oxygen ions

into and heat-treating a silicon wafer.
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12. A method for etching a semiconductor article
10 according to claim 11, wherein the flow rate of gas

running near and in parallel with said silicon surface

is made practically equal to O.

13. A method for etching a semiconductor article
15 according to claim 1, wherein a silicon wafer having a
silicon oxide film on its surface is arranged opposite
to the silicon surface of said semiconductor article
and said semiconductor article is heat-treated until
the silicon oxide film is etched out to expose the

20 underlying silicon.

14. A method for etching a semiconductor article
according to claim 1, wherein a tray made of silicon
oxide is arranged opposite to the silicon surface of

25 said semiconductor article.

15. A method for etching a semiconductor article
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10 17. A method for etching a semiconductor article
according to claim 1, wherein said semiconductor
article is supported by a member containing silicon

oxide at least on its surface as principal ingredient.

15 18. A method for etching a semiconductor article
according to claim 1, wherein said semiconductor
article is arranged so as to make said silicon surface
disposed perpendicularly relative to the principal flow

of hydrogen-containing gas in a container.

20
19. A method for etching a semiconductor article
according to claim 1, wherein a plurality of
semiconductor articles, each having said silicon
surface, are arranged coaxially in parallel with each
25 other at predetermined regular intervals and

heat-treated in a container, with causing a

hydrogen-containing gas to flow around the
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21. A method for etching a semiconductor article

according to claim 1, wherein said silicon oxide

surface is a rear surface of another semiconductor

article, said rear surface of another semiconductor

15 article being arranged opposite to said silicon

surface.

22. A method for etching a semiconductor article
according to claim 1, wherein said article is arranged
20 in a container having an inner wall surface comprising

silicon oxide.

23. A method for etching a semiconductor article
according to claim 1, wherein a plurality of
25 semiconductor articles are supported by a support
member having a surface comprising silicon oxide so as
to be arranged in parallel with each other in a

container having an inner wall surface also comprising
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according to claim 1, wherein the rate of etching said

silicon surface is between 1.0x10°nm/min. and

10 1.0nm/min.

26. A method for etching a semiconductor article
according to any of claims 1 and 23 through 25, wherein
the root mean square of surface roughness of said

15 silicon surface is made to be not greater than 0.4nm in

a lym sguare area.

27. A method for etching a semiconductor article

according to any of claims 1 and 23 through 25, wherein
20 said silicon oxide shows a thickness not smaller than
2.2 times of the height to be etched of said silicon

surface.

28. A method for etching a semiconductor article
25 according to any of claims 1, 19 and 23, wherein a
plurality of semiconductor articles, each having said

silicon surface, are arranged coaxially in parallel
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face a same direction an a

dummy substrate or a quartz
wafer substrate having a silicon oxide film on the
surface is arranged foremost to face the silicon

5 surface of the leading semiconductor article.

29. A method for etching a semiconductor article
according to any of claims 2 and 23 through 25, wherein
said single crystal silicon film of the silicon surface

10 is an SOI layer formed by epitaxial growth.

30. A method for etching a semiconductor article
accoxrding to any of claims 2 and 23 through 25, wherein
said single crystal silicon film of the silicon surface

15 has a film thickness between 50nm and 500nm before the

etching process.

31. A method for etching a semiconductor article
according to claim 1, wherein a counter-surface
20 constituting member comprising a silicon oxide film
formed on the surface of a supporting material is
arranged opposite to said article so as to allow said
heat treatment to continue for a period of time
sufficient to make the silicon oxide film to be etched

25 out to expose the surface of the support material.

32. A method for etching a semiconductor article



| $w10% 10 10 10! 0"10%& ()-3 10" 10%& ()-3 ! &#109%&' ()-! n&#10%& () - | aBMC
9s10%& () - 9mLO%&' () - OMLOY%& () - L10%& () - 9f mlO%& ()-!.f10%& ()- FM dBMC |
10%& () - &109%& () - &10%&' ()-9910% () - Y10%& ()- 9y109%& ()-"3 6dEMC 96 JUN 200

| & 109&' ()-+t! 109 ()- & s10%& ()- (10%& 9-S8&Z10%&' ()-$10%& ()-6Dz{|}dY

10 10 10910%& ()-710%& ()-y, 5! 10%& ()- 310%&' ()-/ 10%& ()-}O PAEYNC !
#10% 0& () -5510% 0& ()-s10% 0& ()-SsF10% o0& ()- &l0% o0& ()-FL10% o0& ()-[ | dE
YNC !

5"10% o0& - VY. 10% o0& - , 109 ! - 00 & - H#M 10% & - 710% o&'

2 e °F onfepaataets 4oy ‘qhogitdne doses 25 thPHugh g8 (herel® o€ U
10' 0 710% o&' -dEbC L ) \ o

&1 100& () - 1098 (TR IR0 YT Il V150 5Bl ) S5t d05dl EFoT prstace

has a film thickness between 20nm and 250nm after the

etching process.

33. A method for etching a semiconductor article
according to any of claims 2 and 23 through 25, wherein
the single crystal silicon film of said silicon surface
has a film thickness selected out of a range between

10 50nm and 500nm and is etched to show a film thickness

between 20 and 250nm.

34. An etching apparatus for carrying out an
etching method according to claim 1.
15
35. An etching apparatus according to claim 34,
comprising a reaction furnace made of vitreous silica
and adapted to contain said semiconductor article and
reduce the internal pressure.
20
36. A method of preparing a semiconductor article
having a silicon film, said method comprising steps of:
bonding a first article containing therein a
silicon film and a separation layer defining a
25 separating position to a second article;
separating the bonded first and second articles

along the layer defining said separating position to
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transferred onto said second article by heat-treating
5 said second article in a hydrogen-containing reducing
atmosphere, with arranging a surface of silicon oxide

opposite to said silicon film.

37. A method of preparing a semiconductor article
10 having a silicon film, said method comprising steps of:
bonding a first article comprising silicon and a
second article;
removing part of said first article from said
bonded first and second articles so as to leave a
15 silicon film on said second article;
etching the surface of said silicon film left on
said second article by heat-treating said second
article in a hydrogen-containing reducing atmosphere,
with arranging a surface of silicon oxide opposite to

20 sajid silicon film.

38. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
further comprising a step of forming a silicon oxide
25 film on the rear surface of said second article to

provide said surface of silicon oxide.
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further comprising a step of preparing a first article
by forming a non-porous single crystal silicon film on

5 a porous silicon layer.

40. A method of preparing a semiconductor article
having a silicon film according to claim 36, wherein
said separation layer is a porous layer and said

10 etching step is conducted after selectively etching the
residual porous layer remaining on said silicon film

after the separation.

41. A method of preparing a semiconductor article
15 having a silicon film according to claim 36, wherein
said separation layer is a porous layer and said
etching step is conducted with the residual porous
layer remaining on said silicon film after the
separation.
20
42. A method of preparing a semiconductor article
having a silicon film according to claim 36, wherein
said separation layer is a layer implanted with inert
gas or hydrogen ions and said etching step is conducted
25 without polishing the surface of said silicon film

exposed after the separation.
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said first article comprises a porous layer and said

removing step includes a step of removing the porous

5 layer remaining on said silicon film.

44. A method of preparing a semiconductor article
having a silicon film according to claim 37, wherein
the porous layer is remaining on said silicon film

10 after the removing step.

45. A method of preparing a semiconductor article
having a silicon film according to claim 37, wherein
the surface of said silicon film is a surface subjected

15 to plasma etching after saild removing step.

46. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein said silicon film surface has a root mean
20 square of surface roughness of not smaller than 0.2nm

in a 1lpm square area.

47. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
25 wherein said silicon surface has a surface roughness

attributable to a porous silicon layer.
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49. A method of preparing a semiconductor article

having a silicon film according to claim 36, wherein

said separation layer is a layer implanted with inert

gas or hydrogen ions

10
50. A method of preparing a semiconductor article

having a silicon film according to claim 36, wherein

said separation layer is a porous layer.

15 51. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein the flow rate of gas running near and in
parallel with said silicon surface is made lower than
the flow rate of gas running perpendicularly relative

20 to and outside the surface of the peripheral area of

the semiconductor article in said etching step.

52. A method of preparing a semiconductor article
having a silicon film according to claim 50, wherein
25 the flow rate of gas running near and in parallel with

said silicon surface is made practically equal to O.
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5 said semiconductor article and said semiconductor
article is heat-treated until the silicon oxide film is

etched out to expose the underlying silicon.

54. A method of preparing a semiconductor article
10 having a silicon film according to claim 36 or 37,
wherein a tray made of silicon oxide is arranged
opposite to the silicon film of said semiconductor

article.

15 55. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein said hydrogen-containing reducing atmosphere

contains hydrogen by 100% or hydrogen and an inert gas.

20 56. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein said hydrogen-containing reducing atmosphere

shows a dew point not higher than -92°C.

25 57. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,

wherein said semiconductor article is supported by a
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wherein said semiconductor article is arranged so as to
make said silicon surface disposed perpendicularly
relative to the principal flow of hydrogen-containing
gas in a container.
10
59. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein a plurality of semiconductor articles, each
having said silicon surface, are arranged coaxially in
15 parallel with each other at predetermined regular
intervals and heat-treated in a container, with causing
a hydrogen-containing gas to flow around the
semiconductor articles so as to make the flow rate of

gas running near and in parallel with said silicon

20 surface practically equal to O.

60. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein a quartz plate is arranged opposite to said
25 silicon surface with a hydrogen-containing gas
interposed therebetween for heat-treating said

semiconductor article.
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to said silicon surface.

62. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
10 wherein said article is arranged in a container having

an inner wall surface comprising silicon oxide.

63. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,

15 wherein a plurality of semiconductor articles are
supported by a support member having a surface
comprising silicon oxide so as to be arranged in
parallel with each other in a container having an inner

wall surface also comprising silicon oxide.

20
64. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein said silicon surface is removed by about 10nm
to 200nm by etching.
25

65. A method of preparing a semiconductor article

having a silicon film according to claim 36 or 37,
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5 having a silicon film according to claim 36 or 37,
wherein the root mean square of surface roughness of

salid silicon surface is made to be not greater than

O.4nm in a luym square area.

10 67. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein said silicon oxide shows a thickness not
smaller than 2.2 times of the height to be etched of
said silicon surface.

15

68. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein a plurality of semiconductor articles, each
having said silicon surface, are arranged coaxially in

20 parallel with each other at predetermined regular
intervals to face a same direction and a dummy
substrate or a quartz wafer substrate having a silicon
oxide film on the surface is arranged foremost to face
the silicon surface of the leading semiconductor

25 article.

69. A method of preparing a semiconductor article
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having a silicon film according to claim 36 or 37,
wherein said single crystal silicon film of the silicon

surface is an SO01 layer formed by epitaxial growth.

70. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein said single crystal silicon film of the silicon
surface has a film thickness between 50nm and 500nm

before the etching process.

71. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein the single crystal silicon film of said silicon
surface has a film thickness between 20nm and 250nm

after the etching process.

72. A method of preparing a semiconductor article
having a silicon film according to claim 36 or 37,
wherein the single crystal silicon film of said silicon
surface has a film thickness selected out of a range
between 50nm and 500nm and is etched to show a film

thickness between 20 and 250nm.

73. A method according to claim 1, wherein the
temperature of said heat treatment is higher than 300°C

and lower than the melting point of silicon.
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74. A method according to claim 1, wherein the
temperature of said heat treatment is higher than 800°C

and lower than the melting point of silicon.

75. A method according to claim 36 or 37, wherein
the temperature of said heat treatment is higher than

300°C and lower than the melting point of silicon.

76. A method according to claim 36 or 37, wherein
the temperature of said heat treatment is higher than

800°C and lower than the melting point of silicon.

77. A method according to claim 1, 36 or 37,
wherein the flow rate of gas flowing along the outer
peripheral area of said silicon film article in the
furnace is not smaller than 10cc/min.cm?’ and not greater

than 300cc/min.cm?.



