; & () e3ekLkDDE\ H HvK6 2002 SEM CONDUCTOR SUBSTRATE AND
METHOD OF MANUFACTURI Wmmﬁww BACKGROUND OF THE | NVENTI ON Fi el d SofUlt H&
I nvention This inventi o a sem conductor 10 substrate conpri sing
a sem conductor | ayer arranﬂed ow}a supporting base nmenber and also to a

met hod of manufacturi nﬁm\mﬂm \ﬂmﬁ conduct @r _substrate. Rel ated Background
Art SO (sem conduct or r) substrates having 15 20 25 an SD

structure obtained by fornicoga single crystal sem conductor |ayer on an

i nsul ation | ayer are well known. Devices conprising an SO substrate

provi de a nunber of advantages over ordinary Si substrates, including the
follow ng: (1) easy di eseRirCoNDSEPORASUPSTRATE axhaptIHOD YOF 0 an enhanced
degree of integration; (2) excellent radiation resistance; (3) small stray
capaci tance and potential for MNANURARIRINGVTHE SpMEati on; (4) no need of
wel | -form ng process; (5) reliable |atch-up prevention; and (6) capability
of reducing the filmthickness and formng fully depleted type field effect

transi stors. Because of the advantages of the SO structure including the
above, massive %‘F?‘%‘?‘P‘é”q’la@% BeEnt %’581#%?

5 Field of the Invention
This invention relates to a semiconductor
substrate comprising a semiconductor layer arranged on
a supporting base member and also to a method of
manufacturing such a semiconductor substrate.
10 Related Background Art
SO0I (semiconductor on insulator) substrates having
an SOI structure obtained by forming a single crystal
semiconductor layer on an insulation layer are well
known. Devices comprising an SOOI substrate provide a
15 number of advantages over ordinary Si substrates,
including the following:
(1) easy dielectric separation and adaptability to an
enhanced degree of integration;
(2) excellent radiation resistance:;
20 (3) small stray capacitance and potential for high
speed device operation;
(4) no need of well-forming process:;
(5) reliable latch-up prevention; and
(6) capability of reducing the film thickness and
25 forming fully depleted type field effect transistors.
Because of the advantages of the SOI structure

including the above, massive efforts have been paid for



s - 2 devel oping various nethods of manufacturing substrates having an SO
structure in the | ast decades. The SO technol ogy can go back to the dags

of the SCS (silicon on sapphire) technology of fornming an Si 5 | ayerl $dUa2002
single crystal sapphire substrate by means22-9 J U L 2002 of

het er o-epi taxial growth, using a CVD (chem cal vapor phase growth) nethod.
Wil e the SOS technol ogy is appreciated by many as one of the nost matured
technol ogies, it has not been commercialized remarkably 10 because it is
acconpani ed by nber of _dr awbacé:l?hci)gscléjgi ng. .t ener at ixﬁ}n%()f a large

an e
nurmber of cr ysfiﬁf’egg%ggsvaﬁéw% TArt9ce m 4 |ugpna&n LD R TS 4 % £ ace

of the Si Iayeﬁag?ggz Eg gggeglc%g}g‘#%%pﬁgi,{tﬁesi&sgrnaégadseh%e exi stence of

al umi num m xed Tn | ayer e Ssapphire strate originally

containing it, a highecesy Qécﬁﬁ%éeg&ggféwéo@(tg%‘%%@ RO UL AARIAR A i, to the

trend toward | arger substrates. eparation by 10on inplanted

oxygen) technokggy £hkeuRdohNgaSioi t&F b ogh &S fava 0 Heen vari ous
research efforts paid in the field of the SI MOX tTechnol ogy to reduce the
crystal defectsagad bheanBDufact dfyseh L asdpphiing mRidads den N nleandat e ot her
than the SIMOX technol ogy include a nethod of bonding a pair of wafers with
an oxi de fil m ofit bepesede@btakiakbgptavwsn, ammiinmla SIVIng arendicatll vppane  of
the wafers to leave a thin single crystal Si |ayer on the oxide film a

met hod of i npl Bhesagahgdibyenetiopd. f rgmi kehethe 'SGB Ferhpalogyods 3  surface
of an Si substrate carrying thereon an oxide filmto a predeterm ned depth,
bondi ng t he suBBPFaEsated ahnt RerY stdsanatf die MRET Feduneg of f the latter
substrate with a thin single, crystal Si. layer left on. 5 the oxide film
typically by rr‘é‘aﬁEHB%Oﬂé%g'tJrE ot \NGE‘EH‘Y tFRMRFSAE Fegrrkably

manuf actyri ng an SO sem conduct or_subst.rate by bondi a pair of silicon
wafers t b0eachbBEREPe Wt Eht an"PrLtR A1 Sh 1Y 13 T RS G d PHEASHS ween and

t hi nni ng one OI?‘.EFﬁ]d‘s"gﬁZHs‘%ﬁ@%ﬁ%ﬁa%’?orgr&éj%%a}aﬁ?tehinn rJbielrmoq:.r c%&s%iall ayer on

the insul ation tTe _ bondi ng e silicon substrates can be
reduced and evgaeputli §i€dcdh ”l&@_@i&errﬁﬁﬁiﬁmﬁr&a Adrd the aduenseloe

affected typically by the operation of bevéeling the substrates.

of the Si layer and the underlying sapphire substrate,
the existence of aluminum mixed into the Si layer from

15 the sapphire substrate originally containing it, a high
cost of the substrate and a poor adaptability to the
trend toward larger substrates.

The SIMOX (separation by ion implanted oxygen)

technology followed the SOS technology. There have

20 been various research efforts paid in the field of the
SIMOX technology to reduce the crystal defects and the
manufacturing cost. The methods known to date other
than the SIMOX technology include a method of bonding a
pair of wafers with an oxide film interposed

25 therebetween and polishing or etching one of the wafers

to leave a thin single crystal Si layer on the oxide

film, a method of implanting hydrogen ions from the



15 Then, SO wafers under such conditions can beconme chi pped in areas where
the bonding strength is not sufficient and the surfaces of the wafggqupﬂmz
beconme danmged, if partly, by Si debris in_the course of manufacturing

sem conductor devices to reduce the yield S0 of manuf acturing high quality
sem conductor devices. To cope with this problem techni ques have been
devel oped for renoving silicon layers in areas showi ng a weak bondi ng
strength. For instance, Japanese Patent No. 2658135 di scl oses a technique

for preventing.q 25.CPRING PIEAONEA0N Loy ORRUEREDBchNSA SEELEONdUCt o

substrate conprising a sem conductor 1ayer on a support nenber by

mechani cal |'y gfiimitragaﬂbere@étt%&min%d9déﬁtehg pBRding4theeslBaeLakeedge of
t he support nenber by neans of a wheel having a el ectrodeposition surface

of dianmond. Howemeler RIUMYOFaitR! eekakednhibaBidagsbky €REl capddet or devices
require further preventive neasures for 5 preventing the appearance of fine

debris. FIGS. sidAddateughthdk ehihheiagaoenpapyitay diavapgs selenmshically
illustrate a silicon renoving process proposed by the inventors of the
present iswenttlen.oxHlda fildA shpisadnySOy sebstr afeh&apr epaaedehy.bondi ng 10
and et chi ng-back operations and conprising an insulation film2 and a
t hi nned silicon | ayrth3 theatebave methed of masupporuripgben 30IAn outer
peripheral portion of the silicon layer 3 of the SO substrate 5 has to be
renoved becausenigensyediorg sybsdagte Py RERRITg PnPRhkEt OpoFitdAONThe use of
echnique_for renmpving a silicqn |ayer

photol ithography is the nost popul ar, ) g
in the senicoﬁﬁ%%?%ﬁ1¥b6ﬁﬁ%¥6§§9rmﬁﬁﬁ s@fnt SPéEﬁﬁPaué}lﬁh PB?EEP§Fd!s
appl 1 ed 10 the At coh LG RunIRS bALCoR"dnk "GuRBRLLESPgI OT ST ot 18

10 produce a thin film or an Si layer on the insulation
£film, the strength of bonding the silicon substrates
can be reduced and even nullified in the peripheral
area as it is adversely affected typically by the
operation of beveling the substrates.

15 Then, SOOI wafers under such conditions can become
chipped in areas where the bonding strength is not
sufficient and the surfaces of the wafers can become
damaged, if partly, by Si debris in the course of
manufacturing semiconductor devices to reduce the yield

20 of manufacturing high quality semiconductor devices.

To cope with this problem, techniques have been
developed for removing silicon layers in areas showing
a weak bonding strength. For instance, Japanese Patent
No. 2658135 discloses a technique for preventing a
25 chipping phenomenon from occurring in a semiconductor

substrate comprising a semiconductor layer arranged on

a support member by mechanically grinding the outer



20 light so that only the photoresist on the portion of the silicon [ayer 3
to be renoved may be renoved. Thus, a photoresist mask as shown in fngLQ@?
is produced. Then, as shown in FIG 13C, the exposed extrene end portion o
the silicon layer 3 showing only 25 a weak bonding strength is renoved,
usi ng the remai ni ng photoresi st as mask. Thereafter, a correspondi ng
extrenme end portion of the insulation film2 |ocated 29J UL 2002 - 5
under the silicon layer 3 is renoved. A wet etching techni que using

hydr of | uori c %%Fg%cﬁlg% Ege[%ggug%bgr@rrﬂgﬁggg £ rmégl@vg,flga part of the

insulation fil'm s not damage the underlying 5 support

nmember 1. Si negddie nRti R Ghid1@REOBPSsREQERCHSrE86E rOPI &fdddhat he
insulation film2 is also etched in an upper portion of its outer periphery

| ocat ed under Higaid,i ¢A/HIFY 8htd3gha tBAOHUER-ABnENEET Sathi@sn@hows i n FI G
13D. The silicon renmoving 10 process is conpleted when the photoresist is
renoved (Fl G d3B)ceslhusiuiaepauirpheraprpoeht e ohedderss | £@on | ayer 3
showi ng a weak bonding strength is renoved. Note that, in the above

il lustrath on grevern$3Angl ShsubkppeatrenSepprépiind dgbbbmndi ng and et chi ng- back
operations, the support nenber 1 and the insulation film2 are bonded

t oget her al ong t heiFrIGSht dPaddrovghhaBEacfothe opceopmparying dzayiorodilm 2
| ocated directly under the renoved extrene_end portion of the 20 silicon

| ayer al so ha$demedicadpved  IHGRERER, 2oft1GAN kR @ REFRATT on of the

silicon layer 3 showihg a weak bonding strength is renpved, the remaining
silicon |ayer %ro@&?egeg’(?rré:h& &I‘?é(&nltélfgraifl §h%h%ﬁe%e‘&ibr’r%‘é‘?fbw(ﬁ‘h'g extremne

end 25 portio i nsul atio ilLm 2.1 ocated under e siligcon | ayer 3
isr erm\eed tor}r}(rgddhgz‘ fﬁ‘oﬁqﬁdgpcgf)&t ﬁgbétg %? hgtp’f‘ﬁ%a%%cﬁ QFY %“%h’%q al yend
ortion.@f th i1 ~ =~ - . t on the undercut
\FI)\,i |1 beclg)rre o%éﬁlgr@gﬁg_%g?kbggggg%g?ﬁgl ?SdT{%ﬁg%%@%vﬁhangi ng outer

peripheral endRent@mofeitife 2sbhicanthangea 3sEalcoyerduat |y @iee rise to a
chi ppi ng phenomenon and 5 produce debris. SUMVARY OF THE | NVENTI ON Thus, it

i s the object adfe tddempeseNnta isupebiitOnehbePr DVi d&n sowest GaligHeyalsubstrat e
t hat does not produce 10 a chi ppi ng phenonenon, giving rise to debris from
t he portion of the silicon layer 3 of the SOI substrate 5
has to be removed because the bonding strength is weak
15 in that portion. The use of photolithography is the
most popular technique for removing a silicon layer in
the semiconductor technology. With such a technique,
photoresist is applied to the surface of the S01
substrate and the applied photoresist is exposed to
20 light so that only the photoresist on the portion of
the silicon layer 3 to be removed may be removed.
Thus, a photoresist mask as shown in FIG. 13B is
produced. Then, as shown in FIG. 13C, the exposed
extreme end portion of the silicon layer 3 showing only
25 a weak bonding strength is removed, using the remaining

photoresist as mask. Thereafter, a corresponding

extreme end portion of the insulation film 2 located



outer peripheral extremty of the sem conductor |ayer and al so a net hod of
manuf act uri ng such a seni conductor substrate. According to an aspe@ty gl bk
i nvention, the above 15 object is achieved_by providing a sem conduct or
substrate conprising a support nenber, an ?nsul ati on | ayer arranged on the
support nenber and a sem conductor |ayer arranged on the insulation |ayer,
characterized in that the outer peripheral extremty of 20 said
sem conductor layer is located inside the outer peripheral extremty of
sai d support nEnher and dife il 4, RST PGS alenexbiem by, gf Skd;ihgsul ation

n ot p y of sald

| ayer is | ocated Dbetwee e outer peripheral extremt

sem conduct or éé%sfﬁ{i@ed Jdialg %a&ﬁ.ifquw&eorahi@e%%%t%ﬁaaé fhat the outer
or t

peri pheral portion he sem conduct or substrate including said insulation

| ayer and sai ¢RI R0 eifiloyledly Fors hawsva ngt gRRed opr @bkl eénsu1dtfod U L
2002 According to another aspect of the invention, there is provided a

met hod of manufiact W ivetatusee THC ardidC o SuhsibeattBehavidaglgifagpport menber,
an insulation | ayer arranged on the support nenber and a 5 sem conduct or

| ayer ar rangedsuppdidte nigmdidratli.on Siayer thehaeaceechiad byoceapri si ng steps
of renoving an extrene portion fromsaid insulation |layer and al so an
extrene porti @rdoegdssdisthtzopiceddyct dhel apsnlagias tfolmakeibothsbhe outer
peripheral extremity of said 10 insulation |ayer and that of said

sem conduct or qfa%)‘@g/ti@ Fe upPere orvdPae ofhd tsurutegePppheharyextremity of
sai d support nenber and renoving an extrene paortion fromsaid sem conductor
| ayer so as t 0-IRIEEd NOGH dhepEildrerat a¥REr énitPy PPIRGPd2Beni conduct or

|t at i on' | aySHER Go A SRR A SdFet ABEe hADPnG o CoRf FOUPEL AN o
I nsulatiron | a . Cc n n as
d ib b har dl h [ ofile § h t
per i phor sl “extP SRy A TOTABRa IERT] § ol ok PRE AtedF o PrEyes

occurrence of (eh]xaﬁ_i ARIENg phenomenon to a great extent if the insulation
| ayer is laterally etched in the manufacturing process. Additionally, since

the portion of the g, cangustiphesulsbbatechhatt thawsiaiueakiheadi 99 25
strength is renoved, the production of debris fromthe peripheral area of
t he substr at e shidvinge ariveiak petding? s8rénbgth 2802emoved.
Note that, in the above illustration of an SOI
15 substrate 5 prepared by bonding and etching-back
operations, the support member 1 and the insulation
film 2 are bonded together along their interface so
that a portion of the insulation film 2 located
directly under the removed extreme end portion of the
20 silicon layer also has to be removed.
However, once an extreme end portion of the
silicon layer 3 showing a weak bonding strength is
removed, the remaining silicon layer 3 can become
etched laterally when a corresponding extreme end
25 portion of the insulation film 2 located under the

silicon layer 3 is removed to produce an undercut there

so that the outer peripheral end portion of the silicon



8 BRI EF DESCRI PTION OF THE DRAWNGS FIGS. | A and 1B are schematic views
of an enbodi ment of semiconductor substrate according to the |nven2 0 0
FIGS. 2A, 2B, 2C, 2D, 2E and 2F are schematic views of another 3| n
of sem conductor substrate according to Th® Tnvention, show ng different
manuf acturing steps. FIGS. 3A, 3H, 3C, 3D and 3E are schenatic views of 10
still another enbodi nent of sem conductor substrate according to the
i nvention, show ng different nanufacturing steps. FIGS. 4A, 4B, 4C, 4D, 4E

and 4F are schenatic vi |II t her s _of seni.conductor 15
?Her ocC ed on Iﬂg uﬁﬁg}cd% ?qg gﬁereg ogerﬁ gé 8 8

substrate acco Ag TO € inventi on, sHhowi 1 At nanu turlng

steps. FIGS. @gbr%srgmnd}% %TCP 1D, n ORH %ngw@lggagggnécgggay c views of

still anot her semi conduct or substr at cording to the

i nvention, 20 showing i férﬁd%rmwfoafctﬂwel B9 1968pS1aFEESs 64n 6H, 6C 6D,
6E and 6F are 'schematic views of still another enbodi ment of sem conductor

substrate accaswhighdiay hpidevardd adb =S kowppd ndi bhensnknsRNEhAact uri ng
st eps.

5 produce debris.

SUMMARY OF THE INVENTION
Thus, it is the object of the present invention to
provide a semiconductor substrate that does not produce
10 a chipping phenomenon, giving rise to debris from the
outer peripheral extremity of the semiconductor layer
and also a method of manufacturing such a semiconductor
substrate.
According to an aspect of the invention, the above
15 object is achieved by providing a semiconductor
substrate comprising a support member, an insulation
layer arranged on the support member and a
semiconductor layer arranged on the insulation layer,
characterized in that the outer peripheral extremity of
20 said semiconductor layer is located inside the outer
peripheral extremity of said support member and the
outer peripheral extremity of said insulation layer is
located between the outer peripheral extremity of said
semiconductor layer and that of said support member so
25 that the outer peripheral portion of the semiconductor
substrate including said insulation layer and said

semiconductor layer shows a stepped profile.



25 FIGS. 7A, 7B and 7C are schematic views of still another enbodi nent of
sem conduct or substrate according to the invention, show ng di f f er ehf JUL 2001
manuf act uri ng st eps. 29J UL 2002 g FI GS. 8A and 8B are schenatic
views of edge etchers that can be used for’ the pur pose of the present

I nvention. FIGS. 9A and 9B are schematic partial cross 5 sectional views of
still another enbodi nent of sem conductor substrate according to the

i nvention. FIGS. 10A and 10H are schematic partial cross sectional views of

a sem conduct or SLﬂEgéég&i ﬁ%f%%gtB%E %@?e@%rﬁQS%hgfiﬁ?gﬂ@ﬁ%ﬁ9”' 10 FI GS.

11 and 12 are schematiCc pa cross sectional "views of sti ot her

enbodi nent s 0ftﬁé¥g‘%H“B%Hd%aeﬁuQshb%h%da%@ohghﬁgaEQuEEH igyention. FI GS.
13A, 13B, 13C, 13D and 13E are schematic cross sectlona? views of a

seni conduct or susidrfifatold sultewrdgedhblengnt sligpsref mamkapwnapet hod of
manuf acturi ng a sem conduct or substrate. DESCRIP?FCN OF THE PREFERRED
EMBODI MENTS ( Hidsitl fiieadilsl) arranged on the support member and a
5 semiconductor layer arranged on the insulation layer,
characterized by comprising steps of removing an
extreme portion from said insulation layer and also an
extreme portion from said semiconductor layer so as to
make both the outer peripheral extremity of said
10 insulation layer and that of said semiconductor layer
to be located inside the outer peripheral extremity of
said support member and removing an extreme portion
from said semiconductor layer so as to make the outer
peripheral extremity of said semiconductor layer to be
15 located inside the outer peripheral extremity of said
insulation layer.

A semiconductor substrate having a configuration
as described above can hardly produce an overhanging
profile for the outer peripheral extremity and

20 consequently reduce the possibility of occurrence of a
chipping phenomenon to a great extent if the insulation
layer is laterally etched in the manufacturing process.

Additionally, since the portion of the
semiconductor substrate that shows a weak bonding

25 strength is removed, the production of debris from the

peripheral area of the substrate will be minimized.



20 FIGS. 1A and 1B are a schematic plan view and a schematic cross .
sectional side view of a basic enbodi mrent of sem conductor substratgg juiL 2002
according to the invention. In the sem conductor substrate 5 of this 25
enbodi ment, the outer peripheral extrem Ty8 3A of the sem conductor |ayer 3
is located inside the outer peripheral extremty | A of the support nenber 1
and the 29 J UL 2002 - to outer peripheral extremty 2A of the
insulation layer 2 is | ocated between the outer peripheral extremty 3A of

Sopport monberbaten WiseRr ARy W Hates DR o T on 0 b the
enbodi nent |nclud|r§&¢§p ﬁgg&ﬁpgﬂy%P% Skﬁgﬁ % agge%ge kngHIatlon | ayer 2
ifica

shows a stepped profi re spec e bottom of the outer

peripheral extd @4t (de SGMCHRAGILLY shm%a%eaa@!cwelhgptef thde outer
peri pheral extremty 10 of the insulation |ayer 2 are offsel relative to

each ot her by gwheitZental distance d so that, unlike FIG 13E, the outer
peri pheral extremty of the sem conductor Iayer 3 does not show an

over hangimg profil erzds. atderzpyrats, 2ohe 2gnbadi zenhrBaschehgtiace 15 with
width d on the outer peripheral portion of the insulation |ayer 2.
Ther ef ore, thevintiseroHeaingtiesalemdddimeantty odf seheceaducondustbstrayer 3 can
hardly give rise to a chipping phenomenon and debris. For the purpose of
the inventionaddmrdupgpore Q6 mmveertion, s spoefiogabliyfersubstrate made from
a preformof a sem conductor material such as Si, Ge, GaAs or InP. In
particul ar, Slmwfeﬁ%tla?@q:)r%‘%bly used. For the purpose of the
invention, the insulation |ayer is preferabl}é made of an insulatin

material such 25 ad % ¥ o8-dé%r 38 BPEoRENPERI ﬁﬁhePBFl?h‘él%‘&?p%Ee of

the invepfion, tie sgm.qNduchahdhg o' 8L&4ABLYLERER! LiBScflcloast a
according to the invention, showing different
manufacturing steps.

FIGS. 4A, 4B, 4C, 4D, 4E and 4F are schematic
views of still another embodiments of semiconductor

15 substrate according to the invention, showing different
manufacturing steps.

FIGS. 5A, 5B, 5C, 5CP, 5D, 5E, 5F and 5FP are
schematic views of still another embodiment of
semiconductor substrate according to the invention,

20 showing different manufacturing steps.

FIGS. 6A, 6B, 6C, 6D, 6E and 6F are schematic
views of still another embodiment of semiconductor
substrate according to the invention, showing different
manufacturing steps.

25 FIGS. 7A, 7B and 7C are schematic views of still
another embodiment of semiconductor substrate according

to the invention, showing different manufacturing steps.



29 J UL 2002 - 11 layer of a material selected froma group of

sem conductor materials including Si, Ge, Site, SiC, GaAs, GaAl As, 1%BUadN?
GaN. For the purpose of the invention, the horizontal 5 offset dis
preferably not less than 2 microns, nore pteferably no less than 2 mcrons
and not nore than 1,000 mcrons. For the purpose of the invention, the

t hi ckness of the sem conductor |ayer is preferably not I ess than 10 10
nanoneters and not nore than 10 microns, nore preferably not |ess than 10

nanonet ers and not FRYe t ar;m%l 'c%(}gssgﬁ%&g%gg g#%{ggs?foédége i nventi on,

the thickness of the T nsulation Tayer i erab ot | ess than 10 15

nanometers ang, e W, %nl%e%%rean%ormhahgnggrs%ébw pRL pessehan ZO

nanoneters and not nore than 2 mcrons. For t ose of the invention, a
process conprijsiJihtadendi ng step is preferably used for 20 preparing an
SO substrate 5 before processing the outer peripheral portion thereof.
Speci fic exanpl es afigmnWracind omg apeoeeremultat paptheluseds&or the purpose
5 sectional views of still another embodiment of
semiconductor substrate according to the invention.
FIGS. 10A and 10B are schematic partial cross
sectional views of a semiconductor substrate prepared
for the purpose of comparison.
10 FIGS. 11 and 12 are schematic partial cross
sectional views of still other embodiments of
semiconductor substrate according to the invention.
FIGS. 13A, 13B, 13C, 13D and 13E are schematic
cross sectional views of a semiconductor substrate,

15 showing different steps of a known method of

manufacturing a semiconductor substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(First Embodiment)

20 FIGS. 1A and 1B are a schematic plan view and a
schematic cross sectional side view of a basic
embodiment of semiconductor substrate according to the
invention.

In the semiconductor substrate 5 of this

25 embodiment, the outer peripheral extremity 3A of the

semiconductor layer 3 is located inside the outer

peripheral extremity 1A of the support member 1 and the



of the invention include the methods described in Japanese Patent No.
2608351 and U.S. Patent No. 25 5,371,037, Japanese Patent Appli catiyan gL 2002
Lai d- Open No. 7-302889 and Japanese Patent Application Laid-Cpen No.
5-211128 and U.S. Patent No. 5,374,564. - 12 ¢ J Ul 2002 - 12

Particularly, both the nethod di sclosed in Japanese Patent No. 2608351 and
U. S. Patent No. 5,371,037 and the one disclosed in Japanese Patent
Application Laid-Open No. 7-302889 conprise steps of 5 preparing a first

menber having a porous single crystal, sem conductor, | ayer .and.a_non-por ous
singl e cryst al°%¥H m%?ai fs%?eri@ﬁg ogai%g‘ef FP?PXH'EﬁBBr 18¥8%a%second
member wi th an | nsyl atlond.avel, HLTRAssd Lisrabelyean 58,38t 9 ppaduce
mul tilayer structure WER sal & por ous sPng e crys al"s&mi>coRduct or

| ayer |ocated %rg%/;s?e%%%d fd ‘{cimr}]% 23 & o Qﬂ%ogﬁtékgg!sgig%%i"

sem conduct or roms iTayer structure. em conduct or

| ayer contai n,sildeon, and S thRS Qbddia aReKe- et bedenaanthe Bsed.to

prepare 15 an SO substrate containing silicon single crystal whose

crystallidqiity jesr@asmepdeldantias ihals ahed ctibbghifeaky shah uaahgr théhe net hod
di scl osed in Japanese Patent Application Laid-Open No. 5-211128 and U. S.

Pat ent No. 20 dendichrihanyirasas 3Staeids thke iasnilagiansiikiyeen20xhdaesl ayer on
the surface of a single crystal silicon wafer substrate, inplanting either
hydr ogen gas i@orstappadmerafdsid.ondone spelod fuwabdlyf r shet betspdeodf the
silicon oxide |ayer, formng a mcro-bubble layer in the single 25 crystal
silicon wafer, thRMHtRF ther Rl exdremidy obdbshrasemdpsepdurigras support
menber at the side of the silicon oxide and then segar at i ng t he bonded 2

9 J U1 2002 -lawer kg dihss tanomf (e RAuERS- BEEBPBeFayePEEESPLGuce an
SO subst ate.%%'t@{l, f hi@é%é}l@gi _bstra;e may ?g u%ed ﬁo Erep?reea
seni condutt or Fubsts at¥ WEF 4b6VE By PEFerPIRGIVE £Re®PPPst
3@”?2? im:“t of difi: BEY 121 a3 s38MEORIUE! @hael §h1 SHENFRE 2N S
13E, the outer peripheral extremity of the
semiconductor layer 3 does not show an overhanging
profile. In other words, the embodiment has a terrace
15 with width 4 on the outer peripheral portion of the
insulation layer 2. Therefore, the outer peripheral
extremity of the semiconductor layer 3 can hardly give
rise to a chipping phenomenon and debris.
For the purpose of the invention, the support
20 member 1 is preferably a substrate made from a preform
of a semiconductor material such as Si, Ge, GaAs or
InP. In particular, Si wafers are preferably used.
For the purpose of the invention, the insulation
layer is preferably made of an insulating material such
25 as silicon oxide or silicon nitride.

For the purpose of the invention, the

semiconductor layer preferably comprises at least a



used as starting material of an SO substrate prepared by neans of_ a
bondi ng technique, it should be noted that the wafer is bevel ed bot % JHt Ne
top and at the bottomof its outer peripheral extremty. Therefore, 10 in
the SO substrate the outer peripheral éex Heﬁity of the sem conductor |ayer
(or the insulation layer) and that of the support nenber may be offset to a
slight extent before being subjected to an operation of processing the
outer peripheral portion thereof 15 according to the invention. Then, the
outer peripheraly 8ordt ob pdeddi o 'ﬁ@%@l&ctf%m_sgbg%a eolgncl uding said

i nsul ation | ayer” and sal d sem conductor layer is processed to show a
stepped profil&Rf-Gefic{sOMAtdT a1  ided ubBng2@1Teghni gues, that can
preferably be used for the processing operation include wet or dry etching
usi ng an et chidgwghfpstarrKk poids i cawch as chem cal nmechani cal polishing
(CWP). Hoth the outer peripheral portion of the 25 sem conductor |ayer and
that of the insul atFen tiey gurpsd e Hridecdsedentaonhowhe haperedtal sl oped
profile in such a way that the top surface and the | ateral surface 2 91J
UL 2D02 5 14 ofifesed istmrefotaldacmodt Aesswithhnal® amgkengr embee t han the
right angle as wll be described in greater detail hereinafter. If the

seni conduct or pudttrahly ino tiedske Waghéd micrenshenwdanstepped phohile, the
etching process may be that of wet etching or that of dry etching. For
etching the silJQﬁﬁ:W%ﬁﬁﬁqsfor exanple, a m xture solution of hydrogen

fluoride and nitric acid or TMAH (tr} th,IannDniunh&ﬁrox'de% may be used
as et chant 10 when EPReINORIBRFS QhAPRUSTVEREIRR, THEr LASCERPSY| N6, OFd
or SF6 may be_H§ed as.q%qPQgg wﬁgnea qr el ggngltecg@iggg i%hgge o

he' 5195 S Oxi epF|%n1?|n¥ [ P a

Simlarly, for &t chinhg i COH -OxXi uf'ati on-tayer 2))

hydrof | uggi ¢ ael,ehRolditd Al PTndt HYLRdnNY B Al EUBREC Agtkd sol ution may 15

popul arl’y be used in a wet etching process, whereas CH3 nay be used in a

dry etching processraie f3€hidid e Tay nReoheebkePhhdOho8Nh8PEI OPi €. An
i sotropic etching process, an edge etcher and an edge polisher may

preferably be isa¢d 2 anixrasress the 20 sem conductor |ayer and the insul ation
| ayer to nake them show a tapered profile for the purpose of the invention.
The foll ow ng enbodidenitse gnecpeel icfedhby impdntybng the ahovkendescofbed
first enbodinment in 25 various different ways. (Second Enbodi nent)
the insulation layer is preferably not less than 10
15 nanometers and not more than 10 microns, more
preferably not less than 10 nanometers and not more
than 2 microns.
For the purpose of the invention, a process
comprising a bonding step is preferably used for
20 preparing an SOI substrate 5 before processing the
outer peripheral portion thereof. Specific examples of
manufacturing process that can be used for the purpose
of the invention include the methods described in
Japanese Patent No. 2608351 and U.S. Patent No.
25 5,371,037, Japanese Patent Application Laid-Open No.
7-302889 and Japanese Patent Application Laid-Open No.

5-211128 and U.S. Patent No. 5,374,564.



The foll ow ng manufacturing steps may wel |l be used 2 9J UL 2002 - 15
for the second enbodi nent. Firstly, an SO substrate 5 is preparedi,as;gh
in FIG 2A by neans of a bonding technique.. The SO substrate 5 co%@rﬂ@e@mg
support nenber 1, which is a single si |l icort Substrate, an 5 insulation film
2 fornmed on the support nmenber 1 typically by nmeans of a dry oxidation
techni que, using only OZ gas, or a wet oxidation technique, using steam
and a sem conductor (silicon) layer 3 epitaxially grown on the insulation
film2 by nmeans of i(qrgpl I Eg%ﬁﬁy%g’ %RBE'EEQngsJBeQn an etching

I's Tor y

mask of phot oresi st d on the silicon’layer I'n order to renove a

portion of theySildLon dAxelt ‘?\Iot.h"%%da,%ﬁllo%ﬂheg.g% bheeAHtRE . peri pheral

extremty thereof on the insulation film?2 an ows a weak bondi ng

strength 15 (H G2Bloa7Thein tHee ovd igaeri1barar i3 bapghebsdpheeherove the
outer peripheral extremty thereof, using the photoresist 4 as mask (FI G

2C). After rempgingdtivrphelidg-epest Nd. FRaDOBESI sbmprisSeappbpedoanew for
etching the insulation film2 and subjected to a 20 patterni ng operation
(FIG 2D3 To pmegldviaga dicdsthgendleachiaviihg Bopotrbesi ssoghei onysthin 2
relative to the underlying support nmenber 1, the insulation film2is

et ched by nearsemgfcansiucdioghilimyerusingg ahypdnepbyuonscsangleasresthant. Wil e
wet etching may inevitably be 25 acconpani ed by side etching, this problem
can be bypasse&gmrondusiomd ayies . mbokddngessiiansisat a8enbert andtah t he
portion of the insulation film2 located 2 9 J UL 2002 - 16 directly
under the siliSSGPNGayEmber with pa dRgeletioprleyeDEfntEFRRAFRY, an SO

substrate having a,cross sectional view as sho in FIG 2F wll be
obt ai ned by r SHBFORE RSN SEt HPed0s PTBIUREL 8 PHAFLHBYR: t FETUCEEE o esi st 4

and t he jphot OrwelséhSts)?g_g%nggo%f u%h%i%hgire”éﬁsg%ii Sé&{fcéélcﬁ’g?&%ﬁo{a%gﬁ

ordi nary negative t) pul-ar exarple ot oresi st e posSitive
type i s novol algd=83igh ih@éhe%ﬂdb%eﬁa%‘ih@dEQYdSHbHﬂbBEoué nsphgee of

patterning the applied photoresist, a nas
crystal semiconductor layer from said multilayer
structure. Said semiconductor layer contains silicon
and either of the above methods can be used to prepare
15 an SOI substrate containing silicon single crystal
whose crystallinity is as excellent as that of a single
crystal wafer.
The method disclosed in Japanese Patent
Application Laid-Open No. 5-211128 and U.S. Patent No.
20 5,374,564 comprises steps of forming a silicon oxide
layer on the surface of a single crystal silicon wafer
substrate, implanting either hydrogen gas ions or rare
gas ions into the wafer from the side of the silicon
oxide layer, forming a micro-bubble layer in the single
25 crystal silicon wafer, bonding the wafer to another

substrate operating as support member at the side of

the silicon oxide and then separating the bonded



10 may be bonded to the silicon layer 3 so long as an etchi ng mask gg
appropriately placed in position. The nethod of preparing an SO su t#”uumz
5 for this enbodinment is not limted to the above descri bed one, which may
be repl aced by sone other appropriate 15 m8tkod. (Third Enbodi nent) FIGS.
3A through 3E schematically illustrate a third enbodi mrent of manufacturing
an SO substrate according to the invention, show ng different 20
manuf acturing steps. Firstly, an SO substrate 5 conprising an insulation
film2 and a silicon |ayer 3 arranged on a support nenber 1 is prepared
(FIG 3A). Photwhsiates; alongpiiedisiosbukblsolaggbstPapEcdugndasubj ect ed
to a patternigﬁﬁpperation to make it show a 25 desired pattern (FIG 3B)
Then, an extr siPHration harhe Wils 894 BHPELTaItENHaNI 88 AReextPene end
portion of the insulation film2 are etched out % S ~U~ %00% - 17
successi vel y (BB VL T SHESEEREFoRSOFCPREIRRT @BAVEDEr 3 and
that of the insulati.on film.2 onh the support nen?e%hl t hat _are not covered
Then

i
to th t =) ngion, .
by the photor esT et 4w e G enpved SicEESSIVE {/‘ after 5 7 8movi ng the

photoresigt 4, a”Otv&}ﬁén AU &ty AR Gabef L8choLOEdn %ﬁ‘[ﬁaf@?“ﬁg be

taken to make sure that the outer peripheral extremty o IS resist

pattern is | oqadef €ty AY@riRer okhahakoextnegtiytafl ptdgafédst
resist pattern. Note that, the first photoresist 10 4 does not necessarily

have to be rempvedbdnl dmya riadicedcsnighat itSshoundapy hoteai s | ocated
inside the original boundary |ine w thout applying photoresist 6 anew to
give rise to arsanected fvecfier BlsGbedB)ledThenh anl yhantept asdeatntheorti on of
the silicon 15 layer 3 is etched out to make the outer peripheral extremty
of the silicorpdtahmr & dffssetutferopertigheshlt Betrasutat i ofihéréfiore(FI G 3E).
Wi I e photoresist is used in the above descri bed manufacturing nethod, a
semi condiftt or Fupdie &Y DREEEHE et OutRE PRYERREBHAL cartpeMpEBdREed

wi t hout using a photolithography process agd the etching o er?tion may be
conduct ed by na¥kiFRFAIRMIERort e85 PAt &NBy1RERART P ol BpE) and

Al ternatively, heral area of the_silico rate e etched

25 stepw se b}”%ggﬁggé#&hﬁﬂgﬁ§5*éﬂFﬁ Pt RaY F§.3g5%$53£?oaefgﬁg%€ obj ect
oo et Bk i) AL epRancgl bheotsnsbong 48 F1C 27y
of an edge poldsh@ssillepwtHd Jotedip@®Abheral portion thereof
15 according to the invention.
Then, the outer peripheral portion of the
semiconductor substrate including said insulation layer
and said semiconductor layer is processed to show a
stepped profile as seen from FIGS. 1A and 1B.
20 Techniques that can preferably be used for the
processing operation include wet or dry etching using
an etching mask and polishing such as chemical
mechanical polishing (CMP).
Both the outer peripheral portion of the
25 semiconductor layer and that of the insulation layer

may be processed to show a tapered or sloped profile in

such a way that the top surface and the lateral surface



FI GS. 4A through 4F schematically illustrate a fourth enbodi nent of

manuf acturing an SO substrate 5 accordi ng to the invention, show rpg JulL 2002
di fferent manufacturing steps. Firstly, shovvn in FIG 4A, an SO
substrate 5 conprising a 2umthick |nsula on film2 and a 2pmthick
silicon |layer 3 arranged on a support menber 1 is prepared and then, as
showmn in FIG 4B, a 10 first photoresist 4 is applied onto the SO
substrate 5 and subjected to a patterning operation to nmake it show a

desired patterf s %E& reilc ©APIAUIRSS HAGHAnB1 B! ghbheod! Thiar to

that of the wa for the exposure and patterning operation, a

waf er edge 15_9%‘@ ﬁtséfﬁleén&d%mdbteod@%&%%egmﬁﬁ rES'thheé%lalﬁ’.O”'On
of the wafer is used to expose a circular zone |ocated along the outer

peri pheral extxeraiysOfed he support nenber and having a width of L1 to
l'ight for renoval in this enbodinment. 20 Then, as shown in FIG 4C, an
extrene end portion pftHd&dilde@udtaresudbsandtehat @b bbeekdrebatbon film
2 of the SO substrate 5 are etched successively. After renoving the

phot or esist 4,skowex crkbyrest grediidie, 6 the gpohied pmdcenkymaypbei phetal
portion of the 25 photoresist 6 having a width of L2 is exposed to |ight by
means of the vef eretedfechigsbar ehasodmdry pteddos-a pREt 8LEBLBY Bhtern as
shown in FIG 4D Thus, the 2 9J Ul 2002 - 19 outer peripheral
extremity of tHhelkRRDR¥Hot fossiesemelies PofdFEYTRNSPABTLRRL O8f the first

phot oresi st 4 by_a distance of L1) n_vi, w of fact that the width
accuracy of 5 k&mﬁ fgfu%ﬁ'd@r gﬁ“ﬁawt\ﬁi‘lcefa Cdger e;gggure systemis about

Olmm L1 and L2 ma refera spectively. Note
that the diffe enceey‘f)}p e lh‘%lrl %trg?{lggr)l pag’?]gfe é‘)%{afie%st 3% Baf‘%e first

phot or eSjbyt 4 and, thafeofe écglﬁn Gnel ARELOL €S| 8k 46 %ﬂ@r%gsbg pgduged

further using an i nprove ecl si on ‘exposure system for t e pattérning

operation. Howevepbr kf afma(gsfgs; reRiC £ QidMhrdeamande ary dsediher etching
the insulation filmof°Fl 4E, a phenonenon of side etching can appear to

an extent 15 egatiniiqud hes fuslem t hisekhAaeas 12udbrobttheéngnsnuéasi Dhchbhl m 2
when the insulation filmhas a tapered profile with a tapering angle of
about 45. Thusxide Silm dmsudpdriod dawelve 20nder bytirafltbeiboatdd when t he
width is made smaller than the possible extent of side etching 20 of the

i nsul ation filsaluginmpor ehéudtered hydgodduordcnakeddt APEUEROOANAENL

feasi bl e, the distance between the width of the first photoresist 4 and
that of Yhe s RUHH PHot Aedised 47 R2VEE) ofebdEIt BrBECHF eat BRTERAENCENe

extent of trmaégfk%e used in a dry etching process. The etching mode
may be isotropic or anisotropic.
An isotropic etching process, an edge etcher and
an edge polisher may preferably be used to process the
20 semiconductor layer and the insulation layer to make
them show a tapered profile for the purpose of the
invention.
The following embodiments are realized by
modifying the above described first embodiment in
25 various different ways.
(Second Embodiment)

The following manufacturing steps may well be used



25 etching of the insulation film2. Wiile there is no upper limt for the
wi dt hs, the nunber of devices that can be produced fromthe silicor} @dti v682
| ayer is 2 9J UL 2002 - 20 reduced when the widths are too |arge so
that, the widths should be greater than-51fi erons dependi ng on the accuracy
of the exposure system and preferably between 100 m crons and 500 m crons
when a wafer edge 5 exposure systemis used. Then, only the outer

peri pheral portion of the silicon layer 3 is etched out as shown in FIG A4E
and the photoresist 6 is renoved to conplete the operation of renoving the
outer periphef®* g&e iS6Fo00 eARCEMCRE - suBIFFELE. t 3 pPOHIREPHETR B i e as
shown in FIG 4F, where f is is about |.8mm.and.d is about

bout 2. OM [
198um W't h t HiSs PERPEdeTe Rt SgﬁVncﬁPpBFﬁg gﬁeﬁﬁnﬁﬁﬁsiﬁfﬁeb%‘?qli%n | ayer 3
and the insulation.film?2 of 15. S ubstrate 5 can reliably be
T evented 1 omaTRieny T0R BOE ERBSGFALALT PAMER LRI the angl e
of inclination of the |ateral .surf he.jnsu ' fil is made to 20
be smaller t hénr?"}q?gt %Of W%’ﬁg%l éfgeraasgga?{ea%g%éfgﬁh%‘%éée%n%%én’d[%:’% or |ayer.

FIGS. S5Ag hro‘igxféug_%ﬁ%erﬂtﬂncg' leprhbhUShr 8he aubhbid RuRodi rent of

manuf acturi ng an substr at
typically by means of a dry oxidation technique, using

only 0, gas, or a wet oxidation technique, using stean,
and a semiconductor (silicon) layer 3 epitaxially grown
on the insulation film 2 by means of CVD (chemical

10 vapor deposition). Then, an etching mask of
photoresist 4 is formed on the silicon layer 3 in order
to remove a portion of the silicon layer 3 that is
located at the outer peripheral extremity thereof on
the insulation film 2 and shows a weak bonding strength

15 (FIG.2B). Then, the silicon layer 3 is etched to
remove the outer peripheral extremity thereof, using
the photoresist 4 as mask (FIG. 2C). After removing
the photoresist 4, photoresist 6 is applied anew for
etching the insulation film 2 and subjected to a

20 patterning operation (FIG. 2D). To realize an etching
selectivity for the insulation film 2 relative to the
underlying support member 1, the insulation film 2 is
etched by means of wet etching, using hydrofluoric acid
as etchant. While wet etching may inevitably be

25 accompanied by side etching, this problem can be
bypassed by selecting the mask dimensions so as not to

etch the portion of the insulation film 2 located



according to the invention, show ng different 25 manufacturing stezl;@.
Firstly, as shown in FIG 5A, an SO substrate 5 conprising a sili HUL»ZBU@Ie
film2 as an insulation filmwith a thickr1 ss T2 of 2umthick and a 291
UL 2002 - 21 silicon layer 3 caith a thickness T3 of 2pm arranged on a
supporting silicon substrate 1 is prepared by nmeans of a bonding techni que
and then, as shown in FIG 5B, a first photoresist 6 is applied onto the
SO substrate 5 5 and subjected to a patterning operation to make it show a

desired patt er@irég&iﬂi&g@ 'éarle%tlaiéot;}e l%?tetxer:aniil}g iq,}qqrsahh(agrjc gconduct ed

by using a photoma aving a Iameter smaller than that of the wafer

by L2(=2. Om) @pfsa Af) Cond Qi 18} MdrAlsdio dupafcafcel Rawabenh seoklat only
the zone along the wafer edge with the width of L2 is exposed to |ight.

Then, as shownsddkfddal SEe®Hy dHrEX ¢1%.eng panti @ ebthhaesi biycon
| ayer 3 is etched out. If a wet 15 etching technique is enpl oyed, an

al kal i ne TMAH £ddidvEid i I mahy topdiditox .de NoddeC tiag  doltit ke or an et chi ng
solution of a m xture of hydrofluoric acid and nitric acid will suitably be
used for %he egtledtonpoiet ot iaand tHHe photicresdistel6 mayd beaodr yhet chi ng 20
technique is enployed, an RIE (reactive ion etching) or CDE (chem cal dry
et chi ng) syst epordiindripapreidrive bypgsed wift KheFordingEy gagatiiel e i sotropic
etching will take place in a wet etching system conditions adapted to

i sotropic et chF¥YRe shoulRPBIEL a5e| el ealoso ogegizy efchbrgPOFéti¥ganypl e,
an isotropic radical etchi nq%grlper,ati on can be realized in a parallel plate

reactive ion et¥Rf N SRIVARSTISEEafaSaindearPgadesl P¥ SPAPRANY-2 9 J U
L 2002 - 22 ﬁ{ectii C dci) chatrt%eé_pres ?’re of Sl%Pa §r(1) ad%gt %d tomreguce t he
mean free pat HdfPTHAs FnPHEFEE e TP5t EPB 18N PECEPERSAG T TRe™8EEhi ng
operati ofy, pro%ags%é’%cfrﬁféd % drRP 19016 '1>ég§9 5hat, 4RR! akewgl surface of
the silicon |ay is tapered wth an obtuse angl e between
etching mask is appropriately placed in position.
The method of preparing an SOI substrate 5 for
this embodiment is not limited to the above described
one, which may be replaced by some other appropriate
15 method.
(Third Embodiment)
FIGS. 3A through 3E schematically illustrate a
third embodiment of manufacturing an SOI substrate
according to the invention, showing different
20 manufacturing steps. Firstly, an SOI substrate 5
comprising an insulation film 2 and a silicon layer 3
arranged on a support member 1 is prepared (FIG. 3A4).
Photoresist 4 is applied onto the SOI substrate 5 and
subjected to a patterning operation to make it show a
25 desired pattern (FIG. 3B). Then, an extreme end

portion of the silicon layer 3 and also an extreme end

portion of the insulation film 2 are etched out



the lateral surface and the top surface, while angle AG is substantially
equal to 45 (FIG 5CP). At the sane tinme, a sufficiently large etchg jyi 2002
selectivity can be 10 secured between the rate of etching the underlying
silicon oxide film2 and that of etching tHe si l'i con | ayer 3 so that
consequently only the silicon layer 3 is so etched as to show a tapered
profile. After renoving the photoresist 6, a second 15 photoresist 4 is
applied to the wafer and only the zone along the wafer edge with the width

et ot "t naPP kA Ay Wedte! U 2 DA ATBal Ry AR BORLBHT o8 AT 1O

that of the f but greater than the Tatter mcrons to
produce a pat tgrned pholoresiet # A7 49310 the FhGuialiohf shini g 1. 992mm

the resist pattern of the phHotoresist 2 has the outer peripheral extremty
aligned with adi#fg dapootifdt he thatStrehaber eskst-cl Bpdtaeparat ed
fromthe latter by 8 mcrons. Then, as shown in FIG 5E, only the outer 25
peri pheral porgnstbrdsidie Sidde demwiede sickas2ioklyhe SGknsubsteate 5 is
etched out. If a wet etching technique is enployed, an etching solution
such as & 2 Sembidng 2002 phdDrdnifsfteded ampdhefr] pbpitorasidt( BelExesol uti on
will suitably be used for the etching operation. If, on the other hand, a
dry etching tezhis girrned enflangedhowd dRPE (tpEgDt teempBA &vEhi AgRtor CDE
(chemical dry etching) 5 systemw || popularly be used with CF4, CHF3 or Hz
gas. Wil e isdoihopetet Reifhanal cateepiive ofnthigeteeteli RGLEGEPem
conditions adapted to isotropjc etching should be ielected al so_for dry
é%ﬁ%? n

etching. For e&nmfedtes inghdsgine n§eSHBPErPdne¥kReBétY e8Fi 1B by wet

10 hi i N buf f d dr of | i i F | i il th
i1 con oxi de el FHUE AR (5 SFPGnt DR AESHnBRROr BoAEE
becones 15c51b5tiaz{“dc?ésl yrboem?écets%da%gti ﬁtavgh%oswtegglggefgaba@f Insg' tﬁﬁé ly Targe

etch selectivity can be secure etween the ra etchin

underlying silicApQxide didinidanduralyoh 1akChbngotheeai Lheone! aier 3 so
that consequently only the silicon oxide film2 is so etched as to show a

t apered profilerwidalangundd@®?, afind0 washshewapblykbhe photseasakso6Fl G S5FP).
20 When the silicon oxide film2 is etched to nake it show a tapered
profile in thermat ero peiviepheirsad ot issmewetflifeatngk 8I18G&230gual to 30, a side
etching of 2.8umoccurs to the insulating silicon oxide film2 having a
filmthickness of Zihan Tmmsly tare esitiriesenendyepriionnofsthe ghdléeent at the
bottom when the width is nmade smaller than the possible extent of side
etchi ng 16f thela¥sultioretghad put tp gakeythepggper pgripherdtore, in
order to make this enbodi nent feasible, the difference gLZ-Ll% bet ween t he
width of the f§¥itempHot Gleding 81409 Havest St RELSBELATOPNEPBFeSf st 4 needs

to be greater than the extent..gf (FIG. 3E).

While photoresist is used in the above described

manufacturing method, a semiconductor substrate

20 according to the invention can be produced without
using a photolithography process and the etching
operation may be conducted bf masking the silicon
substrate by means of a tape. Alternatively, the
peripheral area of the silicon substrate may be etched

25 stepwise by means of an edge etcher that is adapted to
etch an object only peripherally. Still alternatively,

a profile as shown in FIG. 2F may be produced in the



5 the side etching of the insulation film2. While there is no upper limt
for the widths, the nunber of devices that can be produced fromthq gs]l!]m_l gﬂgp
active layer is reduced when the widths are too |large so that, they shou

be greater than 5 m crons dependi ng on thé810 accur acy of the exposure
system and preferably between 100 mi crons and 500 m crons when a wafer edge
exposure systemis used. Finally, the photoresist 4 is renoved to produce a
tapered and terraced profile as shown in FIG 5F with 15 the angle AR of
30 and aterracetwidthig) f raced

0 .2um, Wth a mldl t aper and.te
Do tre ot Rehiprifeal BBl Betaland! Yol BROEEGSTBEILERLACST ||

subsequent cl afqﬁi and, oGl processes. Any undercut can result in
produci ng part?(i C efs]cq]partlo?d'l aﬁr% 20 when a chi ppi ng phenonenon appears to

the silicon layer Faud o thedtlgpang _@%h\éﬂh%ﬁcﬁl?g%lg{ééié?&ge a

satisfactorily. If the silicon oXide filmis expec econe a victim of

side etching, @l RGN BFeRRMRTaRta2ingeaRr SYENEEHsPYapEOVi ding a
| arge 25 difference between the width of the first photoresist 6 and that

of the serond quwirariesj Mo 4he0 inkahtienyndhbaiihgweuFdepestr to the silicon
oxide film Then, - 25-29JUL 2002 there will be produced a

sem conduct or msurhstacttue ingomteipese Fissltdyi oasf shawaniexFrened4sndaporti on
is renoved with a width a (=L1). (Sixth Enbodinment) 5 FIGS. 6A through 6F
schemat i cal | y §SQ7 wthsHivate $i conpedisdoonentrof thaskf desul #hgoant Son
substrate according to the invention, show ng different nmanufacturing
steps. Firstly Showh ithickgsigAconan lgYRPrch EFanEeedrOn 28 0FWpPSEF
substrate 5 conprising.a 10 ZOOnEthi ck silicon oxide film2 as an

i nsul ati on fi MF"A%F & JG0RTEPRFER &nfi EBR™Y af8r SROYR r ingelCon?Br s@pporti ng
il bstrate 1 i d,b . of i hni .. Then,
Shown | AUE G B85t B eRISE @aye SEBL4S3500b0I ok St cohetSaFS hnst rat o
5wthth f .t LaeG i k
Cape 14w th AT SUPacteln 6 b BEREAIRE URLLIR £) fEG"EE Mnod! e
embodi NeNt . Theme AS PR telnFk Brc6Cashhe AXLIENE SRG:ARELE ORa®Ing he

silicon layer 3 and that of 20 the insulation film?2 are etched ou
successi vely. allp@ofile similar to that of the wafer may be used for
the exposure and patterning operation, a wafer edge
15 exposure system adapted to expose only a peripheral
portion of the wafer is used to expose a circular zone
located along the outer peripheral extremity of the
support member and having a width of L1 to light for
removal in this embodiment.
20 Then, as shown in FIG. 4C, an extreme end portion
of the silicon layer 3 and that of the insulation film
2 of the SOI substrate 5 are etched successively.
After removing the photoresist 4, a second photoresist
6 is applied and only a peripheral portion of the
25 photoresist 6 having a width of L2 is exposed to light

by means of the wafer edge exposure system to produce a

photoresist pattern as shown in FIG. 4D. Thus, the



| ateral side of the insulation film2 and that of the silicon layer 3 are
made to show an acute angle of inclination by controlling the duratli®dUlof002
the etching operation. 25 Then, after peeling off the nask tape 14 by neans
of a tape peeling machi ne, another maskt éﬁe‘lG with a diameter of e.g.
196.Otmis applied onto the wafer with 29 J UL 2002 - 26 the center of
the mask tape aligned wth that of the wafer as shown in FIG 6D. Thus, the
first mask tape 14 is arranged inside the second mask tape 16 and offset by

0. 4mm at -any %‘?Jtt@r %%Jitcp%e‘}%tlfreﬂ%g\% ;y)sf?gx?ic,?eﬁééﬁ?ﬁkgtgggg?%ﬁd in view

of the alignnent accuracy o he tapé a e expec ?o be

used. For thi s Lubadidiitindiad $raRout IngMirkt BnbaBecapRLi gapprsmachi ne
with a better alignment accuracy I1s used, the difference (L2-L1)" between
the 10 width of;idthezongs emesad fromthe first mask tape 14 and that of
the zone exposed fromthe second mask tape 16 can be further reduced. Wile

there is no upper lidrividrloft kthenifdichs thel, the) witihr ageheacofodevi ces that
can be produced fromthe silicon active layer is 15 reduced when they are
too | arge so tdhaiosudev s hmulardieahet wadarl8dgeceapssand dystéhi pet er
dependi ng on the accuracy of the tape applicator machi ne and preferably

bet ween 100 makrarts HndmeQ0 Idi andnd.2i magr aceifeabbligebe dhent as8shown in
FIG 6E, only the outer 20 peripheral portion of the silicon layer 3 is

et ched out andndhé Ak negrects vied YypeeNegeotthaby theafsféeraneape peeling
machi ne to produce a stepped profile for _the outer peripheral portion of
the SO subst Rf¥esd HGuPUteTFPErigberasd QRtrenifg AL ghe Bfrg'ﬁe st eps

cannot be redug_gﬂ%sc;to t.h I4eveld f sever m_crong unlike the case of using
hot or esi st bECHRE 5t nel ARV S EpbP REERFcH BFoTo5T8t56 ot 2007
10 be reduced further by using an improved precision
exposure system for the patterning operation.
However, if an isotropic etching technique is used
for etching the insulation film of FIG. 4E, a
phenomenon of side etching can appear to an extent
15 equal to the film thickness (2um) of the insulation
film 2 when the insulation film has a tapered profile
with a tapering angle of about 45°. Thus, the silicon
layer 3 can be undercut at the bottom when the width is
made smaller than the possible extent of side etching
20 of the insulation film 2 (2pm).
Therefore, in order to make this embodiment
feasible, the distance between the width of the first
photoresist 4 and that of the second photoresist 6
(L2-L1) needs to be greater than the extent of the side
25 etching of the insulation film 2. While there is no
upper limit for the widths, the number of devices that

can be produced from the silicon active layer is



- 27 the mask tapes 14 and 16, the cost of the mask tapes is as Io¥/~@
about a half of the cost of using photoresist, including the cost o 9t 2002
devel opi ng sol ution, and hence the technique of using mask tapes 5 provides
remar kabl e practlcal advant ages over the-e2@hing technique particularly in
view of the fact that the tape applicator nmachine and the tape peeling
machine are | ess costly than a resist coater and an exposure system 10
(Sevent h Enbodi ment) FIGS. 7A through 7C schematically illustrate a seventh

enbodi mrent of nm ufa tu |ng n SO substrate cordl t.o the invention,
showi ng differé ﬁgW§9EE§ a??rg??sfaE%?s widtr AiRE 7A, an 15
8-inch (dlaneter, Q0 substr r|S|n OOn thick silicon
oxide film2 a¥ gﬁ%inggk ?IOH “ rea andég hre %I |con§1ayer 3
arranged on a sypp Al £CRALS r s of a
bondi ng technléu% %%%MT%S bthg SIFQQ%%@%§y§¥é§mPeﬁRﬂéﬁggﬁyéﬁﬁ trate 51is
etched by meangeqf,edn’ 9bar mlweﬁssgﬁ@ts@@lgﬁl@f&k@rwﬁ&ap& Qch A vaf ers
on a sheet by sheet basis and having a configuration as shown inFIG 8A

Such an edge ek&pecure d9seembed LBedapanese Patent Publication 25 No.

7- 15897 and conprises a roller pad 7 so that the wafer is etched as the
roller pad 7 soakedThehl) ehtki BResoltéi Opet SpidEss asbAgidmsif ithe During the
et chi ng Z s ~u~ zooi - 28 operation, nitrogen gas (NZ) blows out through
a ring-shaped sd2iken(layeshdwh}y atchedecutboyeshidven sithtTGt E rar@ der to
prevent the steam of the etching solution fromflow ng onto the surface of
t he waf er so 5thRaphplhereddetebtcherremevedoto reeupkete Hehaiswegfatdpret chi ng
mask. The depth DP3 of the roller pad 7 for etching the silicon |ayer 3

wi |l be about PISERMAN&NEhENE: EHFRY BRPIPRYEH ROTOT 1 ddrep POl

appropriately se ectln t he 10 pressure nder which the roIIer ad 7 is
pressed ééal nsf! ﬁéngeFo PhHER c?h% RYPTth ?de?é“rm? vi't IF ¥ éfched to show

a profile nlldl per t he fer e 0 Om ﬁu t he
sane tinme, a su %%lgn?g Bpggkege Wﬁ %|é%tIVI b%g%“ é”géghfédiqgnbetmeen
the rate of etghigpg.the SI|ICOﬂ | ayer and that of etching the silicon oxide

film2 by using an al kal i ne TMAH (tri met hyl ammoni urhydr oxi de) et chi ng
sol ution so that COW&%HU%HEEYe)QBJaduE&@‘t Siddf Ghipgyialg SHehdlerlted 1A desired

etch selectivity can also b
the silicon layer 3 and the insulation film 2 of the
15 SOI substrate 5 can reliably be prevented from
appearing.
(Fifth Embodiment)

In this embodiment, the angle of inclination of

the lateral surface of the insulation film is made to
20 be smaller than that of the lateral surface of the
semiconductor layer.

FIGS. 5A through 5F schematically illustrate a
fifth embodiment of manufacturing an SOI substrate
according to the invention, showing different

25 manufacturing steps. Firstly, as shown in FIG. 5A, an

S0I substrate 5 comprising a silicon oxide film 2 as an

insulation film with a thickness T2 of 2um thick and a



20 sel ected by using an appropriate conposition ratio of hydrofluorjc @CZ@
and nitric acid. Thus, the silicon layer is processed to show a pcmfEHJ L
illustrated in FIG 7B. Then, after replacing the etching solution with 25
pure water, the outer peripheral portion-oélthe silicon oxide film?2 is
etched by neans of an apparatus as shown in FIG 8B. The roller pad 8 to be
used for 2 9 JU 2002 - 29 etching the silicon oxide film2 has a depth
DP2 of about |.4mm and the etching depth can be controlled by appropriately
sel ecting the pressure_under_which the roller pad 8 is pressed agai nst the
waf er. Then, tRelEceRnt &aYREr P phitFll2 ekt EReSS oF Ofe 7§4"Fi366r?rlﬂﬁ E¥ilm2

is etched and recessed. fromthe correspondi ng outer peri ral extremty of
the Support nefb8PPBY* 5199 sPh %:%O%fseb—'%l?ii%gji JemRT asrﬁpéﬂ/%é' MSHS tap)e/red

profile. At the_.s j iciently. ge, et 0 .sel ity can be
secured bet weeﬁftﬁe ?é gg%f @%@é{#%%ét%geé s?llf‘?a}{doﬁaﬁ as%gjr";hariL tFﬁlfac%' ot ‘etchi ng
the silicon oxj i LN d i ntaiyu
hydr of | uori c agfqgsgrﬂ)%ﬁ{e)%segéhygro If%%qcé%cﬁd;?ﬁas@ctﬁggﬁrﬁ% y5 only
the silicgn oxidg &iib§rdrbs €5CASHatddr it ot AUl REMAME Al Ml | On
showi ng a stepped and mldly tapered profileis finally produced as shown
in FIG 7C Thg gdgeredicpgttépnbe used for this enbodi nent conprises roller
pads for the first and second etching 20 operations having respective

dept hs DP3 and DP2 nfi thilsmembodimémt) thHee pHtftdearamee dpeiragibrdnm  Thi s
difference or the width of the exposed zone (f-e) can be reduced by

sel ecti ng appropniatctepabrunesng &evhaizmask haapaged pradffi Idd aotett@®@med by

t he etching operations 25 can be nodified as a function of the types and
conposi ti ons ofmahkert EhppgtRat f ofke aEeH s dd(eS -PFmor alsi @& the rol ler
pads are%Bressed agai nst the 2 9 JUL 2002 - 30 wafer and qther factors.

Wi le théYe i sCAREUPDefiMHRT Forthdk i dte MRLEr, Sh&PRIP& YofthFevi ces
that can be produced. fromthe sjilicon active layer js r ed when the
wath (1-oy |52 Thrhe EAC Tydtet et Gt ol Sy it 1E I5bt ween 10

m crons and | ofydi.nary edge etcher is used and preferably it may
be between 108& c%;%g@%njc:ig@gg' m crons when the etching conditions are

optimzed. Finally,ride ei&himg.sol it iz eRh3C et RN O
produce an outer peripheral 10 portion having a mldly tapered and stepped
profile. portion of the silicon layer 3 is etched out. If a wet
15 etching technique is employed, an alkaline TMAH
(trimethylammonium-hydroxide) etching solution or an
etching solution of a mixture of hydrofluoric acid and
nitric acid will suitably be used for the etching
operation. If, on the other hand, a dry etching
20 technique is employed, an RIE (reactive ion etching) or
CDE (chemical dry etching) system will popularly be
used with CF, or SF, gas. While isotropic etching will
take place in a wet etching system, conditions adapted
to isotropic etching should be selected also for dry
25 etching. For example, an isotropic radical etching

operation can be realized in a parallel plate reactive

ion etching system using SF, gas and 0, gas with a high



While the width of the renpoved portion can be considerably | arge foJbg ﬁ@e
mldly tapered profile, the use of an edge etcher i s advantageous ?

of cost because it does not use photoresigé nor tapes. 15 While the use of
an edge etcher is described for this enbo %éht, it may be replaced by a
rotary-type edge polisher. An edge polisher that can be used for the
purpose of the invention is of the rotary-type having a rotating pad
adapted to be supplied with a 20 polishing agent and effectively polish the

Ssubstrate if t : uhst i,S qvaried. The
profil e of theQESF?gkgdgg%%ﬁﬁg%éEéﬁégékﬁ%ﬂ?%2??%3 §§fg%ﬁ¥?%PI?ﬁg t he _
pressure under -uhi,€8 the RAsh1 Brdd 65504 SPaIdE e rabst nake and el ecting
the 25 material and the hardness of the pad. Wile the polishing operation

can be tinme copgHkngtthihde SO |ayer has a | arge thickness and the outer
peri pher al 29 J UL 2002 - 31 portion of the SO substrate can be

renoved by a | arge mhdt 8t&wing oshieea i dh | stocdaapeped feicafliyl e, the use of an
edge polisher is advantageous in terns of cost because it does not use
phot or esi 5t noisbapepiealt herso Sthddi theonkdteral unfeeeoofa thape and t hat of
an edge etcher (or an edge polisher) may be conbined so that a tape is used
for the first ¢bltisegohdyertdhingtanrred ivwitwter ediduse edgdeebeltweepor an
edge polisher) is used for the second (or first, whichever 10 appropriate)
et chi ng oper at FBf. 1dbeeabrodafsce ki e e sygdase pwbideesngide t hat of
tapes, that of _ap edge etcher, and that of an edge pol i sher may

appropriately ﬁ§3cbﬁb?ﬁﬁﬂt?ﬁﬁiﬁ*ﬁ¥rﬁﬁﬁﬂiu?Qﬁ4§11 FdCes @ )i-nveht tHR from the
MR N i R e R
10 secured between the rate of etching the underlying
silicon oxide film 2 and that of etching the silicon
layer 3 so that consequently only the silicon layer 3
is so etched as to show a tapered profile.
After removing the photoresist 6, a second
15 photoresist 4 is applied to the wafer and only the zone
along the wafer edge with the width of Ll is exposed to
light by using a photomask having a contour similar to
that of the first photomask but greater than the latter
by 8 microns to produce a patterned photoresist 4 as
20 shown in FIG. 5D. If L1 is 1.992mm, the resist pattern
of the photoresist 2 has the outer peripheral extremity
aligned with a line drawn outside the first photoresist
6 and separated from the latter by 8 microns.
Then, as shown in FIG. 5E, only the outer
25 peripheral portion of the silicon oxide film 2 of the

SOI substrate 5 is etched out. If a wet etching

technique is employed, an etching solution such as a



FIG 9A is a schematic illustration of an outer peripheral portion&ﬁi ﬁn 7
ei ght h enbodi nent of 20 sem conduct or substrate according to the i A #ﬁW
and FIG 9B is a schematic illustration of the outer peripheral portion
(S12) of the same enbodiment as seen after*3having been etched at the

| ateral side thereof. On the other hand, FIG 10A is a schematic
illustration 25 of an outer peripheral portion of a sem conductor substrate
prepared for the purpose of conparison and FIG 10B is a schematic

illustration of ffg%é)tﬁi%ﬁofﬁ&%fféwa% (BHY s gh%&%ﬁr%ﬁlﬁoﬁhg%%pﬁ&'the

sane seni conducior subs e 'as seen after vi ng béen etche

lateral side thergaly & e sty FieraldBn . Wher the sl eapdyctor S
ected to a clean5|ﬁb & I

substrate i s subj tep such as an RCA cl eans contai ni ng

effect, an perjpheral &Q, the-top, Hedmisidhal QN ehipd o9ReN abinoR1ESi Ng a
cl eansi ng hydrofluoric acid and having a undercu i s produced under

extremity of t e SeriwONdicicicHiiry o Wrecopeichbai el 1e¥irkeditchingyer 2) as
shown in FIG 10B. solution side-etching the outer layer 3 (at of the To
the contrary, systdie widse pfpulearlsi ¢l usedbeditire oF, , WieF £ drhei,sgaksconduct or
| ayer 3 and the insulation |ayer 2 produce a stepped profile at the 15

out er peri pheriétilporisanomite regothiagd wild itakel attece Hayer w2thas a terrace
as shown in FIG 9A, no offset be produced between the top of the outer

peri pheral exteehing FEYItaD.i manditiions ageptedate LREOTEOPESTRECPERE out er
peri pheral extremty of the sem conductor 20 |layer 3 if _a slight side

et chi ng phenonBfh bR rselfctak &St §8p I3 efehdifer FOF SFeMRLCextreni ty

of the insulation |layer 2 is qffset from.the bottom of .the outer peripheral
extrenity of b ARG AT, GPoF A ORFPbE FRAR ISR BROHET

(" Ceorha Y s, T 4o RIS TS 0 1
portion of the,SAMGHNIHALAN Y Yi13con oxide film 2 is over-etched
to a slight extent and angle AG2 becomes substantially
equal to 30p. At the same time, a sufficiently large
etch selectivity can be secured between the rate of

15 etching the underlying silicon oxide film 2 and that of
etching the silicon layer 3 so that consequently only
the silicon oxide film 2 is so etched as to show a
tapered profile with angle AG2 of 30 as shown in FIG
5E (see also FIG 5FP).

20 When the silicon oxide film 2 is etched to make it
show a tapered profile in the outer peripheral portion
with angle AG2 equal to 30°, a side etching of 2.8um
occurs to the insulating silicon oxide film 2 having a
film thickness of 2pum. Thus, the silicon layer 3 can

25 be undercut at the bottom when the width is made
smaller than the possible extent of side etching of the

insulation film 2.



29J Ul 2002 - 33 and that of the outer peripheral portion of the
insulation |ayer 2 axe in line with each other and not offset fromgeaghm
other as in the case of the structure of FIG 10A a side etching
phenonenon proceeds from5 the top of the2duter peripheral extrenity of the
insulation layer 2 to give rise to an undercut as shown in FIG 10B. Wile
the di stance between the bottom of the outer peripheral extremty of the
sem conductor |ayer 3 and 10 the top of the outer peripheral extremty of
the insulation layer 2, or the offset d, is not less than 2 mcrons in the

above description ofPRFRELLEGuctUEF T FOGMaER TESseMPRAEMRRY be defined as
f ti f th t .of si t chi t.i cul arl t t of 15

i de et ohing | ESTERIRaRE | AR S aLe Tid: PPiVBPYe SRS WIREn R Eni ng

ef fect exerted o0 Ehres,é gps.r?cl)tag eosrislta)éeraﬁ%. twgltl %ft ERS: gg@g hl mt of the

offset d is defined as unction of the extent o € etching, the upper

imtoof the QIASEldLidy DHAR NE RS oFcbitds! kflinOtndlckbgnexsent 1o

whi ch the semiconductor layer Is effectively utilized a ependi ng on the

vaf er size, thend egitd e Sz ¥ theheludbtlibe $eMcoNdughoie ChhEras wel |
as other factors. In view of the ordinary cleaning and processing 25 steps

for produci ng fe SEH GOFERICEGKL 15 WSt et wildR®sOf fepet ndmbert ¥pi 881 ¥esot | ess
than 2 mcrons and not nore than 1 mllimeter, preferably not less than 5

2 9J Ul 2002thaB4dcan s ghrodntdddrdreshet Banitonl bbkieeelay8dr s
preferably not | ess than 10D mi crons and not nore than 500 mcrons. (N nth
Enbodi nent) 5 fducdd whera Hehenmlths @reusocaflpygeoboanhakt reheyporti on of
a ninth enbodi nent_ of sem conductor substrate according to the invention.
Thi s enbodi nenthowl @i FReRIRE @Y i /g ceressfenepdiBdoPnFE@® 9A and thin
insulation filnms 24, 21, 22 and 23 are forned 10 res%ectivel on t he

| ateral SUrf acFOraRe SeniROfFROSHES &YStes 3Rd PREIBHEPL BEFYeRR, the

| at eral surfac nd, the to ce of the, peripheral rtion of the
support menbertd0 ienins b e ten Rref e Hoe s e  FEPStKER 15
peri pheral porgi f, m conductor layer 3 and the top of the outer
peri pher al por%#éﬁ%é%létg%éﬁgulation | ayer 2 are offset by d, which is not

smal | er than 2 micrens,iQ, show arehepred o af ike 2h80gat B8 SHL&L-Les i pPher al

extremty of the sem conductor substrate so
tapered and terraced profile as shown in FIG. 5F with

15 the angle AG2 of 30° and a terrace width d of 5.2um.
With a mildly tapered and terraced profile, the wafer
would not show any undercut due to side etching in the
subsequent cleansing and etching processes. Any
undercut can result in producing particles particularly

20 when a chipping phenomenon appears to the silicon layer
3 and/or the cleansing water is not drained
satisfactorily. If the silicon oxide film is expected
to become a victim of side etching, any side etching
phenomenon can be prevented by providing a large

25 difference between the width of the first photoresist 6
and that of the second photoresist 4 so that no

undercut would occur to the silicon oxide film. Then,



20 that any undercut can hardly be produced there nore than ever. Such a
structure can be obtained either by oxidizing the structure of FIG 9A with
masking the top surface of the sem conductor |ayer 3, or by oxidizing jgpan
the entire surface of the structure of H &5 93A and subsequently renoving
the oxide filmfromthe top surface of the sem conductor |ayer 3. 2 9 JuL
200t - 35 (Tenth Enbodinent) FIG 12 is a schematic cross sectional view
of a tenth enbodi mnent of sem conductor substrate according to the
i nvention, showi ng only an outer peripheral 5 portion thereof. The outer
peri pheral extERafeywbtlthR RUPPHHFEA meniRticonBIPare st Bateatt % t op and
at the bottom The bottom of the outer peripheral extremty of the
seni conduct or YA9E® Bnsntetirr thblmian iR 6t iPFdian &8 FEMEDf t he
i nsul ation | ayer % are, 10 off(ts_e[(tj Py nore than 2umto produce a terrace on
the top surfac®'b? FhEITHRUT atT'0h 1 ayer 2. Additionally, the bottom of the
outer peripheral. rem.ty. e insulation layer 2 and the outer

perip ?‘%ﬁ??‘t; Efibddiflnd I

peri pheral ext e support nenber 1 are offset 15 by nore than

I'mm Wil g the sen goaducs Or el AYgih FPascrieddt NaSS 1Qnedkehdehan that of

the insulation layer 2 in the structure of FIG 12; the thickness of the

fornmer may altgfpehidfbydferder SR BIctdiaihd kel soff heshather. 20
Additionally, the lateral surfaces of the layers 2 and 3 may be tapered

and/ or the | atgcabréilid aes e therenikfin pedHqwiei@ldiFgeiriear of and the
bottom surface of the support nenber may be coated with insulation filns
(21, 22) as | nmashGEadfuriNog estdad. t IRLdpor tasrembemn in2P10f. &A, an
sem conductor substrate according to the invention has a thickness of
sever al hundr e8-pnch ohdiangiesh |i20QnmghiS0l avldstrgrteatde compar stimgs@ of t he
| ayers 2 and 3. 2 9 J UL 2002 - 36 As described above by referring to
the preftPred 2398 Bk, sbbiarn e iday i e t6r aPayesvaadioRe fitddul ati on
| ayer t an area having.a weak bandi n% strength,

e

b d tl a
vatticularly i T8 SAINE Tl PhEHca AT FOAPgR%P Y Be SO Subst r at e

to produce a siepped profile alonguthe aut or jperipheral gyt pemiyi eg of the
sem conduct or T’a‘%r anee the Thsulation 1 ayer, t Rat Pcan erfeltivel y prevent

any chi ppi ng pglegwﬁ%l gém%}qfée.ari ng so that high quality 10 SO
substrates may be manufactured on a stable basis.
Then, as shown in FIG. 6B, a first mask tape 14 is
15 applied onto the SOOI substrate 5 with the center of the
mask tape aligned with that of the wafer. A mask tape
14 with a diameter of e.g. 196.8mm may suitably be used
for this embodiment. Then, as shown in FIG. 6C, the
extreme end portion of the silicon layer 3 and that of
20 the insulation film 2 are etched out successively. The
lateral side of the insulation film 2 and that of the
silicon layer 3 are made to show an acute angle of
inclination by controlling the duration of the etching
operation.
25 Then, after peeling off the mask tape 14 by means

of a tape peeling machine, another mask tape 16 with a

diameter of e.g. 196.0mm is applied onto the wafer with



Additionally, the lateral surface of the sem conductor |ayer and that of
the insulation layer may be inclined to prevent the appearance of

chi ppi ng phenonenon and the production of debris so that high 15 (ﬁaﬂﬂt%ﬂw
seni conduct or devices may be manufactured 2 -a high yield. Still
additionally, an SIMOX wafer can be used as SO substrate for the purpose
of the invention. (Exanple) 20 An 8-inch Si wafer was prepared as prine
waf er and the surface was nade porous by anodization to a depth of about

| Oum fromthe [ fg&gter'[hgf p{rgéiﬁﬁ%esce;{ ﬁ:;o?r ?egf%ll{}?rﬁ%rd V\w@_scgt hc rar%alolfyt?léi di zed at

400 C and then dipped into a I'C acid sol'utiron 10 renove

the 25 oxide quéf%itr%@ é,ﬁ&vﬁ of, sid agg of fthe p%rh%u§i%§3€e;nasgul§§§_guent ly,

t he speci men was prebaked I n ‘a hydrogen atnospghere and then por ous Si

layer was madelli 0 5 %ngarggﬁll-lrgﬁ%?e 'th%7 se%gntda)ﬁll%aas.ltk{]%agﬁovl\%t And hei ght of

120nm on the porous layer CVD. The surface o |'ayer obtai ned by

epi taxi al growfry@s Bhem. Mok HZethyt dAMRAUEE 133 ahed 48aRukRL,Ck 5 oxide
filmand a separately prepared 8-inch wafer was bonded as handle wafer to

t he primes waf erhidefarest e asiseigddy iwas isubjosctded B0 ignheat treat ment
process. Then, the prime wafer was ground fromthe rear surface to expose

t he porous | ayscchyaceant ie Ridpaamppld daiter machjoeoespeayend wasbe

sel ectively renoved by neans of an etching solution containing hydrofluoric
aci d, hydr ogert$rRG oxikier gvhil sl emteslinenien 1t HE SpovitneR - wB® - hedf Breated in
a hydrogen at nosphere and the exposed surface of the_non-porous Si |ayer
that had been %P2 raRRIFFQF FHAD T Hdhd e PREFET RAI98AEBLNed to

accuracy is used, the difference (L2-L1) between the

10 width of the zone exposed from the first mask tape 14
and that of the zone exposed from the second mask tape
16 can be further reduced. While there is no upper
limit for the widths (L1, L2), the number of devices
that can be produced from the silicon active layer is

15 reduced when they are too large so that, they should be
between 10 microns and 1 millimeter depending on the
accuracy of the tape applicator machine and preferably
between 100 microns and 500 microns in practical uses.

Then, as shown in FIG. 6E, only the outer

20 peripheral portion of the silicon layer 3 is etched out
and the mask tape 16 is peeled off by means of a tape
peeling machine to produce a stepped profile for the
outer peripheral portion of the SOI substrate as shown
in FIG. 6F.

25 While the height of the steps cannot be reduced to
the level of several microns unlike the case of using

photoresist because of the relatively poor accuracy of



produce an SO substrate. Subsequently, the specinen was subjected to the
processing steps as described above by referring to FIGS. 7A througt§ J@ 2007
produce a sem conductor 20 substrate having a structure as shown in FIG

7C. Simlar specinmens of sem conductor suBStrate were prepared and cl eansed
repeatedly. The nunber of particles adhering to each of the specinens of
sem conduct or substrate was neasured after each 25 cl eansi ng operation. As
aresult, it was found t hat the nunber of particles with a diameter greater
than 0.15um was J UL 2002 - ﬁ tmeen 0. nz ang 1/cnm? and did
not vary rerrar?%ﬁ)l'g/a? P3RS ¢ e eS8 a 9em%§ Wg?B?SAlﬁunber

of SO substrates were pne red t ve .e e. Subsequently,
t hey were subjected”t fﬁgﬁg?ocggéﬁh%fsgéesc§§%d§§c§?5eé above by referring

to PGS, 13A Uksuohddh Then.dile dieeldaed semiAgnduoLeppsHpstrates vere

cl eansed repe of particles adhering to each of the 10
Specl mens was WV&Q ahd hdde Ga%e tebnhhlgudbe¥eusing mask tapes

5 provides remarkable practical advantages over the
etching technique particularly in view of the fact that
the tape applicator machine and the tape peeling
machine are less costly than a resist coater and an
exposure system.

10 (Seventh Embodiment)

FIGS. 7A through 7C schematically illustrate a
seventh embodiment of manufacturing an SOI substrate
according to the invention, showing different
manufacturing steps. Firstly, as shown in FIG. 7A, an

15 8-inch (diameter, 200mm) SOI substrate 5 comprising a
200nm thick silicon oxide film 2 as an insulation layer
and a 200nm thick silicon layer 3 arranged on a
supporting silicon substrate 1 is prepared by means of
a bonding technique.

20 Then, the silicon layer 3 of the SOOI substrate 5
is etched by means of a rotary-type sheet edge etcher
adapted to etch wafers on a sheet by sheet basis and
having a configuration as shown in FIG. 8A. Such an
edge etcher is described in Japanese Patent Publication

25 No. 7-15897 and comprises a roller pad 7 so that the
wafer is etched as the roller pad 7 soaked with etching

solution is pressed against it. During the etching



exanple.. As a result, it was found that the nunber of particles with a

di ameter greater than 0.15um was between 0.05/cnez and 4/cn2 and remamkahl 30
varied after 15 each neasurenent. Each incgease in the nunber of particles
was dom nated by particles with a dianeter $et ween 0. 05um and 0. 4um 29
JUG tL!':~ - 39 WHAT IS CLAIMED IS: 1. A sem conductor substrate conprising
a support nenber, an insulation |ayer arranged on the support nenber and a
sem conductor |ayer arranged on the insulation |ayer, characterized in
that: the oute i raj . i 0, ai LeoNn | ayer is | ocated
i nside the outéngéﬁgﬁef’léf@é%?‘?nﬁsy @?2%5??8%53333 tQH%B grgand t he outer

per i pher al - ext gL ¥n0bedahdy) 18U At Ahd @Y PladiarlRblasbetuggen the outer

peripheral extrenfty of said sem conductor layer and that of said support
nenber so thatgthetpHLEr iREHIAELT 8b PREddn @fe thRHEMLUNUGIhiggbst rat e
a

including said insulation |ayer and said sem conductor |ayer shows

st epped profil go1uwbesri frohervbhsny hetoveaie tda feld @ ahd hefeut eo

peri pheral extremty of said sem conductor |ayer and the top of the outer
peri pherab extteattyhefedgedetasedt addan naty erequsi neottheimaideco ft ran 2

m crons, and wherein said insulation |ayer shows an obtuse angl e between
the outer | ateetthingfmsekand the top surface thereof. 2. A sem conduct or
substrate according to claim1l, wherein the outer peripheral extremty of
sai d seni conduct or Thgedepth|BRAtel theinel ket ¢t & fser igfedialg dkerenity
of said insulation |layer and the distance separating the outer peripheral
extremty of sBf#LSem tavetictorilhRe RRPY Hat®ms Fhenshckdiingn 29 J U

| 2002 - 40 | i t I h th tent of sid t ghi t hat
2002 - 40 yer,isenotosmaller thanfhe SXLa of side etonnganal
according,to C%fé%’%]&re"‘hﬁé&'r ”wt?f‘éhﬁ L gzloora]%]!e% A irl*.az)nr%lsts%%r ace on the

upper surface € outer 'periphera i on-and the e of inclination

of the |ateral guffacecRl §ifePUt SFnEr LAl R 19 drS 3NQh 197 @t er than
45. 4. A nethod of nmanufacturing a sem conductor subsfrate as defined in

claim1, charagtérédeto byh&RNPrpsd AL NN IS HapEPEddNErdh Xl @@FeROrtion
fromsaid insulation |layer and al so an extrene portion from said

sem conduct or émayeby Sabastt D. frefe Dinm & heatouther saerd plieregl aextremty of
said insulation |ayer and that of said sem conductor |ayer to be |ocated
i nside the outsufpecighelnl lexde eaicly seflegdiidyigyppemnt beeseguradd renovi ng
an extrene portion fromsaid sem conductor |ayer so as to nmake the outer
peri pherdd extpebvesn ofthearate f rdiigiorthenydl iconhd avegaeed ithgitde t he
outer peripheral extremty of sajd insulation layer. 5. A nethcd of

manuf act ur i ng &f sTHFRHAAUERD ST AHdss T fedYi HSENGi A1,

characteri zed by, ¢OLIRIAY L. Gl TSR0, A0, CXLIETe RarLhgn from said
sem conduct or ?ayer 32 T o el e RS pelyi phéral” ‘extrem Py of said

sem conductor LayefidQ 88 tnt Sohddduct¥3% only the silicon layer 3

is etched. A desired etch selectivity can also be

20 selected by using an appropriate composition ratio of
hydrofluoric acid and nitric acid. Thus, the silicon
layer is processed to show a profile as illustrated in
FIG. 7B.

Then, after replacing the etching solution with

25 pure water, the outer peripheral portion of the silicon

oxide film 2 is etched by means of an apparatus as

shown in FIG. 8B. The roller pad 8 to be used for



- 41 ‘located inside the outer peripheral extremty of said support nenber
and al so inside the outer peripheral extremty of said insulation Iz?xBadULam
renmoving an extrene portion of said insul éo_n | ayer so as to nmaeke the
outer peripheral extremty of said insulatTon |ayer to be | ocated between
the outer peripheral extremty of said sem conductor |ayer and that of said
support nenber. 6. A nethod of manufacturing a sem conductor substrate
according to claim5, wherein said step of renoving an extreme portion from

said sem Condugrtesihgyeﬁeagmgo&xg,z £O14 1 o {4 am i, igpsulation layer

i nclude a resist apprfication step and an etching step. 7. A nethod of

nmanuf acturing apsgRl ¢ONFMCERE BHDSE £ RIS EH bl L lRIHBrb1aled byf UT t her
conprising steps of preparing a first nenber having a porous singlé crystal
silicon layer apgreapR0atDyOssS1&EHOE tHe Prdssidd anmdmayrichband ng sai d
first nmenber and a second nenber with an insulation |ayer interposed

t her ebet ween ssoaletroppdofluce Breaddd |ayeinst rirod wafar .t h T$&ng Rbe por ous
single crystal silicon |ayer |ocated inside and renoving said porous single
crystal sbliconuktayepefiphesal dexttanitayerf sthralctilriesors aixd dst s mbél ng
conducted prior to said step of renbving said extreme portions. 29J Ul
2002 - 42 8. Asnetabadopnduresessed i figpm Hen CUIRRRRAA g St@re accor di ng
to claim4 or 5 further conprising steps of: formng a silicon oxide |ayer
on the surfacePBFiBNeraYl exErgRtty of Ithe SRRt é‘t?ﬁg%erlatbé’, % orning a

m cro-bubble layer in the inside of said single cryst si.licon wafer by

i npl anting i on§¥§ﬁ?'é€?e‘d?f‘?6fn ‘ﬂy‘b‘? olg’eéraﬁl““? dRd ngﬂi” rPare itGReT%m t he si de
of said silicon_oxide | r..and. _bonding said _sid. con.qxide_|ayer to a
separate suppo?fofr%Jq er aXEaFrée s?ae"b%qble“%ﬂg T ont u]‘:]cl’tce:L n&?‘lyo;iatrg%é:’]t& step of

removi ng, gxtre i . r‘gﬁ;%?hg% f i a 1 ctor
subst rat]égaccogg%ﬁgjé%%ggfa?% ABA%r , dérbel nt rgq%lllé][ f{é%gngge%:att%&\ggﬁ t he
width of the etgli 891 1Bsk LsSEs: faa MR SIEP AcHGPWHI 3N 18¥h §F8 cROr tion
fromsaid sem conductor |ayer so as to nake the outer peripheral extremty
of sai d sem condugt Broy ayeind Garlbeeddtidieddnsiids damtaunghgper i pher al
extremty of said insulation |ayer and that of the etching mask used for
the step of renpdrafleorixtacit Qorkuihefadmyshiot lussulcaticdd ksayehaits not
smaller than 5 mcrons and not greater than Inm 10. A method of

manuf act uri ng @OREQYEDNELE t FL % s redild qee @xdidey fid e Railm gtehed. wherein
the difference between the width of the etching nask used 2 9J UL 2002
- 43 fo¥dthe Brep. oD rRuERY RETPhSTEle ROGIFAT ShoMisG sasderprfcéRduct or

| ayer so as to t he outer peripheral_ extremty of said sem conductor
ayer o be | GRhTA | FereRed il Tro sy rebelisntt §oophouRg 11
insulation | aygfsa that of the etching nask used for the step of renoving
an extrenme porti on fromsaid insul ation layer is not smaller than 100
mcrons and not grepieredd@ne R My ¢S uskh MrRHIedRboARR”KRCI UriNg a
sem conduct or substrate according to claim4 or 5, wherein said step of
renovi ng an exdédmpei o8 t+on  Padgsaifd s e @iddat ahdl agebnandtahsagan
extrene portion fromsaid insulation |layer includes a step of bonding an
et chi ng 2ask t@aperatdored diEwnings treys pead ives dep this POl endg DPR blfe tape. 12.
A nmet hod of manufacturing a sem conductor substrate according to claim4 or
5, wherein sail é4ntepnrd ¥dmvi ndeanidiferensep detingn Of. fom. salbiseni conduct or
| ayer and al so_an extreme portion fromsaid insulation |ayer is conducted
by means of arfeHfRreNeHQr dheawisdge ofoltibehexposgd Aoseni EoRducabr
substrate according to claim1l, wherein the offset between the bottom of
the outer per!%e’f%ﬁ“%@ﬂ r%%ﬁ}eﬁt% @PPERPEIRTEGc PEF2P&YEF SakRBCRHESt op of
the outer perl%ﬁ&”éﬂpé?%é‘%?ééﬁfg d%%SQnede% {hg %tégggg-ogérations

25 can be modified as a function of the types and

compositions of the etching solutions, the pressures

under which the roller pads are pressed against the



insulation layer is not smaller than 2 mcrons. 14. A sem conductci>9
substrate according to claim1 or 13, wherein the |ateral surface JUi Q02
outer peripheral portion of said sem conductor |ayer and/or that of the
outer peripheral portion of said insulati¥h tayer are inclined. 15. A

sem conductor substrate according to claim1 or 13, wherein each of said
sem conduct or | ayer and said insulat_on |ayer shows the right angle or an
obtuse angl e between the lateral surface and the top surface t her eof .
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25 material and the hardness of t e pad Whi t

polishing operation can be time consuming if the SO0I

layer has a large thickness and the outer peripheral
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because it does not use photoresist nor tapes either.

5 Additionally, the use of a tape and that of an
edge etcher (or an edge polisher) may be combined so
that a tape is used for the first (or second) etching
operation whereas an edge etcher (or an edge polisher)
is used for the second (or first, whichever

10 appropriate) etching operation. More broadly speaking,
the use of photoresist, that of tapes, that of an edge
etcher and that of an edge polisher may appropriately
be combined for the purpose of the present invention
from the viewpoint of the width of the zone to be

15 removed from the SOI substrate, the tapered profile and
the processing cost.

(Eighth Embodiment)
FIG. 9A is a schematic illustration of an outer
peripheral portion of an eighth embodiment of

20 semiconductor substrate according to the invention and
FIG. 9B is a schematic illustration of the outer
peripheral portion (S12) of the same embodiment as seen
after having been etched at the lateral side thereof.
On the other hand, FIG. 1l0A is a schematic illustration

25 of an outer peripheral portion of a semiconductor
substrate prepared for the purpose of comparison and

FIG. 10B is a schematic illustration of the outer
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effect, an undercut UC is produced under the outer
peripheral extremity of the semiconductor layer 3 (at
10 the top of the outer peripheral extremity of the
insulation layer 2) as shown in FIG. 1O0B.

To the contrary, in the case of the eighth
embodiment, where the semiconductor layer 3 and the
insulation layer 2 produce a stepped profile at the

15 outer peripheral portions thereof and the insulation
layer 2 has a terrace as shown in FIG. 9A, no offset be
produced between the top of the outer peripheral
extremity of the insulation layer 2 and the bottom of
the outer peripheral extremity of the semiconductor

20 layer 3 if a slight side etching phenomenon occurs
because the top of the outer peripheral extremity of
the insulation layer 2 is offset from the bottom of the
outer peripheral extremity of the semiconductor layer 3
by not less than 2 microns (horizontally). Thus, no

25 undercut will appear in the structure of FIG. 9A.

On the other hand, when the lateral surface of the

outer peripheral portion of the semiconductor layer 3
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5 the top of the outer peripheral extremity of the
insulation layer 2 to give rise to an undercut as shown
in FIG. 10B.

While the distance between the bottom of the outer

peripheral extremity of the semiconductor layer 3 and

10 the top of the outer peripheral extremity of the
insulation layer 2, or the offset d, is not less than 2
microns in the above description on the structure of
FIG. 92, this limit may be defined as a function of the
extent of side etching particularly when the extent of

15 side etching is remarkable in the process that involves
a side etching effect exerted on the insulation layer
2. While the lower limit of the offset d is defined as
a function of the extent of side etching, the upper
limit of the offset d may be defined as a function of

20 the extent to which the semiconductor layer is
effectively utilized and depending on the wafer size,
the required size and number of the semiconductor chip
as well as other factors.

In view of the ordinary cleaning and processing

25 steps for producing a semiconductor substrate, the

offset d is typically not less than 2 microns and not

more than 1 millimeter, preferably not less than 5
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(Ninth Embodiment)

5 FIG. 11 is a schematic illustration of an extreme
portion of a ninth embodiment of semiconductor
substrate according to the invention. This embodiment
is obtained by modifying the structure of FIG. 9A and
thin insulation films 24, 21, 22 and 23 are formed

10 respectively on the lateral surface of the
semiconductor layer 3 and the bottom surface, the
lateral surface and the top surface of the peripheral
portion of the support member 1.

In this embodiment again, the bottom of the outer

15 peripheral portion of the semiconductor layer 3 and the
top of the outer peripheral portion of the insulation
layer 2 are offset by d, which is not smaller than 2
microns to show a stepped profile along the outer
peripheral extremity of the semiconductor substrate so

20 that any undercut can hardly be produced there more
than ever.

Such a structure can be obtained either by
oxidizing the structure of FIG. 9A with masking the top
surface of the semiconductor layer 3, or by oxidizing

25 the entire surface of the structure of FIG. 9A and

subsequently removing the oxide film from the top

surface of the semiconductor layer 3.
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to the invention, showing only an outer peripheral
5 portion thereof. The outer peripheral extremity of the
support member 1 is beveled both at the top and at the
bottom. The bottom of the outer peripheral extremity
of the semiconductor layer 3 and the top of the outer
peripheral extremity of the insulation layer 2 are
10 offset by more than 2um to produce a terrace on the top
surface of the insulation layer 2.

Additionally, the bottom of the outer peripheral
extremity of the insulation layer 2 and the outer
peripheral extremity of the support member 1 are offset

15 by more than lmm.

While the semiconductor layer 3 has a thickness
greater than that of the insulation layer 2 in the
structure of FIG. 12, the thickness of the former may
alternatively be made smaller than that of the latter.

20 Additionally, the lateral surfaces of the layers 2 and
3 may be tapered and/or the lateral surface of the
outer peripheral portion of and the bottom surface of
the support member may be coated with insulation films
(21, 22) as in FIG. 11. Note that the support member 1

25 of a semiconductor substrate according to the invention
has a thickness of several hundred microns, which is

significantly greater than those of the layers 2 and 3.
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extremities of the semiconductor layer and the
insulation layer, that can effectively prevent any
chipping phenomenon from appearing so that high quality

10 SOI substrates may be manufactured on a stable basis.

Additionally, the lateral surface of the
semiconductor layer and that of the insulation layer
may be inclined to prevent the appearance of a chipping
phenomenon and the production of debris so that high

15 quality semiconductor devices may be manufactured at a
high yield.

Still additionally, an SIMOX wafer can be used as
SOI substrate for the purpose of the invention.
(Example)

20 An 8-inch Si wafer was prepared as prime wafer and
the surface was made porous by anodization to a depth
of about 10pm from the surface. The produced porous
layer was thermally oxidized at 400 °C and then dipped
into a dilute hydrofluoric acid solution to remove the

25 oxide film from the top surface of the porous layer.

Subsequently, the specimen was prebaked in a hydrogen

atmosphere and then a non-porous $Si layer was made to
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growth was then oxidized to produce an about 40nm thick
5 oxide film and a separately prepared 8-inch wafer was
bonded as handle wafer to the prime wafer, before the
assembly was subjected to a heat treatment process.
Then, the prime wafer was ground from the rear
surface to expose the porous layer by means of RIE and
10 then the porous layer was selectively removed by means
of an etching solution containing hydrofluoric acid,
hydrogen peroxide and alcohol. Then, the specimen was
heat treated in a hydrogen atmosphere and the exposed
surface of the non-porous Si layer that had been
15 transferred onto the handle wafer was smoothed to
produce an SOI substrate.
Subsequently, the specimen was subjected to the
processing steps as described above by referring to
FIGS. 7A through 7C to produce a semiconductor
20 substrate having a structure as shown in FIG. 7C.
Similar specimens of semiconductor substrate were
prepared and cleansed repeatedly. The number of
particles adhering to each of the specimens of
semiconductor substrate was measured after each
25 cleansing operation.
As a result, it was found that the number of

particles with a diameter greater than 0.15pm was
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5 above example. Subsequently, they were subjected to
the processing steps as described above by referring to
FIGS. 13A through 13E. Then, the obtained
semiconductor substrates were cleansed repeatedly and
the number of particles adhering to each of the

10 specimens was observed as in the case of the above
example..

As a result, it was found that the number of
particles with a diameter greater than 0.15um was
between 0.05/cm? and 4/cm? and remarkably varied after

15 each measurement. Each increase in the number of

particles was dominated by particles with a diameter

between 0.05pum and 0O.4um.
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10% & ()-910% & ()- semiconductor substrate comprising a support
member, an insulation layer arranged on the support
member and a semiconductor layer arranged on the
insulation layer, characterized in that:
the outer peripheral extremity of said
semiconductor layer is located inside the outer
peripheral extremity of said support member and the
outer peripheral extremity of said insulation layer is
located between the outer peripheral extremity of said
semiconductor layer and that of said support member so
that the outer peripheral portion of the semiconductor
substrate including said insulation layer and said
semiconductor layer shows a stepped profile, wherein
the offset between the bottom of the outer peripheral
extremity of said semiconductor layer and the top of
the outer peripheral extremity of said insulation layer
is not smaller than 2 microns, and wherein said

insulation layer shows an obtuse angle between the

outer lateral surface and the top surface thereof.

2. A semiconductor substrate according to claim
1, wherein the outer peripheral extremity of said
semiconductor layer is located inside the outer
peripheral extremity of said insulation layer and the
distance separating the outer peripheral extremity of

said semiconductor layer and that of said insulation
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3. A semiconductor substrate according to claim
1, wherein said insulation layer has a terrace on the
upper surface of the outer peripheral portion and the

angle of inclination of the lateral surface of the

outer peripheral portion is not greater than 45°.

4. A method of manufacturing a semiconductor
substrate as defined in claim 1, characterized by
comprising steps of removing an extreme portion from
said insulation layer and also an extreme portion from
said semiconductor layer so as to make both the outerx
peripheral extremity of said insulation layer and that
of said semiconductor layer to be located inside the
outer peripheral extremity of said support member and
removing an extreme portion from said semiconductor
layer so as to make the outer peripheral extremity of
sald semiconductor layer to be located inside the outer

peripheral extremity of said insulation layer.

5. A methed of manufacturing a semiconductor
substrate as defined in claim 1, characterized by
comprising steps of removing an extreme portion from
sald semiconductor layer so as to make the outer

peripheral extremity of said semiconductor layer to be
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said semiconductor layer and that of said support

member.

6. A method of manufacturing a semiconductor
substrate according to claim 5, wherein said step of
removing an extreme portion from said semiconductor
layer and an extreme portion from said insulation layer

include a resist application step and an etching step.

7. A method of manufacturing a semiconductor
substrate according to claim 4 or 5, further comprising
steps of preparing a first member having a porous
single crystal silicon layer and a non-porous single
crystal silicon layer, bonding said first member and a
second mempber with an insulation layer interposed
therebetween so as to produce a multilayer structure
with said non-porous single crystal silicon layer
located inside and removing said porous single crystal
silicon layer from said multilayer structure, said
steps being conducted prior to said step of removing

sald extreme portions.
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8. A method of manufacturing a semiconductor
substrate according to claim 4 or 5, further comprising
steps of:
forming a silicon oxide layer on the surface of a
single crystal silicon wafer substrate, forming a
micro-bubble layer in the inside of said single crystal
silicon wafer by implanting ions selected from hydrogen
ions and rare gas ions from the side of said silicon
oxide layer and bonding said silicon oxide layer to a

separate support member, said steps being conducted

prior to said step of removing extreme portions.

9. A method of manufacturing a semiconductor
substrate according to claim 4 or 5, wherein the
difference between the width of the etching mask used
for the step of removing an extreme portion from said
semiconductor layer so as to make the outer peripheral
extremity of said semiconductor layer to be located
inside the outer peripheral extremity of said
insulation layer and that of the etching mask used for
the step of removing an extreme portion from said
insulation layer is not smaller than 5 microns and not

greater than lmm.

10. A method of manufacturing a semiconductor
substrate according to claim 4 or 5, wherein the

difference between the width of the etching mask used
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semiconductor layer s© as tc Mmake the outer peripheral
extremity of said semiconductor layer to be located
inside the outer peripheral extremity of said
insulation layer and that of the etching mask used for
the step of removing an extreme portion from said

insulation layer is not smaller than 100 microns and

not greater than 500 microns.

11. A method of manufacturing a semiconductor
substrate according to claim 4 or 5, wherein said step
of removing an extreme portion from said semiconductor
layer and also an extreme portion from said insulation
layer includes a step of bonding an etching mask tape,

an etching step and a step of peeling cff the tape.

12. A method of manufacturing a semiconductor
substrate according to claim 4 or 5, wherein said step
of removing an extreme portion from said semiconductor
layer and also an extreme portion from said insulation
layer is conducted by means of an edge etcher or an

edge polisher.

13. A semiconductor substrate according to claim
1, wherein the offset between the bottom of the outer
peripheral extremity of said semiconductor layer and

the top of the outer peripheral extremity of said
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insulation layer is not smaller than 2 microns.

14. A semiconductor substrate according to claim
1 or 13, wherein the lateral surface of the outer
peripheral portion of said semiconductor layer and/or
that of the outer peripheral portion of said insulation

layer are inclined.

15. A semiconductor substrate according to claim
1 or 13, wherein each of said semiconductor layer and
sald insulation layer shows the right angle or an
obtuse angle between the lateral surface and the top

surface thereof.



