-1- BONDED WAFER AND METHOD OF PRODUCI NG THE SAME BACKGROUND OF THE
INVENTION 1. Field of the invention 5 [9Q01] This invention relates to a
met hod of producing a bonded wafer by bonding a wafer for an active | ayer

ion-inplanted with a I]%%ght el ement such as h)f)dro en or heliumto a given
depth position onB@NPERMAFES ANDMEIHODAF %’\WSUPJNQTHEGS% eaf t er

exfoliating the wafer for the active layer at the ion- inplanted portion of
the given depth position through a heat treatnent to | eave an 10 active

| ayer on an outer peripher #AQRGROUND OF THRENYENTION he supporting
substrate and then polishing a terrace portion of the active |layer fornmed on
the outer péripietdaf thsdpvangienof the wafer for the supporting substrate due

i peri.ph ' f.th fer, f h ive |
doring rre (o3 o Bl RGeS AlesB M RoB bt bR TH et L the
net hod of pr&siuﬁﬁglgvaalf@fﬂapaﬂlﬁelﬂwalfa%piohn_ﬁfpﬁﬂtédarithq;ﬁ%hl' nent TBEH ag Ut et hod

wherein a wafer for an -active |ayer ion-inplanted with a |ight elenent such
as hydrogen bydrhgén omhdlimnatga gbnen depthipgsition ¢mn aiwafeofideckupposinvg  waf er for

a supporting substrate .and_.thergafter subjected to a heat treatnent to 20
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waf er, wii chadtredafdrememt outér poriphbml porticandfi tha atafdraiod thegsuppohingque. By such
arecycling it is made, possible to use one wafer in the bonded wafer plural
times, whi chUbsHats auddhepolishinga fesrige portin ofthe artive layet formed 9 theie honded

waf er produc : ' ' ' S
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the smart cusf aedbietperiphoril fortivhentht keaf¥efog the adtiviengystcluriig thayer s
exfoliated through the heat treatnent, a terrace portion of the active |ayer

i s 30 inevit@dpligierned on the outer peripheral portion of the wafer for the

supporti ubstrat e du t aggi ng of the outer peripheral portion of
t he waf eir]sgf o?' tﬁgscnp 086 Refatbd &rf

{0002] As the method of producing the bonded wafer, there is a so-called
smart cut method wherein a wafer for an active layer ion-implanted with a light
element such as hydrogen or helium to a given depth position is bonded onto a
wafer for a supporting substrate and thereafter subjected to a heat treatment to

20  exfoliate the wafer for the active layer at the ion-implanted portion of the given
depth position. In the smart cut method, the exfoliated portion of the wafer for
the active layer after the bonding can be recycled as a wafer, which is different
from the conventional bonding technique. By such a recycling it is made
possible to use one wafer in the bonded wafer plural times, which leads the way

25  toreduce the material cost. Also, the bonded wafer produced by the smart cut
method is excellent in the thickness uniformity, so that this method is noticed as
a promising method. |
[0003] In the smart cut method, however, when the wafer for the active layer
is exfoliated through the heat treatment, a terrace portion of the active layer is

30  inevitably formed on the outer peripheral portion of the wafer for the supporting
substrate due to the sagging of the outer peripheral portion of the wafer for the
active layer during the exfoliation and also a part of the wafer for the active layer

is firmly fixed onto the terrace portion to form island-shaped projections cailed



active layer during the exfoliation and also a part of the wafer for the
active layer is firmy fixed onto the tn%race portion to formi sl and-shaped
projections called as so-called SO isla If the SO islands remain on
the terrace portion, there is a fear that they render into particles during
devi ce procesai sogealled SO ikndausié tite SORIsIRIAS rek@bRcdn thadéa@itibNghere t he
characteristics or performances of the device., Therefore, in order to

i nprove the dSaIfFanthat theygensisnita parickss, during devigecresessipggorwensily eause 80

i slands are r rt| n ren urface
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of the terrace portion i aV|n d or i ke.

[0004] As a fThgéforEtiheederfto iapRivenBe fiditpoF thesboie watRitedeOysddge terrace
portion is nmentioned a nmethod of s £§re53| ng the occurrence of SA "islands.

For exanplfe, thetthe5§VIsl3ndsas ranortdby polishing Hedennes portion e rasicutheence of
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heating is conducted at a rapid gradi [ 0005] As a secon
renmovi ng the ;Efﬂlommlmanisonedtzamnﬁnid@m stppressing theroceameper dfi SOI iskndent | oned a

t hod of f the t t F I
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make an adhesi on afea between er perlp on o active

| ayer and thetemq»mm:teumgalsaﬂbﬁbmaameanhsaliﬁﬁtabyexﬂpm&ﬁsEtdh@dsmwgfadfme 20 of
SA i sl ands. 0006% As athird nmethod of renoving the SO islands retained
on the terrad® togodisiogation tomneratarseandtbpise Herthsthepting is Gogdueied pba rapid
portion. For xgﬂg# JP- A- 2001- 144274 di scl oses a nethod wherein the
active | ayer §8%%% ol i ated through a heat treatnent and thereafter an end

portion of tHeopsindedayakesondsmehod vbihdBag (i SODPRYAIds Retaine8 @Ot tO
renove the terrace portion. [0007] In the nethod of JP-A-2003-347526,

however, %5t |tgnhmwgpb|1senteotlor¢<zﬂ1@m@t@dwfrsapmsmaéhesrzqcurrgn@m@lfstheAl so, the

th th h | f whi ch
oxi sting. r angerate kgions | ERLERPIC AT b 3R p R Ve act i ve
layer, is as du3poRingSub@tatk SaSodiB@ NI dnan active layer are stepwise piled one

upon the other to make an adhesion area between the outer peripheral portion of

the active layer and the supporting substrate to thereby decrease the occurrence
20  of SOl islands.
[0606] As a third method of removing the SOI islands retained on the terrace
portion is mentioned a method of removing the terrace portion. For example,
JP-A-2001-144274 discloses a method wherein the active layer is exfoliated
through a heat treatment and thereafter an end portion of the bonded wafer is
25  subjected to a beveling treatment to remove the terrace portion.
[0007] In the method of JP-A-2003-347526, however, it is impossible to
completely remove the SOl islands, Also, the smoothness on the outer
peripheral face of the active layer, which is an existing range of SOI islands on
the outer peripheral portion of the active layer, is as large as not less than 20 pm,
30  so that there is a fear that these islands are exfoliated to form particles in the
subsequent device processing.
[0008]  In the method of JP-A-2000-243942, since the end portion of the

bonded wafer is stepwise, the end portion of the wafer for the supporting



30 so that there is a fear that these islands are exfoliated to form
particles in the subsequent device processing. [0008] In the nethod of
JP- A- 2000- 243942, since the end portion of the bonded wafer is stepw se,
the end portio he wafer for the supporting .3- substrate becones
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has a fear of causing contam nation or ro el ng
treatment, ansydiciase fearpdrcaudhg thstagiifaivin oreladnige erobgly elie beyeling out. As a
result, 5 there is a problemthat the effective area of the wafer usable as
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portion can Rghetdtedd i@ ymagnoved by polishing the terrace portion of the
active layer with a predetermned fixed grain abrasive cloth at a snall
polishing anount on the surfAOdMARYHWOF{IHE ANYEDIONN. [0010] In order to

hi th bject, t truction gf the i ti
e ol Towe. THOQS) "RIFE bustelfre RaRinet Rbhs IBRHISH EFRriohg BOR AL a wafer
for an acti ‘ﬁodl&)ﬁ?gd a bOfddd WA R WaEreth is*PmﬁLél#agE& Pgd[jé‘éf?d?ﬂ's &4fded%n tiedr ogen or

heliumto a“given depth position onto a wa a supporting substrate,
and t her daf t eerracexfortiomtambe tffectivel ereniwredtbyepadishingetht syresce gortidreof the

lon-inplanted portion of the given .depth position through a_heaf freatnent
to leave an 2EHI yeRyah aopredrieningd flzed,s&mah@sme ethiat demidl RAlShings er f or

t he supporti %&ﬂgﬁﬁﬁﬁé&rﬂg o&hﬁe’%eﬂﬁké g@tﬁg. a terrace portion of the active
pheral p

| ayer formed on the outer peri rtion of the wafer for the

supporting sybe1olat e Idweddrao 28kigh & theafbodd objtkE theurmphsy &id gustruction of t he
wafer for the active layer during the exfoliation, in which the polishing of
the terrace (B¢ invention ateras fgHeWee | ayer is carried out with a predeternined

[ red 208 n sbresitp ol gl PR ShOMDARER RRRRSELEIRRA 11,
scattering ofantRfiv@er ion-implanted with a light element such as hydrogen or helium to
a given depth position onto a wafer for a supporting substrate, and thereafter
exfoliating the wafer for the active layer at the ion-implanted portion of the given
depth position through a heat treatment to leave an active layer on an outer
20  peripheral portion of the wafer for the supporting substrate and then polishing a
terrace portion of the active layer formed on the outer peripheral portion of the
wafer for the supporting substrate due to sagging of an outer peripheral portion
of the wafer for the active layer during the exfoliation, in which the polishing of
the terrace portion of the active layer is carried out with a predetermined fixed
25  grain abrasive cloth to remove island-shaped projections on the terrace portion
made from a part of the active layer while controlling a scattering of terrace
width and smoothness bf an outer peripheral face of the active layer to a given
range.
[0011]} (2) A method of producing a bonded wafer according to item (1),
30  wherein the fixed grain abrasive cloth comprises a urethane bonding material
made from a soft segment having a polyfunctional isocyanate and a hard segment
having a polyfunctional polyol and having an expansion ratio of 1.1-1.4 times,

and silica having an average particle size of 0.2-10 um and a hydroxy group, and



wi dt h and snoot hness of an outer peripheral face of the active layer to a
given range. [0011] (2) A nethod of praducing a bonded wafer according to
item (1), 30 wherein the fixed grain abrasive cloth conprises a urethane
bonding material, nade froma sqoft segnent having a polyfunctional

i socyanat e afddatio Rhthe hagd segmentin thegrethape bopding maiemal ipd0yR0% ahd havi ng an
expansi on rat| - 4 gl {1 I particle
size of O. 2-%£§%1%%‘Hé§ﬁhégboa§§%grra 8@%‘? Sgirﬁ% lgg}é\gﬁélgﬁfgﬂ%@éﬁg%%rd segnent

in the urethabsashendbthds 06470nickime%, 46d BR%i68 @ainfabredvd alothVBasghShérat i 0 and
aratio of silicain the whole of the fixed grain abrasive cloth is 20-70
vol ume% and 1} hardpessed 49r¥10a abrasive cloth has a Shore D hardness of

40-100. 5.0 3 h f i d fer. di i
(D or (3) WARLT LR hofo g Rl Pt gy MRl i R AT e | O
sol ution havipg wherdhtif pdifthing 8 Tafidd0ut DY Rshg drMkslind S1dddn ﬁé@in?a net hod of

produci ng a bonded wafer according to item (1), wherein the scattering of
the terrace wideh!0-33 aoa potisking hignidl00 m over a full 10 periphery of the

waf er except a notch of orientatjon flat rt.. [0014], (5).A hod of
produci ng g lg@(ﬁ@éd wg%’)erAaIBE pdohgTe cf"cge‘?ﬁ?#, W%&?‘Eﬁo lf‘éé‘g é‘ﬁ’ﬁ‘ﬁﬁmess of
the outer pegi : LVE: i ym
[0015] (6) Awnhé‘?‘ﬁfég*l‘%$&ﬁ‘?%§%8fﬂ‘§‘§ﬁ A leéﬂgﬁoetr’ﬁ%%gg%?ﬁ(ﬁgﬁ{%wéﬁfm“ 1), 15
wher ei n tthe petipldriy g tlof whiee ekeapt &icrea potch iof oricstatian fiaegaout whi | e

mai ntai ning a__polishing anmount of not nore than 0.1 m [0016] (7). A nethod
of producing [@@dnde&ﬂmaﬁemﬂgeé@ﬁqumP@%ﬁc(imfer WF‘&?F& tq Hémzié?»i ve | ayer

met hod of pr ey Ba Safhéls HERE B phfinck fod (B deghve Byplh i re 0
pol i shi-ng i snegatthsmds ght. by using a sheet-feed polishing machine.  [0018]
(9) A nethod of producing a bonded wafer according to item (1), wherein the
polishing is [%IrSS i ed (Bt 3@6@911 9§ PEopsingshbonfledaedpnecaerding o gem (1),
15  wherein the polishing of the terrace portion is carried out while maintaining a
polishing amount of not more than 0.1 pm.
[0016] (7) A method of producing a bonded wafer according to item (1),
wherein the active layer after the polishing has a thickness of not more than 0.3
pm.
20 [0017] (8) A method of producing a bonded wafer according to item (1),
wherein the polishing is carried out by using a sh.eet-fecd polishing machine.
[0018] (9) A method of producing a bonded wafer according to item (1),
wherein the polishing is carried out by using a polishing machine having a
position control function.
25 [0019] (10) A bonded wafer produced by a method described in any one of
items (1)-(9).
[0020] According to the invention, it is possible to provide a method of
producing a bonded wafer wherein island-shaped projections retained on t he
terrace portion can be effectively removed by polishing the terrace portion of the
30  active layer with a predetermined fixed grain abrasive cloth at a small polishing
amount on the surface of the terrace portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematically section view of a main part of a sheet-feed



position control function. 25 [0019] (10) A bonded wafer produced by a
met hod described in any one of items (1)5(9). [0020] According to the
invention, it is possible to provide a nmethod of producing a bonded wafer
wher ei n i sl and-shaped Brojegtions retained ont he terrace portion can be
ef fectivel y PeHshig maghiesuiablador uee indhe pradugiden methagkofithe imEntieniand | ayer

wth a predeterm fixed } n_abrasiyve cl.ot t .a small polishing anount
on the surfaté@‘_lég‘]r"ﬁﬁge"‘s{tge&? B4R Heilishiete g PO OF THE DRAW NGS
[0021] FIG 1 is a s@iemptd §atlematRely eectivneMewlofa M papadfia sHeefeszbieet - f eed
-5- polishing machine suitable for use in the production nethod of the

i nventi on andolishing srachinersyitablgtfar eseinghe peaiductdon methyel ¢fthe meyention ahdnded

waf er; Fl i schemat i.cal.l,y section, view of a main part of a sheet-feed
pol i shi ng rraglmsifélﬁgﬁiatsgag?@?als%g%éi%ﬂ?€ ¥Prbduct i on method of the invention
and 5 illustrating gt 3i€a bheRRticSHEW D H&ﬁﬂg&@amfvﬂ{érciﬁl@ is?ﬁbl%lﬁna

schematic view of a bonded wafer wherein (a) is a plan vie shows an

| -regi on of (igw, (brshermamsl-eegion ob@i).oic) siov(hy Naregidqnd)f (b3 ard &Bds neactios ew
taken along a.line I1]-111_of ; d FILGS. 4(a) and (b) are photographs of
an outer per iVHfefaxen i OHG Hﬁ“gﬁofzbriiéﬁéled waf er of Exanple 1 as observed

by neans of an optic ' ] L. ' ' .and 120
times, respectively, %gﬁg‘ gagﬁ@??c% ?E‘c’l“’g%?’ Bs ng gﬁléh%? ?8?&%%21 é)(#rﬁgﬁ nggt er

peri pherad pobhdahwhier af Beacplt Wad eliscefeddonmpaimt ofvud opicahplicodcops witiser ved
by means of an optical mcroscope with magnifications of 30 tinmes _and 120

times, res pe&agygfﬁgaﬁomsOb&émepﬁpmwjﬁmqqerqsmeném fedged (D022] The
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thereafter exfoliating the wafer for the active layér at the ion-inplanted
portion 20 oBf0itheesyindel?0dépesh rgppsttivadyy t hr ough a heat treatnent to | eave an

active [ qyer on an  prGCRIPTION OF THE PREFERRED EMBODIMENTS
[0022] The invention is a method of producing a bonded wafer by bonding a
wafer for an active layer ion-implanted with a light element such as hydrogen or
helium to a given depth position onto a wafer for a supporting substrate, and
thereafter exfoliating the wafer for the active layer at the ion-implanted portion

20  of the given depth position through a heat treatment to leave an active layer on an
outer peripheral portion of the wafer for the supporting substrate and then
polishing a terrace portion of the active layer formed on the outer peripheral
portion of the wafer for the supporting substrate due to sagging of an outer
peripheral portion of the wafer for the active layer during the exfoliation.

25 [0023] FIGS. 1 and 2 are views illustrating a main part of a polishing
machine suitable for conducting a step of polishing a terrace portion of an active
layer after the exfoliation in the method of producing a bonded wafer according
to the invention together with the bonded wafer to be polished, in which FIG. 1
shows a state just before the polishing and FIG. 2 shows a polishing state. In

30  these figures, numeral 1 is a sheet-feed polishing machine, numeral 2 a fixed
grain abrasive cloth, numeral 3 a polishing head, numeral 4 an adsorption pad,
numeral 5 a polishing table, numeral 6 a bonded wafer, numeral 7 a conduit for

introducing a polishing liquid, numeral 8 an active layer, numeral 9 a wafer for a



outer peripheral portion of the wafer for the supporting substrate and then
polishing a terrace portion of the activg.l ayer forned on the outer

peri pheral portion of the wafer for the supporting substrate due to saggi ng
of an outer peripheral portion of the wafer for the active |ayer during the
exfol i ati on. SYBpOftUILstratesand nyrRerap 18 SO1\slands a9 anjistandrshapedipioigctiopart of a
pol i shi ng liNe Sk r ct a f _pokd shi .terrace
porti-on of gﬁﬁ)‘géri veﬂl{j g@desr?rag t%oﬁﬁpﬂlg réé( 0 ?%?élhgﬁt'feﬁdtﬂ%glsﬁr@g%ac@é cl[I)lr oduci ng

a bonded waf BIGR\ICLaidI2)g mdiflyt d@siripted iWidithe eged Pelishthd Redd® phefdieidonaf er to
be polished, in which FIG 1 shows a state '};ust before the polishing and

FIG 2 showsitisigéadeshith thesfizadegraimatzasivheloth 2 embeddingrmanst ixedigrains2a

heet - f | i shi ' | 2. .a fixed i.n abrasi | ot h,
nuneral 3 a DSTEL PR g sRSie AEES Sovined vl Serah Sl iorbfiaf paa
pol i shing taiphebosdedsyaer 6 i@_fig@d‘gﬁtﬂm%’lﬁﬁﬂ:to Wlfﬁhiﬂg AbRO b gt G

I ntroducing a polishing liquid, numeral 8 an active 1ayer, nuneral 9 a wafer

for a -6- suplborptiongpmivhsyhike the fived gnaimabedsiveOclG@ 2 isshavaksdawnveard from

I sl and- shape rojection, 0024] The illustrate ol i shing machine 1

(sheet - f eed Mﬁe#ﬁ? ﬁﬁn‘%&c‘ﬁ#‘@gi“ﬁ top, gigen HO%W@)“ﬂit ey SPTfacoMa PEEt ed with
the rigid polist r.OV.k: | ks | | ain
abr asi ve cl o}f’ %éﬂzﬂcgﬂnﬂ’g’gﬁ%gf ﬂn‘é%%h?i@%e‘@pg?das?lﬁgﬁ%i‘g%? ﬁ%%&e‘?ﬁfegﬁtffr J’E’ ﬁgﬂ%}%:al shi ng
tabl e 5 proviviidld fesding thepolikhing liguidthiroeglods eoptnio N dispdsdd in Abentkdnded waf er

6 is fixed and nounted to the polishing table 5 through the adsorption pad
4, while theP9sisigyokthginolishingdicad 3cifgieRessatys noved downward from above the

bonded waf ' .00S L ] .
o pher al 028, oTRe odRiBE Medglor BT cARB iOE nRILGHBBRRNES ¢
pol i shed 10 wided Wafedbygsinpa watki fortiafGicliveliyer hid 8 wgifier #a€ a @apsbittihg 7

di sposed in a central osition of the polishing head 3, if necessary.
[0025] The psubstrateithrpughiafodcadtedsmart ¢ arptherh mere£opetetdy amethodduci ng a

Doned, LTy R0 R4 e S LS Fhof e Brll o) Foine 0 o1
a nethod 15 YRRESIfBr hi Bctivd BYOCDE- APt QHERAASIS 1 feldnhéht 3GEH XEhyd@YEEn ar €
controlled by bonding a wafer for an active |ayer ion-inplanted with a
| i ght el emenor kalim &sa gimgnaigpth pasitidredntom wafenfayiasppdapigsupsisite @ onto a
wafer for a a\%%%?tre} L}?f%lisattil?gs h{ea\%rgfer ?c?rdthe active layer at the ion-implanted portion
of the given depth position through a heat treatment to leave an active la.yer on an
20.  outer peripheral portion of the wafer for the supporting substrate and then
subjecting the surface of the wafer for the active layer to a thermal oxidation and
an annealing in Ar,
[0026] In the bonded wafer, it is known that a terrace portion is inevitably
formed on the outer peripheral portion of the wafer for the supporting substrate
25  due to the sagging of an onter peripheral portion of the wafer for the active layer
during the exfoliation. FIGS. 3(a)-(d) show conceptually the bonded wafer just
after the exfoliation, wherein FIG. 3(2) is a plan view, FIG. 3(b) shows an I-
region of (a), FIG. 3(c) shows a [I-region of (b) and FIG. 3(d) is a section view
taken along a line III-III of (b). In the bonded wafer just after the exfoliation, as
30 shown in FIGS. 3(a)-(d), the outer peripheral face of the active layer is undulated
in the form of deeply-indented coastline to cause a large scattering of a terrace

width, and also a part of the active layer is fixed and retained on the terrace

portion as island-shaped projections being called as SOI islands during the



thereafter exfoliating the wafer for the active layer at the ion-inplanted
portion of the given depth position threugh a heat treatnent to | eave an
active layer on an 20, outer peripheral portion of the wafer for the

supporting substrate and then subjecting the surface of the wafer for the
active | ayerckpliation,sp teat they kpyeinsablamg as previprdnmeationed. A Therefopsiit | n t he
bonded wafer,_ it I t dlon 1Ls | i | grmed on
t he outer perksinﬁhcesrs %rlyktggtr F})%%ocfeq}oﬁ@&\{/\gf@rg I%?'E)ﬁr/é ?EWS} ‘sﬁﬁ%’ﬁ%ﬁﬁi ﬁ’gmé% gcr ate 25

due to the saggeigg of thene@ideewidie smahandkeriovd ikeNisahdshepadgirejections dohe
active layer during the exfoliation. FIGS. 3(a)-(d) show conceptually the

bonded waf ertheigby maiferthe smiethagssoof the poter paripherphfape of tg(agfive daygr pl an vi ew,
FI G 3(b)S showsl an |- region of (a), FIG 3(c) shows a Il-region of (b) and
FIG 3(dyis® a%ection view taken along a line Ill-11l of (b). In the

bonded waf ergoasf afigd te}ﬂe‘s%fé?id;%gff:t%aceaﬁid%” SR diA n'féaﬁ@g d’f‘l(f@r)eﬁééj]z’ the

outer peripheral” face of the acti ayer 1s undulated 1nthe formo

deepl y- i ndent@wecomskimme vaecandseinamuar gdus chthedeirag widilhovara ide  wi dt h,
and also a part of t active layer_is fixed and retained gn the terrace
portion as i%qnanr]i‘ﬂlys%‘gtg‘éa"aé?roj é&%siﬁfﬁge‘%’é‘? Hﬁ‘tg@*’fcéﬂﬁé%g B’@gcioglt%‘&gaﬁﬁri ng the
-7. exfolialton; Y ew @ﬁn‘ﬁ' d.

Ther ef or e, ?étvmilpés %@e’%@??@ﬁ%@ ﬂlt‘ﬁ’é%@%“?ﬁ“ﬁ’?f" ﬁ{'o\r'ydg#é%tk] %Ié ac P@ggl ayer is
pol i shedit o wiitk of B@otchqairtiex bngn oficiitatior €at pereioni(dbtshomal s rardakeanove t he

I sl and- shaped projections to thereby make the snpot hness of the outer
peri pheral f&¢agPURke active layer 5 small. [0027] The term "scattering of

terrace W dt ok ed RROSIHA WRR0SpRoHhLE RS poPBHUSE R L iole and

m ni nrum val u the tTetrace w ove wafer. It

i s preferabl gctiRieih Bfeai€ ah bRlehNef SONEENAL rétamidEfroarfe ottedtpRripherabt nore
than 100 hum over the full periphery. Mreover, the terrace 10 width of a

not ch porti ofdcept the astive laysr when theeutpoperipherfliface efhibamytiveslayetist aken into

account._]0028] Al.so. the term."snoot.hness qf outer .peri. al, face .of

et ve. | Wyer vowgd kR st sheihker MR BURERRuraBis S RERAE 3G 1 om ¢ ne

?Et er F?r | p:"ﬁ'&?érablfa@lﬁﬁ R etBft GTGhé ¥RobANeEs 0B8R olifte peHpRdraP@Es Bheeal face of
e active |ayer 1S )

active layer is not more than 5 pm.
[0029] Further, the thickness of the active layer in the production method of
the invention is not more than 0.3 um in relation to the energy of hydrogen

20  implantation using the smart cut method.
[0030] A main feature in the construction of the invention lies in the use of
the specified fixed grain abrasive cloth as a means for polishing the terrace
portion of the active layer after the exfoliation. More concretely, the fixed grain
abrasive cloth comprises a urethane bonding material made from a soft segment

25  having a polyfunctional isocyanate and a hard segment having a polyfunctional
polyol and having an expansion ratio of 1.1-1.4 times, and silica having an
average particle size of 0.2-10 pm and a hydroxy group, and a ratio of the hard
segment in the urethane bonding material is 40-60% as a molecular weight ratio
and a ratio of silica in the whole of the fixed grain abrasive cloth is 20-70

30 volume%, and the fixed grain abrasive cloth has a Shore D hardness of 40-100.
[0031] In the invention, as shown in FIGS. 1 and 2, the outer peripheral
portion of the active layer, particularly the boundary portion between the active

layer and the terrace portion is polished by using the above fixed grain abrasive



15 viewed from above the wafer at a given visual range as shown in FIG

3(c). It is preferable that the extent.g@f the snoothness of the outer
peripheral face of the active layer is not nore than 5 m [0029] Further,

t he thlckness of the active layer in the production nethod of the i nventi on
i s not nore ¢ABhaying %elaﬁoY‘*eF@lsl“@ﬁtl?’b thée@h@rcgﬁpbﬁlaﬁﬂﬂrwgﬁd Prom thel ant at i on

usi ng. the TR S096d AR BIAER ML LA Yl GRTBIIMCHECD, Of the

invention lie grain ras V oth a

means for poddaaéumgom@té@mea@ﬁithp@dthe@maj‘thﬁdseoﬁﬂiel oter pagjheﬁafltfﬁde t he
exfoliation. Mdire concretely, the fixed grain abrasive cloth conprises a-
ur et hane bonefithe agti¥eeleyel nade from a soft segnent 25 having a

| yf t t d d t h ti I | yol
B havi g A003hanel Brerstt Boaegespai et Ftheie@af? béﬂfﬁ”cw&“iﬂ PoR
average par tisqingitsd %€, P4 tines Uud Mo Mralt MUCHALY 95 ?éé@,thﬁ”ﬂlfl‘nﬁé%t bR of the

hard segnent in the urethane bonding material is 40-60%as a nol ecul ar
wei ght rat i cabrasive clotlabéopnms ted haﬁeamdmasﬂhyedamagﬂ thé wialfiex, hilewlgmat n abr asi ve

cloth is 20-70 3 ql une ndth i.xed grain rasive cIothh Shore D
har dness of %ﬁ&%&/tww&r Tagive OtLrWE‘HP Hipo Sggt as‘%cﬁﬂﬁ ‘%Oﬁr?ﬂl@é‘ 2, the
outer periphgfaks 85&’1 B8R tﬁgﬁe}ljﬁ& ﬁﬁft(?\ﬁesufﬁéigﬁt y. particularly the boundary

portion between the active ayer the terrace portion is polished by

usi ng t e abf®ed3f i xeWhgh aheratiorafshy BardSegolkeot i thavidiBadetondb/material
construction, whereby the SO islands resulted fromthe exfoliation of the
active | ayerlsé%ﬁﬁ than )% as @i melegulapsizh ratio. the wdficieat h#rﬁaeﬁsﬁém’scat tering of

the. terrace YD AnaksnolBgl 10sse pldGnall B REMENEIAD (2Shal the

active | ayer ere expansion ra ane

bondi ng mat efithé polishihg. M Wiile! Whdn # e‘%c&dd@'&i‘ﬁ)% shélbgrdhessttiRomas tod ligh when it
is less than 1.1 times, the abrasive cloth beconmes too hard and easily

danmages the Wélftéﬁfﬁ isjaifpar aftrensing a flave sedisscrateieer th@ﬂdieamrfag ipplishadot h

por t1 on ot riidieg B e Tl CoMer TR b Ryhn s W iR 1T BRI i the
ur et hane bonﬂﬁwlﬂ?{%@rﬂa@d in the shBR{JuéiFhidPJeBhid:, Bol SaLé fHe 1%&1&1311 ratio, the
sufficient hardness is not
omits the finish polishing, the upper limit of the ratio of the hard segment in the
urethane bonding material is 60%.
[0034] Further, the reason why the average particle size of silica constituting
20  the fixed grain abrasive cloth is limited to a range of (.2-10 pm is due to the fact
that when it is less than 0.2 pm, the SOI1 islands fixed on the terrace portion of
the active layer can not be removed sufficiently, while when it exceeds 10 pm,
the flaw is liable to be easily generated in the rear face of the wafer. Moreover,
the level of such a flaw is a level capable of removing the flaw in the subsequent
25  finish polishing, but since the invention omits the finish polishing, the upper
limit of the average particle size of silica is 10 pm.
[0035] As the silica, it is preferable to use silica having a hydroxy groﬁp
because it is excellent in the compatibility with the vrethane bonding material.
[0036] Also, the reason why the ratio of silica in the whole of the fixed grain
30  abrasive cloth is limited to a range of 20-60 volume% is due to the fact that when
the ratio is less than 20 volume%, the polishing speed extremely lowers, while

when it exceeds 60 volume%, the flaw is liable to be easily generated in the

polished surface of the wafer.



obtained and al so the steep terrace portion can not be obtained due to the
sagging in the polishing. Wile, when [§_exceeds 60% the hardness becones
too high and there is a fear of causing a flaw such as scratch or the I|ike
on the polished 15 surface of the wafer. Mreover, the level of this flawis
a | evel capa0d7bf Terdsitiony thtrecapomwhy ihe borsUb bavgness offthaifikd gedinshi ng,

but since thg._invention ,.om LN sh | i.shing, .the.u | i.m.t of the
ati o of t helmari CloyR iRilid fo MO0 & o B R W el e PR e ss00a4)
Further, thethaf@80theWideptiBRaciVisraos jmttdb@diﬁe@az@toq&le%ag%ﬁ%iﬁ:ﬁ&st ituting 20
the fixed grain abrasive cloth is linmted to a range of "0.2-10 pmis due to
the fact t hpolishing, whileiwhdneid sxcdeds 100,2he njoth hecc®@is toe lhardiand thedtivois t he

suf ficientl whi | e

terrace portj. f  the active Jayer c ot ber ve ,

when it ce]éag’rsie g‘bb?‘rFaSﬂtyk@nFTaé‘?)d 'iléﬁ? Pgﬁ{’}@ tSYTIBES Qg eI‘Y/adf_@TeneMﬁfeé’éf 5% he rear

face of the Pé@fl‘%f-s_u%’ra%‘(@fs’a leb e le@lotffi’émﬁﬁﬁg tf\’e hh@"’i’n'tﬁc &ubsEyifint capabl e of
e f 25 ol 1

renmoving th aw I n the subsequen I nis shing, but since the

I nvent i on onfitish pbHsHing it spekitlshinvgntidhemits pler finish polisldhgtthe uppar age
particle size of sjlica is 10 gm_ [0035] As the silica, it is preferable to
use silica haitpf the ﬁﬁw&ya@m@ws PBcause it is excellent in the

corvati DUl oot {AeubE Sl ROSbAEDTRGECl mek903Ls iR i o [oosen

why the rati silicain grain Sive cloth is

limted 10 amethdgelcbine®th HIG KO2IZEI9T & WEe76®.t he fact that when the ratio
I's less than 20 vol une% the polishing speed extrenely |lowers, while when

it exceeds 60331 uneds thehrvention the aforgnieatioredrffecsseanbeyderstapeddyi n t he

pol i shed surfda In addition, the reason why the

f fer. -9- [0037
Bhor o b har di@pling he ?ﬂ"%‘%?%?ﬁ%‘“&?‘%?ﬂ[e?%?‘h%i ve cloth is linited to 40-100 is

due to the fpghof hat pyiiemlatifeadtardng % tHeSnt&ffon, iSO R1andbexitiggRn t errace
portion is not obtained due’to the Sagging in the polishing, while when it

exceeds 100, theterradequastive oo tssoutoopdriphdral partidgreof thawadfer Br theahiippottingoe
SR RO A TR R N S L
e POl iy, By BRGSO USRAS R el bR . The
For example, when the outer peripheral portion of the wafer for the supporting
substrate in the bonded wafer having a diameter of 300 mm correspoﬁding to the
terrace portion after the heat treatment above 1100°C is polished so as to render
20  the scattering of the terrace width into not more than 100 pm and the smoothness
of the outer peripheral face of the active layer into not more than 5 pm, according
to the method of the invention, the surface of the terrace portion is polished only
at a less polishing amount of not more than 0.1 um, and hence the step between
the active layer and the wafer for the supporting substrate can be maintained
25  surely.
[0041] Also, the polishing step according to the invention is preferable to be
conducted by mechanical and chemical polishing while feeding a polishing liquid
onto the fixed grain abrasive cloth. As the polishing liquid is preferable an
alkaline solution having a pH of 10-13. When the value of pH is outside the
30  above range, the polishing rate lowers and the treating time tends to become long.
As the alkaline solution are mentioned a solution of sodium hydroxide (NaOH), a
solution of potassium hydroxide (KOH) and the like.
[0042] Also, it is preferabie to conduct the polishing by means of a sheet-



[0038] At this noment, the Shore D hardness is neasured according to a 10
method defined in JI'S K6253-1997 or | SQ 76#19. [0039] In the invention, the
aforenentioned effects can be devel oped by adopting the above
constitutional elenents. [0040] Particularly, according to the invention,
the SO i sl afers notisbingigaghine.t he terrace portion on the outer peri pheral
portion of t fer for the su n 15 subs e n be rempved by

pol i shi ng thzﬁq rac(l:\jl‘f)r(ff‘f:"f'EfIOFltl erg?(;%edlsd’tr%\ﬁeﬁﬁ’i%w e RIS havi ng the
above const r gshfrétfuaktich ineﬁewthtaadcnﬂqmts(ml?%@seﬂmands%ﬁistiegmhe, when the
outer peripheral portion of the wafer for the supporting substrate in the
bonded waf er térzage pgrizomdingtire veaferofan3gCetfaetiveoly rremp@m@ hyslighttibie! peléhing: e
portion a%ter thet heat treatnment above 1100C is polished so as to render 20
the scatt®ri A§°F the terrace width into not more than 100 pm and the

smoot finess _ gaoddle OWBbrdifl I PIE Ao P 6P RTint EfticiCah R diRREd b BbRadipt 1o e
than 5 pm according to the nethod of the I nvention, e sur ace of the
terrace port mafieriia vidth ﬁteeﬁDbrsl:guds attamilgess theakiradd W:ammtemﬁvedmhim)r e

than 0.1 pm and hence the step_bhetween the active |ayer and the wafer for
the supporti fgnEibae the wallsRng of fheitiage et and thecimpoothngss of thy awer ¢ he

pol i shi ng stﬁ)gn@ifl&&rﬂb?gf{q% geﬁzﬂr ntion is preferable to be conducted by

mechani cal enm ca I hg | |l e feeding a polishing liquid onto the

fixed grapn Q00453 vemtmgh tisatiove matiysdhiohg ani siballiinsnfstahe ikheoan
al kal i ne solution having a pH of 10-13. Wen the value of pH is outside the

30 above rangeﬂmamomcﬁeﬂmmay b@@dﬂMHblnammpn@ftthewm@on| nMEOFeONEs t 0

becone Iong al | soI n are.. ned l.u odi um
v oxi de ¢ narg ot i abifeS R ol AR A Srfe oI PRBll ifPrRlenf ke
[0042] Al so, betwdes thé Hafiraby &etsﬁpg&ﬁ I\/g@hbgtfh@e @@d tiehichige DiyciBmAs @lca sheet
-10- feed polishing nmachine. reover, the pollshlng machine is

pr ef erabl e t ¢hatdheeoxidp bidintis Gﬂt exgglant: ol function in view of a point that only
t he SO XISt n terrace portion in the wafer can be
effectivé E@M %“glf' léht total polishing 5 anount.

After the formation of an oxide film having a size of 1500 Aa

silicon wafer for an active layer having a size of 300 mm is subjected to an ion
implantation of a hydrogen gas (acceleration voltage: 50 keV, dose: 1x10"7/cm?)
and the bonded onto a wafer for a supporting substrate. The resulting bonded
20  wafer is subjected to a heat treatment in a nitrogen atmosphere at 500°C for 30
minutes to exfoliate the wafer for the active layer at the hydrogen ion-implanted
position, and thereafter an outer surface and a terrace portion of the resulting
active layer are subjected to a polishing. The polishing on the terrace portion of
the active layer is a system of conducting the polishing every one wafer as shown
25 inFIGS.1and 2. In this case, a sheet-feed polishing machine is used to
conduct the polishing while feeding an alkaline solution of KOH having a pH of
11 as a polishing liquid onto a fixed grain abrasive cloth comprising a urethane
bonding material made from a soft segment of polyfunctional isocyanate and a
hard segment of polyfunctional polyol and having an expansion ratio o f 2 times
30  and silica having an average particle size of 2 pm and a hydroxy group wherein
an existing ratio of the hard segment is 50% of a total bonding agent as a
molecular weight ratio and a volume ratio of silica is 40% and a Shore D

hardness is 55 at a state of positioning the fixed grain abrasive cloth with respect



[ 00441 According to the nethod of the invention can be obtained a bonded
wafer in which the SO islands retainingpn the terrace portion are renoved
while controlling the scattering of the terrace width and the snoot hness of
the outer peripheral face of the active_ |ayer. 10 [00451 Al though the above
ner el y showstatheowssderpherabportiea af iheagtivedayeria thobendedgvaferas shoNg itmy be
added w thi Npf; SEope of the invention. Mdireover, the bonded wafer includes
a case that an"oXide film (insulating filnm) is existent between the wafer
for the suppgd7]g spbshpaheveBdahpR gcti ve |l ayer, and a case that the
oxide filmis not existent. 15 [00461 (Exanple 1) O After the formation of
an oxi de film havi ngAsbasided wsfer]is pooduced in el samermenrtfesas imExamplect | ve | ayer
having a size of,K 300..mm i.s, subjected to an.ion. . inpl.antation of a hydrogen
gas (acceﬁger 515‘?6855\?8%&@41.51‘% %@F?@&C&I’Oﬂ‘fbﬁ%h&?f&we ar?f'd’rt“‘nlé(%bonded onto a
waf er for a gsppRefdd ng substrate. The resulting bonded 20 wafer is subjected
to a heat treatnent in a nitrogen atnosphere at 500C for 30 mnutes to
exfoliate thi048] er {Compiretine Examplesl)er at the hydrogen ion-inplanted
position, and thereafter an outer surface and a terrace portion of the
resulting active Iaéetf"“éiiﬁ@‘%aﬁﬁjléﬂg& gl%tt oRmEHnFyer pRdn FZpmBlE hg on the

terrace portj i s t ] | i shing
cvery one. vapppatat HeckciSkhthal RkElerkil s i nEADRERN BOCRAE. 3
pol i shi ngo mafiked grais abiasigte ictothconduct the polishing while feeding an

al kal i ne solution of KOH having a pH of 11 as a polishing liquid onto a

fixed grain HH8L; ve(BYaduatioagnpthpdl ng a urethane bonding material made from
a soft segment of polyf %%héc%@%he;%ﬁgégﬂﬁ{eﬁ b%ﬁggcﬁwg?%g,ﬂhg%g?%géﬁ%

pol yfuncti onal polyol an avin anston r anéind

silica havi ng:t#iRind\atio @€ SPANilasdsS nfdad@refleniof 1N 304HteRinBYSH O NcORRUR addier ei n
an existing ratio of the hard segnent is 50% of a total bonding agent as a

mol ecul ar wemghsurementofamposhnest oftherautérpesiphetal facg df$he@otiwerldyer ®hore D
nar e 5 Bl B Pegh RORRL R Pot i SRS BRI NG ¢ oLl v T
bonded waf er js@dg RAWho'wh in FIG. 4, and the measured results on the retaining ratio of
SOl islands, scattering of terrace width, smoothness of the outer peripheral face
of the active layer and polishing amount on the surface of the terrace portion are
shown in Table 1.
20 [0050] Table 1

Retaining Scattering of | Smoothness of | Polishing
ratio of SOI terrace width | outer amount On
islands (um) peripheral surface of
(islands/mmz) face of active | terrace portion
layer (um) (um)

Example 1 0 70 4 _ 0.05

Comparative | 49 300 >100 0

Example 1 '

Comparative |2 150 10 2

Example 2

[0051] As seen from the results of Table 1, all of the retaining ratio of SOI

islands, the scattering of terrace width and the smoothness in Example 1 are



FIG 2. [0047] (Conparative Exanple 1) A bonded wafer is produced in the
sane manner as in Exanple 1 5 except thgi.the polishing on the terrace
portion of the active layer is not conducted. [0048] (Conparative Exanple
2) A bonded wafer is produced in the sane manner as in Exanple 1 except
that the conb@Hriassemppredevigh diose abflasipasatbiedisampley b and 2nssdd thy totHde above
10 fixed grajin.abrasive .cloth 049].. ( Ey,al uat, net h . W [ ct to
the thas oot n BN SndEy CiThErer®? pbish R AL APERBRPREY i bah RS of °sa
i sl ands, neagdiateitat 8f CobRpaftivt Bxahiple Of whits flRCGRlYY 6ft Qompgrativeasur enent  of
snoot hness of the outer peripheral face of the active |ayer are 15 carried
out by usi ngEzamplet? isdargar thaodhapd Exanwplobser vation results of SO  islands

h i I 4, d.th | t th i ni ti f Sa
< ands, Scall5F) ng' ARSI odRe AL SRl (RPieREeAPEPOIER: pher o
face of thep,@ahtmg a lﬁiﬁ%cfl %@erpv‘?ﬂlér[@i'(ij‘ﬂ imn&@ﬁﬁg %}Bgchgnﬂértiiﬁé@oﬁ’ft hthe terrace

portion are “shown~in Table 1. 20 050] Ta etai ning Scattering of
Snoot hness oferfdoé pettiongcanrtetdffectifecl$@mbeed by polishdh g theuteamcapadion ofrihe | sl ands

(m peripheral, surface of (jslands face of, aciive terrace partion

| ayer m Exaff$ive laves wigh a preds rﬂwsfpg%m g9 Ayaypp clotipat smpl pRlpng

Conparative gmm o]nothg suffé tﬁ?%&ﬂ%wﬁl‘ﬁ? seen fromthe results of Table
I

1, all of the retaining ratio o slands, the scattering of terrace
wi dt h anth t he snpot hness in Exanple 1 are



-12- better as conpared with those of Conparative Exanples 1 and 2. As to
the total polishing anount of the terragg.portion, the result of Exanple 1
is substantially equal to that of Conparative Exanple 1, while the val ue of
Conmparative Exanple 2 is larger than that of Exanple 1. 5 [0052] According
to the i nventYin is flpimed §sossi bl e to provide a method of producing a bonded
waf er wherein island4shgped..pr;0jcections refained on,t.he,. terrace.portion
can be effectively réhp%e%cbh?dﬁiglp?é u!crllngg%ﬁ_én%egrvy%l%ébﬁgw?lgﬁ ao‘?%ﬁg’q’ aélct ive
llayer with aagiiwedayerichisghidotedditiadight Rmasit ¥ecit 4Pk yiraberfoSieium fPd | shing
amount on the surface of the terrace portion. 10 -13- at is clained is: 1.
A nethod of pgheadspgpasitionentd awadfer fdsye suppoiting sabstadter andghergafternct i ve | ayer
ion-inplapted with a,li | epent .such a gdroe or .hel ium a, given
depth bott | GrtouAtieE e irier Farghe Bteficfupi ahe Llmlimlaflee pario veedivd: 5
extol ating ubanaRion(tBoush R} idfileRY &Y e At RNaldRIAH SlcPOr L1 on of
the given depth position Chrough a heat treatnent to 1eave an active |ayer
on an outer ppephelgraatiopof theomafef fdrttbe swgfpertidmsutistratesandptbed poijshsngat r at e
and then polishing a, t?e]trrace,portio of the active I_ap}ler formed_qn the
outer peri phéerraaceiam% th¢ aptive laygs gﬂmFQPntth%OE‘ﬁb%ﬁlE eiy nogteR Phthe due to
saggi ng of a t ' al | : | ve | ayer
during the onfoyial (8RN sulEt B s otdd | AL pipbkhd pBRIen'C | 22
the acti ve | aydie wafecturitheactdnetlapériduringithe defodiativned whiskthe glishingadtr asi ve

cloth to renove island-shaped projections on the terrace portion mnade from
a part of théhedetrrgeportipnof fha adivedayasrds Farpigd Sus withtapredefenpined fixgde Wi dt h

and snoot hness..of . ripheral .face of the active |layer . a given
15 range. 2. BriRabRRy8 Heth BEHMAE ol trolcdFoBE b i st diigh )1 "
wherein the hiagedrdii aipartATRS hMB eQb Priw IR BTt Bla WER{RABf haipgtieng mat eri al
made froma soft segnent having a pol yfunctional 1socyanate and a hard

segnent  havidthandsmeothness ohan opler periphend fhes/ohidic antiex pansicongivani o of

1.1-1.4 ﬁ ne?dnge.

2. A method of producing a bonded wafer according to claim 1,
wherein the fixed grain abrasive cloth comprises a urethane bonding material
made from a soft segment having a polyfunctional isocyanate and a hard segment
having a polyfunctional polyol and having an expansion ratio of 1.1-1.4 times,

20  and silica having an average particle size of 0.2-10 pm and a hydroxy group, and
a ratio of the hard segment in the urethane bonding material is 40-60% as a
molecular weight ratio and a ratio of silica in the whole of the fixed grain
abrasive cloth is 20-70 volume%, and the fixed grain abrasive cloth has a Shore
D hardness of 40-100.

25 | 3. A method of producing a bonded wafer according to claim 1 or 2,
wherein the polishing is carried out by using an alkaline solution having a pH of
10-13 as a polishing liquid.

4. A method of producing a bonded wafer according to claim 1,
wherein the scattering of the terrace width is not more than 100 pm over a full

30  periphery of the wafer except for a notch of orientation flat part.

5. A method of producing a bonded wafer according to claim 1,
wherein the smoothness of the outer peripheral face of the active layer is not

more than 5 pm.



20 and silica having an average particle size of 0.2-10 mand a hydroxy
group, and a ratio of the hard segnent iq the urethane bonding material is
40-60% as a nolecular weight ratio and "d%atio of silica in the whol e of
the fixed grain abrasive cloth is 20-70 volune% and the fixed grain
abrasive cloth has a @.hOA%etPo@afﬁﬂﬂ%@inr@fa Beindd8 Krafébacordin R Hladn of

produci ng a bonded wafer according to claim1 or 2, wherern the polishing
is carried outh¢sginidi pgliskinglok e werasopentionrs havicd us whileohaintpinin@ags a
polishing liquid,.4. A nethod of oducj ng a bonded wafer according to claim
1, wherein t lsg%atné?’gﬁé’ Sf’t{r'ﬁééa{h@??ﬁafc@gw dth is not more than 100 |um
over a full 30 peripherx REthb®8f PRIJGEING Il Watér aﬁ:%ﬁﬁng)fo QhingfRt ation
flat part. 5. A method of producing a bonded wafer accordihg to claim1,
wher ei n t e swhathntbs sctife tayer afirehe pelishinghad a fliclmess$ of hat moteithen D&yer i s
not nore than 5 m -14- 6. A method of producing a bonded wafer according
to claimi1, wWW8rein the polishing of the terrace portion is carried out
while nmaintaining a ol kshi %I%\;vﬁ : - 74 A met hod
of producing a bondedgmégﬁétgg%gggw%c@g a%d%ﬁ%&f (engbéll}%ﬂjtﬁ]gmgéiive | ayer
after the polwhéreigthbpslishinfiickareissd oaf bynosingarsheéthfaad PoBshing nfachibenet hod of
produci ng a bonded wafer according to claim1l, wherein the polishing is
carried out by using % sfideethedefipaguringiafpngdad fater according ta¢lngr lof
producin bo fer. accordi ng.t | aj.m 1, 10 wmherein the.polishing is
arriod i o Rorem R RSHoRER Smdabh fe bbbt Sn il Ghfonis PRIRE R o
function. 10, poditaanstagroMaimitioar oduced by a method as clainmed in any one of

clainms 1 to 9.
10, A bonded wafer produced by a method as claimed in any one of

claims 1 to 9.





