DESCRI PTI ON SO WAFER AND MANUFACTURI NG METHOD THEREOF TECHNI CAL

FI ELD [ 0001] The present invention relates to an SO -(Silicon
on Insulator) wafer suitable for a process of manufacturing a

sem conductor device in which an extrenely-short thermal treatnent is
conducted for no nore than 0.1 seconds at a maxi num tenperature of
1200C or nore, and manufacturing nethod thereof Thi s
application clains priority from Japanese Patent Application No.
2007-071800 filed on March 20, 2007, the disclosure of which is

i ncorporated by reference herein! DESERI ND ART [ 0002] Si nce
devi ces have been highly integrated and consunption of electric power

needed 1o work sucly, dey)cesBAS RERAHERIAAEASNIGH 1RERERRE! V- shor i

t hermal treatnent 'no nore secon s at a maxi mum t enperature
of 1200C or nore, such as |aser annealing, has been applied for a
process O&E@ﬁﬂua@gpgﬁlﬂg a device. Particularly, in the case that
only one side o q SO wafer is heated in a | aser annealing furnace,
not only an act o0 | ayer in the SO wafer, but also a part of an

i nsul at ed oxi deTHei grévehicyremtiomtlaessoppSOL (Siﬁwrondnwlgmﬂre«lafm@tah@afped

in spite 8 o Jhe otfgle‘qﬁ,{gag{%nﬁgh c&ﬁﬂa&‘:&e%fie u‘PCvlhﬁﬂ af bkt R - Mléhﬁéﬁnal

time. [00 een found t he support | ayer
heat ed evéfﬁatﬂ’éi“ sUeRdustednior toot moss thap Pdrtféo%%oadrﬁ mEfimyy @E’@erﬁg’re of

gener at ed 1 DAL odhotd) b hafi€acheingethodhgerssfpport |ayer and the
e Teee ohsserli DoliEh RETS FRENT IR RGP AL S AR So..

interface obstrUt ¥P I 'on [ocation is
gener at ed 2887-87 18D Hilete ns i March 2Re@lFy teadiclesprpl Qis‘t/}iﬂéh defnsPrpataiein bat
the regi onyMsde Reh@w the insul ated oxide filmlayer. [0004]

Such plastic deformation causes a defocus when the exposure is
conducted in the process of manufacturing a device, and deteriorates
t he yieIdBﬁﬂKGRO¢@DOBﬁTPatent Docunent Japanese Unexam ned Pat ent
Appl i cati on, éaé%fmblication No. 2006-237042 DI SCLOSURE OF THE

I NVENTI ON PROBL TO BE SCOLVED BY THE | NVENTI ON
Since devices have been highly integrated and consumption of electric power

needed to work such devices has been decreased, an extremely-short thermal treatment
no more than 0.1 seconds at a maximum temperature of 1200°C or more, such as laser
annealing, has been applied for a process of manufacturing a device. Particularly, in
the case that only one side of an SOI wafer is heated in a laser annealing furnace, not
only an active layer in the SOI wafer, but also a part of an insulated oxide film layer and
a support layer are sometimes heated in spite of the treatment being conducted for an
extremely short time,

{0003}

It has been found that, if the support layer is heated even for such a short time, a
large amount of stress is generated near an interface between the support layer and the
insulated oxide film layer, because oxygen precipitates near the interface obstruct a heat
conduction, and thus a slip dislocation is generated at a high density, thereby causing
plastic deformation at the region just below the insulated oxide film layer.

[0004]

Such plastic deformation causes a defocus when the exposure is conducted in
the process of manufacturing a device, and deteriorates the yield ratio.

[o005]
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[ 0006] The present invention takes the above circunstances
into consideration, with an object of providing an SO wafer which
does not generate slip dislocation, even if |aser annealing is
conducted at a maxi num tenperature of 1200C or nore for no nore than
0.1 seconds. MEANS FOR SCOLVI NG THE PROBLEMS [ 0007] The present
invention is an SOT wafer used for a process of manufacturing a

sem conduct or device in which a |aser annealing is conducted at a
maxi num t enper at ure of 1200C for no nore than 0.1 seconds, which

i ncludes an active layer, a support |ayer of a nonocrystaline
silicon, aMBCBEOSVRIE OFStHRIINYENEON | m | ayer between the active | ayer
and the suRRAEMsYShe 070} Byl iighinviaatibar | ng def ect densi ty
measured by 90 [1ght-scattering nmethod at the depth region of 260 pm
toward the suppt? 6} ayer side froman interface between the insul ated
oxi de fil m | ayerhepesehhinvaisipp tukes thaybsveicicmistampeLintonansi@ecatiddS vighBn
EFFECTS OF, T NVENTI ON Q . " i [ t he
7 gt - scatPl i i o 0 Sendrry "hishdara: BRERD MR b d1etr
net hod at anteelioejstdendusgidort aohaxpegn pamneeiee @f 4 H0°C 9p poFe or a9 ors thae
fromthe igf grmee between the insulated oxide filmlayer and the
support | ayer._.| Q. mre t X nB8, slip dislocation is not
gener at edﬁ%%]ﬂé?QEIS%evrmgfnﬂggrﬁﬂéggggconduct ed at a maxi num
tenperature of MROOC or nore for no nore than 0.1 seconds. BRI EF

DESCRI PTI ON OF ¥t£p%§%‘é\$m&{nogod%]SOI wafer used Gbr :J-pf-'(}%es@ A AW AGusAOW ng

a pattern (pattern of a heat treatnment in the_ Exanples.

FIG 2 is samifeediciog derienimigicd alater aMsaiinsds candnetsy at&rfgg‘lﬂ@afe%ﬁéﬁ?fﬁem

in the Exammkesc for no more thdr®.1 SechfdsawilichMchgles rowdtivg [yepatshygront layer
attern 3), of a heat treatment in : |G 1S a

i awi ng srod hyPeOSRlnLF AR R o fodytee prATRARRaser peryeen biabtveode

Exanpl es. 4ai Ghe5svipgory lopast ivdieedin iighivscatienien geficts denpéty umeasgredapy SOT

waf er.  BERGEt- MXEifeQRe thARRYNGp AT 18 H15r 2dVENIWN hOQdfd]rt 1ayer side fromt he

followi ng exanples, it is . .confirne hat slip.dislocation is no
gener at ed a@ﬁ%ﬁg}%?qﬂ%e%é? tl&dﬂ%‘éﬁt?%ﬁ‘lcﬁsélg‘gm8?‘28‘35?”3“ RT i mere than
t enper at urax10%ei200C for no nore than 0.1 seconds, when the

| i ght - scatg®#id gcq;efﬁgtmq%ﬂfdﬂ measured by a 90 light-scattering
met hod at the z@t@h region of 260 mtoward the support |ayer side

fromthe interf 8bet ween the insulated oxide filmlayer and the
support | ayef theSrésentmt@tiohadineg tke liflg/seatring defect density measured by a 90°

light-scattering method at the depth region of 260 pm toward the support layer side {rom
the interface between the insulated oxide film layer and the support layer is no more than
2x10%/em’, slip dislocation is not generated even if laser annealing is conducted at a
maximum temperature of 1200°C or more for no more than 0.1 seconds.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a drawing showing a pattern (pattern 1) of a heat treatment in the
Examples.

FIG. 2 is a drawing showing a pattern (pattern 2) of a heat treatment in the
Examples.

FIG. 3 is a drawing showing a pattern (pattern 3) of a heat treatment in the
Examples.

FIG. 4 is a drawing showing a pattern (pattern 4) of a heat treatment in the
Examples.

FIG. 5 is a sectional view showing a structure of an SOI wafer.



- EXAMPLES [0011] Exanple | A silicon wafer (oxygen concentration
of 11.5x10" to 13.6x10" atons/cnB (A d-ASTM) sliced froma -
nonocrystaline silicon ingot of 200 nmin dianeter was heated up to
650C, then oxygen ions with the accel eration energy of 200 keV and

t he dose anpbunt of 5x1017/cnR2 were inplanted into the wafer. As a
result, the oxygen ions reacted with the nonocrystaline silicon

waf er, thereby form ng an enbedded Si 02 | ayer (insulated oxide film

| ayer) inside the nonocrystaline silicon wafer. On the enbedded Si 02
| ayer, that is, on the surface of the nonocrystaline silicon wafer, a
resi dual Hsira@ODE Y& cCARR PINd eUTIHEMN N TIONdamage was for med.

[ 0012] gﬁ?g‘ﬁquent |y, the nonocrystaline silicon wafer was
heated at 1325 8 hours in a m xed atnosphere of Ar and 02. B
perform ng the hitghidlmar seuples tiniscaafirmed dat sbmdislopitvaiipnetacadyaigt her
than the epheddad: Middines %oﬂd%@@ef %ﬂa Ha%%uhh@mﬁ&@ﬁ% Utsh@b"(ﬂﬂ)r%lo'm&@n
waf er, and a nonocrystaline sil Lve Ia Lch

silicon attti®s Ovlerseconds Vagigdlr \ig ‘?cé?‘?fﬁ’é 5giafth§el§wf’383eg f?fl P%

nonocr yst alghPea8érligamdhodad ete.defihacdith c1ate s pivatdbe apbow &ybasyydr framd

t he enbed L

i or oscopdit K ArisRYEh IRk G BRI S Ny eiShahe Sl RIBTL SloMbre e,
was 200 ni@x1@fmn’t he thi ckness of the enbedded Si02 |ayer was 125 nm
[ 0013] ExamMAEs SO waf er obtai ned above was subjected to a thernmal
treatnment of pa i{n 3 shown in FIG 3. The thermal treatnent

i ncl uded the st | eaving the SO wafer at 600C for 1 hour;
heati ng i tExaopl830C at a heating rate of 1C/ minute (50 m nutes);

leaving it at 630G;far wgfep@&zgen B&REdRg ok Tor 119, SQWCt@-tB %xmataloﬂﬁ/chat €
of 5C/ m nute 5\60 m nut es

eawg}gﬂat r"% g 2%3

[ 0014] (O1d-ASTH ﬂé‘F%é"tc’md%ﬁlé’iﬂ?VY%@ $O0; AF%R F 208 "HR éﬁ‘iﬂ“'{eﬁ Was
i nsul at ed nextedlep o Bm"ba;hen ofypdn tidie vatlphentceleagtion enagyo€d0byeV minbihe
therma 11BRL IR KRS GYRLY tepeﬂ/fn?%n%d%g !tﬂe%zersCatsta%gungmg%&{ggq jons_

usi ng Mo manuf act ur ed

he
measur enerigacésd ‘t'lrfefhlmﬂgmcrsﬁﬁmeérli‘;ﬁg e e‘é?“’?ﬁf foglﬁtngsaézﬂ“tbé‘i‘qeﬁé W in

the 900 Ii g{ggm&a@m@rﬂmgaymtlhﬁak WA s ofOdreiIaRdillRyn Mrl?ifea.dl ah ﬂﬂ:garrfbeﬂdeght
wth a way [, are

Qu
100" i 1 DL RECTaBBLIS SURY SRR Hitg o RAIP Al ot DB ng
t he 90 scaltaleemefdithﬁ giplandtion damegs vaetferoiedd from a cI eavage surface of
the wafer. The 18 Pattered | i ght was attenuated by paSSI ng through a

filter. [00151 The neasured regi.ogn was_up t
gm from the i nt SPPssaeHet he drPrerstaiing pEAR BT (@S ?tfﬂe |aa§£#ﬁanfra ?
support | ayefs inas mikedvatmddpieréSof Ar dideOb.i gBy -perfatntisg itieg higefrenterature

density wag, [gzg%&@gmm&g&t%Q ofi it (ELEEIHNLEd ADHO T oVeR el ine

radi al ~di rect n ereln ramin e ra di rect]on
of the wafmenogeystakies sitieen wefsr.zandz ﬁepfr%ystﬂ[h@eféjcon layer (anTadive daygrt in g
shown in T@l‘ill:l@ s;j-lconTﬁ'tGmE wghd reSx@ﬂ'IgE@ Waﬂgor&% Gﬁtthedﬁlﬂﬁbtt yf @ Snohodrystaline

1081cnB. 16003 wafe ﬁe%cﬁ}%r? {hﬁya’ctlv er A f%ﬁ-ﬂ(bgideWHg 36’{ wms

subj ect ed i’ SRYT P aser
whi ch was peastred kmdsmma Haigm@@x@ssm@*bsmh ehdithe uesii grag thabihp dhicknpsi %the

| aser spi kguonoad W% ob UnNaant thidkn6RRd el eaibefed iTBXFeIWAL 1 BRLS At Ur €
of 1200C. Thenwéé& gsI{vas checked usi ng an X-ray topography method

whet her there ip dislocation mgrated to the surface of the
waf er or not. AdhaSPé&wafet obtrined shoivp wds siibfrctet itoa theemal twgatmebsefrpatiern 3as

shown in Tablg id rid.8018he ARk Batdent included the steps of: leaving the SOI wafer at
600°C for 1 hour; heating it to 650°C at a heating rate of 1°C/minute (30 minutes);
leaving it at 650°C for 2 hours; heating it to 950°C at a heating rate of 5°C/minute (60
minutes); and leaving it at 950°C for 12 hours.
[0014]



A silicon wafer (oxygen concentration of 11.5x10" to 13.6x10"
atons/cm (01d-ASTM) sliced froma nonocrystaline silicon ingot of
200 mmin dianeter, which is the sanme as that of Exanple 1, was
heated to 650C, and then oxygen ions with the accel eration energy of
200 keV and the dose ampbunt of 5x1017/cnR2 were inplanted into the
silicon wafer. [00191 Subsequently, simlarly to Exanple 1,
t he nonocrystaline si Iicon waf er was thermally treated at 1325C for 8
hours in a mxegd a r odugi n SO
wafer. The t i chnotdes ARl afes b8 aPlisefeoied o BYuRbEaHEL R e e
f or med by thehesupiaoy dagenemdadedt brathee thiermadr eemnemkeds usishgted by a 90°
transm ssi 2t
%gbg@aﬁgr Ctgegﬁ?_l ?ﬁ% @1(ngfgludn;anufat‘ﬁreh%%&%?ﬁxﬂﬁa&@néﬁﬁé A

| ayer was S edded er_was
125 nm [ Godd) The messurppignt GYhe b EIOBEING dedest (ignt PrakeRRg Lfkin the 30
subj ect ed fg@t-goatth@igmbihbd @ad cadticted bpatddeting 3 1howithianvdveEngtB,of arod

t hen defect densi t he t

i nt or f ace BbrRBSR T SaRorye a9t <4100 e Fh AT TRk AR A e gcon

| ayer of twederS@lershxf detectifig dire ?Wescamwrézghft whigh s tdetgaisd diom) aanledadsy a
900 |1 ght sﬁﬁéé cﬁrtﬁenvgafgiet h@geo%h@aed\@gﬂ%s attSHRENYE @ﬁﬁé&hﬁgtlﬂb’ué}ﬂa&ﬁt&
Mning & Snelti shown in Table 1,

li ght-scatteri né‘%ﬁé} ect denS| ty was 1.9x108/cnB. [0021]

Subsequent |y, t htge &@dsurdfregionivabixmrmythe débtmas26uin Eomeable interfene between
extremel y tﬁpqﬁsule&ghero%la ttlﬁle%h/npgﬁd Qﬁ?%gﬁpoﬁnﬁggrl aggs)ho%' fthI\f@sS 'ﬁhe
performed I f turin e, I1n a laser

anneal i ng liaw n@@tenmmdqu densiziives oRasgredpt g0 paints Eipeingd Eﬁrﬂémaw lzsleoc.
Then, whethgk kR&i8n WaShe Whfdr,dikas at in@NinMing radifdditedriéd6f Sidrdaecwes
t he waf er o t was checked using an X-ray topography nethod. As a
resul t, slﬁe{?ﬂdgé‘i TAR9Yn was not observed, as shown in Table 1.

[ 0022] Exanpl e 36016} A silicon wafer (oxygen concentration of

11, 5x10" 10 13. @flQ.sat w&ma'm( SLlOST1 o) pighil Chehrnf ORt density was
nDnocrystallne silicon ingot of 200 nun in drameter, which is the
same as thhi"’c??f“Exarrpl e 1, was heated to 650C, and t hen oxygen ions
with the accel go@t7ion energy of 200 key and the dose anount of
5x1011/cn were d

Subsequent |y, S|§rlrl1 ﬁ%inh? it E?? o ? f‘ﬁk&rﬁﬁ@%\%&%ﬁhg{t%ﬁ%& e’sﬂermEiy pnort
waf er was thbarairipdtgpent Qreaneaima)a’zie@ Ve pegforendria apwca%r?#%ea“famrmga
at nospher edeQriceAfn emderos%;ketméaﬁbg fehwéuﬁlangnammswh méRfneim tefdperature of

t hi ckness t|ve | aye nbedded 102 | ay. f or.nmed
he above TSNl e tiommshethd S¥iun a8 QR o aceal Prutelleged (R v
mcr oscopeshpAgzshpcate:&umtgrattmea thei okfaes of dke wakr actiove Aaypenesuffagh 6ifp
nm and thesfob%%@@gaopsbsw@d subrdded 19402 | ayer was 125 nm [0024]
Furt hernore 3 waf er was subjected to a thermal treatnent at
1100C in a ni xed®X sphere of Ar and 02, thereby performng a
sacrifici aBxamgldati on. The oxide film produced by perform ng the

sactifiolal 0Xt 6410 VAR, SLLRPE Lol LHPLENGYSY Ay B/l

Then, the thickness
transni ssi AT eligsd. f'%adnqﬂéglﬂ"chne t’H'@mt ingek pleddd of 'tt“he! ‘éiémt%te
| ayer was %BQRhfgthe sdnfd(3 Mat of ExampleTih &adibhredad e&w&%atﬂiﬁdxg}g@n told ®itnay

bj
and hen direstTaiceiRHRT ot OB VIG woof Bpisal o STl Rl pefl dmplind
i nterface baethesiticemuaienippor t Iayer and the insulated oxide film

| ayer of the 501gypfrer after the thermal treatnent was eval uat ed by a

90 light-scatter]ng nethod, usjin -441 (manuf act ur ed bY %1
M ning & Snelti n%“ ueptiyy 5)m11aA1§r ’gh pis, by |rgoqocrytstﬁléne silicon wa er was
| i ght - scat tlernsly defiecit Bes<) foy Mmsirsl inBx MG ciBosphere of Ar and O, thereby

producing an SOI wafer. The thickness of the active layer and the embedded Si0; layer

formed by the above thermal treatment were checked using a transmission microscope.



[ 0026] Subsequently, the SO wafer of Exanple 3 was subjected
to a extrenely-short thermal treatnment (laser annealing) which was
performed in a process of manufacturing a device, in a | aser spike
anneal i ng furnace of a maxi num tenperature of 1300C. Then, it was
checked using an X-ray topography nethod whether there was slip

di sl ocation mgrated to the surface of the wafer or not. As a result,
slip dislocation was not observed, as shown in Table 1. [00271

Exanpl e 4 go f en. t f A

T3 a5k 1077 Srsuly traicorsss AHY FeSR EER VAR R el kel 81 e
silicon irvg@?ddsﬁsmﬂamhwaﬁlai afeter, which is the same as that of
Exanpl e 1, was tdaesme IIy oxi di zed at 1100C, thereby form ng a oxide
filmof 300 nm Then dr en ions, with the accleralon ner

50 keV and the dB%&% éﬁ@%‘ﬁ ne@%fdﬁ‘t/%ﬁ‘”%t“é’iw 118, B e PSR &
si | i con wafaeerat3nghows ln FiiGe 3patiddberf delfaxx fleroity iddecedjpyahe thennfad reatptntinher
SO waf er, [ Bel.eRY thAldh B 2y trtJnaa;Snthameqqsmgﬁyaeamw 6 GatB 6P ine(41E

waf e useothas an active |ay ue waf er used
as the actwafer 4ftey ghe tw@aktre%tae%w exalupted EHA Satieht- Settttémﬁéte&w USHE as

the SUDDOVMOLQXE{EmnﬁK&&@@ b9Q«m@ﬁntvﬁﬂ;‘&1g@ﬂS&Eltﬂ;g .Cox LA Astshod3 in Ba6lOT,7
at onas/c ocyystaline silicon ingot of

200mMm i n dtt‘éHE‘ttesFam\‘id %8#9?* d%PﬂQ ‘%aefr}gg ra@qfrﬁat of Exanple 1, through
the oxide film [dU?&h, they were subjected to a thermally stripping

treatnment at 60%%se5£t§1tlgbate Sbi Rk ragEmepw\@f“eaé sﬁ%&gedata ahReuasdly Vieort
| ayer into_a thin f er .a

bountary. BEFShEFHBER Q250 RERRHRE TR T T O 1B e PTOIRes CAPUATHIRE & o
st r engt henddvire, iadhesi epike tukmatértgyfuﬁhbaimhmgozmmo&?\@f awafgnun remplaratire of
these two %B% S m&eﬁﬂétgérq#%e Q'nggpddlsll_@;tf%n rﬁlgr)? qg lthetsgrfﬁc%rg}\fﬁe &mr

danmage generated on 'thée surface |za i on was

per f or med Pmpakhiasiehecked whiag §h £ ragftopeaanhyrmethad. was piErHh AR diyocation
thermal tr@af AgeBbsetvad] REnONY GETRbA MOSphere. [ 0029] The

t hi ckness of th gﬁtlve | ayer and the enbedded Si 02 | ayer of the SO
waf er were checke l}ISI ng a transm ssion mcroscope. As a result, the
t hi ckness d&&amHedactive |ayer was 100 nm and the thickness of t he

egbedded SIt 02 | ayaflicsr swate Qoxygen [c&%ﬁﬂatwn of 1154108 W 13%\?&&‘!‘ Msﬁdrdﬁed
Fre Ca T BRATED SEHEC R acminhEiRlng 1520 i oP a0 o GBS "

waf er at 8OGBhfipthe 4atheosrtbat ofi Beaniphyl,iwas hvte@méﬁ(éc- andiikentoxygen ioms embf
1. 5C/m nut gyd J:QQer%Jﬂjén%&}nof Ii@@fchﬂihd' the Bdde mgﬂﬁoﬁgx@’mﬁwew;ﬂp%ﬁdo‘c
2C/ mnute (25 m tesf and leaving it at 1000C for 8 hours. [0031]
Sinilarly ¢8° I‘:*B?éﬂt‘il"% $i¢"t he defect density induced by the thermal
treatment near tfy egg]nterface bet ween the support | ayer and the

i nsul ated oxide film he

treatment was ev% %ctué'%yybt? Hg ]é' |g’hatmp\£€g’t Ehe ménoc%ttaﬁne pf}E‘glal’vafef\/lgmﬁl41
( manuf act urdtazcimbly»r atglat RAIhE: & Bved inl ngincd. atms@hgre 0A§f§hé\ﬂ1 fhareby

Table 1, :af‘odhtlgmn §@9%§F 'ﬂﬁ ek Res oﬁ&t@aett\ae 1&@5 add thy 20844aB 5id,00R32]
Subsequent ected ta an

S

oxtr onely- <HTBiER CF B A (IREE AU OE 365 ATAF L PRy AP B geroscope.
per f or med lAm arq@ulatcasshxoknmanﬂﬂacmmw Agyea vohe\208 eym, i and ght dyemesspotkide
anneal i ng f {d‘ 1hNe a0l {4 on of a maxi mum tenperature of 1300C.
Then, it was c sing an X-ray topography nethod whether there
was slip dlslocatoiO%‘H mgrated to the surface of the wafer or not. As
a result, slip drgtreeasrkone BaEwhit wabasfesed to Asheahdwnratimenilalbl@C.in a

[0033] Corrp txeadt a{tr\rltgspll:ix rg?lAEf\ az]fd O3, thereby performing a sacrificial oxidation. The oxide

film produced by performing the sacrificial oxidation was stripped in a fluorinated acid
solution. Then, the thickness of the active layer was checked using a transmission

microscope. As aresult, the thickness of the active layer was 100 nm.



The SO wafer (the thickness of the active |ayer was 200 nm and the
t hi ckness of the enbedded Si 02 |ayer was 125 nm) obtained by-the sanme
condition as Exanple 1 was subjected to a thernal treatnent of
pattern 2 shown in FIG 2. The thermal treatnent included the steps
of: leaving the SO wafer at 600C for 1 hour; heating it to 650C at a
heating rate of 1C/ mnute (50 mnutes); leaving it at 650C for 2
hours; heating it to 950C at a heating rate of 3C/ m nute (100

m nut es); and I@@y}f ng it at 950C for 12 hours. [0034]

Simlarly to Ex e 1, the defect density induced by the thermnal
treat ment near ThﬁeSOhﬁeferaé@trwévm@ﬁ viah evas sppI6PtEd oy dhergalytreaiment of

i nsul at ed p@xd:H8 sﬁé»lnmrﬂ |yes, sh tﬁéﬂ%eﬁg denartyehd @bl of tHehEerh:EBtl’rd'ﬁ&hent near

t t t t ed 90 ht () t d

(manuf act an“ﬁ%teaé Aot B 800 Lhants e Rt Lol A0 ARt Bt s, 13,441
Tabl e 1, vwalfe afteghetscabl ©edtment def evtluatdeingi 4 90 Vidght-3¢aedNBhetBd, using
[ 0035] M0-44) ngB&?éEHﬁQé %?AM%&% teﬁf%&@ﬁ lcoCommpar @ts'sx@wﬁsaf%leel 1

was subje an extre y-short treat ment (| aser

anneal i ng)thafghtseafiazing eefees dapsdtyivies 4. gﬁﬂ%@ébs of manufacturing a
device, in a | agepeppi ke anneal ing furnace in the condition of a
maxi mum t enperature of .. 1200 Then, .| s.check usin n

t opogr aphy meth 'Ebs\‘f\ﬂ'}?f‘ﬂ%rztg? ggf &% gft an\ll\q?jly’s a(%égﬁgcotﬁdsmagex emal};%%{the
sur f ace ofthdrhel tyeafment Grsem otnealdsg) avhicsyds merfgmeﬁ) indg Bﬂomﬁam’ BInufReEiring a

obser ved, d@§1c§ hﬂ‘é@asEPSpT}@eb‘Jnﬁe&ng FROR8]of Qﬁﬁﬂ%{uﬁi ﬂe%ﬁ@er@ﬁ?em}'l 1Bo@C. Then 1t

The SO wafer (the thickness of the actlve

t hi ckness Y9 YRgked {5EEdaY XSantopoyany Rk %gg%ﬁ? g’,a‘ieaﬁfeﬂmoﬁ’sf ﬁ%“%‘ama
condi ti on migratedanesuFavead sy factradt. the aaeshhediipalisl¢catat wentot ofserved,
pattern ZaEhEVann a% 2. [0037] Simlarly to Exanple 1, the
def ect derSi y I'n ‘by the thernal treatnent near the interface
bet ween t he supﬂ@ﬁm-‘t I ayer and the insulated oxide filmlayer of the
SOT waf er ﬂfgw 4he thermal treatnment was eval uated by 90

| i ght - scat t ersilﬂ:ﬁ? rmtihr ifg @?ﬁi \?\gorﬁc??trﬁzg%ﬁ (Q?HTPEﬂ%tqrrtgd BbeéMTt %t% stm ng

& Snelting Co at t &P
def ect dentPiyASEAE) shtEi Towr & w@nodryodiay siticon ingot equem. iﬂydiﬂtlﬁﬁ‘- SC]

\tAﬁf er lof t C@mﬁn@tuevs%m%rfmt%f%l xeEfe U %@%ﬂ@kn@ooxmzem rwmtymsn

ermal tr eal | ro ess
of manuf ac ‘{?}5 ‘lﬁgﬁﬁ qu%‘eﬁholéiﬁ%é‘méﬁﬁtgé{‘ﬁ ?ng[?’Eﬁ‘ &'%?'ﬁ t he
condi tion 00 k&Y mthn ameomwe‘é’cm’f wir2 GfpQantéRHnto the fflicam wafehiaedogld

USI NG A% XuloRyukORAR! ARAY AELAAN LHERNG! dd'30f Ve, Stllér?ufj 'fabnﬁagasa on

mgrated to the surface o
amount of santpapbp@fléfmmmwg(@sévéfevwdnw@ﬁmw}a Tabl e 1. [0039]
Corrparatlve Exanpbgs]3 The SO wafer (the thickness of the

active | ayesrug%ﬁ ﬁ%’d‘hﬁ a{ aq.xgedt ﬂemé Qét@% r]%r%? WQI téxﬂ? wﬁfm sfl%%g \é}aqgtha ayer

was 125 nm e Same conditi’on ] gct ed
to a therrra#afqrrmd mntise olpRostt tagerh mﬁhmemﬂtm@f b {ﬂolot]o 13.6x10

atoms/cm® (O1d-ASTM)) sliced from 2 monocrystaline silicon ingot of 200 mm in
diameter, which is the same as that of Example 1, through the oxide film. Then, they
were subjected to a thermally stripping treatment at 600°C, thereby stripping the wafer
used as the active layer into a2 thin film by using the ion-implanted layer as the boundary.
Furthermore, a thermal treatment was performed at 1100°C to strengthen the adhesion,
thereby obtaining an SOI wafer in which these two wafers were rigidly bonded. Here,
in order to remove the damage generated on the surface, sacrificial oxidization was
performed in which the vicinity of the surface was oxidized by a thermal ireatment in the
oXygen atimosphere.
[0029]



Simlarly to Exanple 1, the defect density induced by the thernal
treatnment near the interface between the support |ayer and the

insul ated oxide filmlayer of the SO wafer after the thernal
treatment was eval uated by a 90 |ight-scattering nmethod, using MO 441
(manuf actured by Mtsui Mning & Snelting Co. Ltd.). As shown in
Table I, the light-scattering defect density was 4.4x1081cnB. [0041)
Subsequently, the SO wafer of Conparative Exanple 3 was subjected to
an extrenely-short thernal treatnent pser. ann i j C S
performed in a Pedligkwespe! thapiralar ‘?“%é Qe fl%dgng %%?ér ‘}qg{éeegog%‘fﬁre
anneal | ng wleter dhadi@d iusing haraendsiba eicrafeoge. Maxa mwauh, tienthekag¢se o€ thefacti®00C.
Then, 1 a5, Gheiel o, U A9 iRadlelst e RRIIARO/TI s YhEker Lhere

was sl | p focati on gr at to the surface he wafer or not. As
aresult, a Iar[@630<irmunt of slip dislocation was observed, as shown

in Table 1. [OO¢g] S(ﬁfﬁ/@ﬂ’eEBSﬁmEﬂ(aﬁﬂﬂeQVas then subjedtedl tlold?ﬂlﬁrridﬂft&ﬁtn(eﬁt(ygen

From a. moRBEYYeUHE FLPI4 o e RIRR (GRTBB0 Aot Sl r g e FOFC

the same asfarhasONE fExaphme; Heativgi 1o B6Y Fedtlayheattnaiiaeef b Clmogte, (100

t her eby f Qfimd: lﬁat?ﬁg'f # @d)fbofdb@éﬂ éjﬁeaflbé M OS5 220MhiRee (10843ks); and leaving
Subsequent| vy, obt ai ned above (the wafer used as the active

| ayer), V\ﬁtlaéﬁo%gf?:roﬁllé‘?“ésd with a silicon dioxide filmof 200 nit, was
stuck at roomtpopgrature with a silicon wafer (the wafer used as the

support ! ayer, %@{J%f? tg %&Qrﬁ rlattl’leog'efg)cft d%l]'SIéXll’lQL;IOZd tb tﬂ'egtlﬁm ]tyeatment

atonstcnB8 (4 d- |ce ffom a nonocry stalne silicon in of
200 mmin naarahw&qrfacwﬁt‘mmthe Stun@r%!aheé apd the h%ﬂﬂ%qd oidgfiimdayer afy ﬁ8{
oxi di zed, utakberaﬂbythprtm;ualt&gm@nt 8 aahﬁdds)ytaswaigﬁt-{cwér&fg)metﬁ’dﬁensmg hey

wer e SUbJ %(5 %g grgéml?ac{uneé{ é)}y MatévﬂbS{nYne rﬁ?neﬁtggnéo d gllps scﬁogvg i t‘I‘é@lnqt hen

t he adhesion. e etchi

per f or ned theollghhecapenng)tﬂvéﬂaﬂersurfwatzb'f'é)m *thd wafer used as the actl ve

| ayer, thereby feapvi ng defective parts of adhesion which lie on the
peri pheral surface of the |amn te ubstrate Tgen,

the wafer for tﬁ@sé@t‘a?'&/y the 3R W PRl 58[’5§ff?ﬂfcaé’ BPREY 786

surface ettisdninalgreatnear Gisgr ﬁmmnggwhmh &t parforhed/imra padebs dfnenhfartokings s

of about %8‘“21 9-1asLﬁspﬁﬁaiTa§g&gg#ﬁrm 8 it ?lmc@m& ST meh8h MRrature of

obt ai ned. ) he thickness of the active

| ayer was 12606 Hpen, &n’éﬂstch@k?%i“é%@s%‘f@‘ft"?‘rﬁéaﬁhﬁﬂﬁﬂé’fiéﬂleﬁlﬂ tereras iie

| ayer was d2ddétatish mVses tohhe cirede boOtha vidf@rormbt. tAs @atsan slipodislpedtion was 1
shown in Fl her. treatnent included the steps of: |eaving
t he SOT wa“f’g?bs%rtve;@ﬁéé it lg%'ﬁlour heating it to 950C at a heating
rate of 5C/ m nut®3350 ninutes); heat i ng it to I000C at a heating rate

of 20 m nWidphABvdERMMEs); and leaving it at 1000C for 8 hours.

[0047] The SOI wafer (the thickness of the active layer was 200 nm, and the thickness

of the embedded Si0; layer was 125 nm) obtained by the same condition as Example 1
was subjected to a thermal treatment of pattern 2 shown in FIG. 2. The thermal
treatment included the steps of: leaving the SOI wafer at 600°C for 1 hour; heating it to
650°C at a heating rate of 1°C/minute (50 minutes); leaving it at 650°C for 2 hours;
heating it to 950°C at a heating rate of 3°C/minute (100 minutes); and leaving it at 950°C
for 12 hours.

[0034]

Similarly to Example 1, the defect density induced by the thermal treatment
near the inferface between the support layer and the insulated oxide film layer of the SOI
wafer after the thermal treatment was evaluated by & 90° light-scattering method, using
MO-441 (manufactured by Mitsui Mining & Smeiting Co. Ltd.). As shown in Table 1,



Simlarly to Exanple 1, the defect density induced by the thernal
treatment near the interface between the substrate |ayer and the
insul ated oxide filmlayer of the SOT wafer after the thernal
treatment was eval uated by a 900 |ight-scattering nethod, using

MO 441 (manufactured by Mtsui Mning & Snelting Co. Ltd.). As shown
in Table 1, the light-scattering defect density was 3.2x109/cnb.

[ 0048] Subsequently, the SOT wafer of Reference Exanple 1 was
subj ect edt}}eol @?sc trlgnaaaf%t ﬁpn(g iww %h/c%[s eatnent (Il aser annealing)
whi ch was i a manufacturing a device, in a

| aser spi ke ann@ﬁ?ﬂng fur nace in the condition of a maxi num

tenperature of $23eentheih SOt wiAS ockcaﬁlllsadumﬁmpwnwsambﬁaww aphy
net hod whet her .t here i sur ace

| I t of
the waf er SOFERRYS °ﬁfsth§m’rs%§fﬁug?nql§llzfeg%%?g§r was ﬂr&eg SBYVEQ, f as
shown i n Tabbfectiring @eb¥e. Refleeesmile mmg@@ace in the cor#ﬁltsqnl qf@mxmfnu
(0xygen conggRkiatiomodc LinSa1Q" wio ol AR salesmy fogggrs@ydme@zmv»)

sliced froma nonocrystaline silicon ingot of i anete
which I's t%thgla%reaga& YHigg digpeapion migrateq to wgssuffﬁ%er ?rfaﬁhw“gwa."?bd
1100C, t he¢sahyslipatisiddagomwsd diseoed, ds shomeldn Tadlentof 200 am [ 0050]
Subsequently, t fer (wafer used as the active |ayer) obtained
above, which was covered with a silicon dioxide filmof 200 nm was
stuck wit lFosmpstativeBrrmpifr (a wafer for a support: oxygen

concentration ofrheldoSxdeddnd @ickdesO¥ABe aamrlmﬁ,fwaﬁmcqlxﬂ ASTMth;cahdssed

froma non ryst con i ot 0

the sane §g%l beg'%eq%@ﬁ{ﬂ’%r 1*%a Im(%t fbgﬂeg bEz’n"E!l of samte ¥ fr%%r%%’ iés’rrlr\é)\lgar a?ttl] ut e,
t her eby praduadijergedatoladirmalt tedtrsanb of pattem A shatvein) FIGTBen, they were
subj ected to thgpay |y adhesive treatment at 1100C to strengthen the
adhesi on, [0051 E Subsegrlfent é’f gri nd:,\k%g or. et h| ng %Ya
performed to t h&mEFy gA&ampie b riBe defgt qeRutafEd Ry dfe TP ratpine
layer, theesiye medrbive hgwekaftbctuppet paertand dfe iadivesi oddeviitmdhydr oethe SO he
peripher alwa?éf‘ fﬁ?%]eotfhemﬂrleﬂg:eﬂa\tiﬁdevﬁﬂgﬁa rb?t9%° E%Qlosl‘:égt]ten methodTQl%Hg

t he waf er use active Tayer was subjected to sur ace gl_rlndln
a8

or surfacé‘d‘éﬂéhl(ﬁgnUchﬁéP‘be/M%PWH@“%?? HealfingeCe-dyidy- 4t shpvnHa Table 1

t hi ckness 10 1;@RQutitediRPBe fOddedsity tlak S.5RE0tReP, a | am nated SO wafer was
obtai ned. [005 %38 The SOT wafer (the thickness of the active
| ayer was 1000 ]and the thickness of the insulated oxide film

| ayer was 200 nfpbsedeailneie SR tvafes ofgiomperapise Exerpple @t web subieated e ppal

treat nent lerer@SrIsﬁerthlerﬁQ\éﬂm'eﬂ (ﬁls&:*anﬂeahgg)m'ﬂi&f W¥s ﬁe@foﬁ%@@'a%r&eessto@e
defect densit t re t ment terface

1 nduc ea
et woen ¢ TALHSERE S EUGH e HOKT HogH e APER B e Pl s R
SO waf er tahpestetehef 1HOFGRI Thangat wentchawded eviag vat Bdapyoprag@plly method

l'i ght - Scatvh{%mepghegeﬂwggglp &’i llonglom éég&d(tngglﬁﬁk?%? eOWarld &5&& M. Ding

& Snelting Co ownln ight-scattering
def ect derrésiuﬂtyadfea&e Esnosuat 9f S@Q/de,sﬂmam[fb%zﬂbserved as showp i Tefleht |y, t he
SO wafer of Refmisence Exanple 2 was subjected to an extrenel y-short

t her nmal trceo%pqp Egﬁ&qhanneal ing) which was performed in a process
of manufacturi n%h ice, in a laser spike annealing furnace in the
X

condition of a SeliHrice e figkaps obfhe BSBRAaYeT s 209 pmyany the Bigkaess
using an Xfrpyeh 06 Siph YayeE o b Wit dedinddNgr e vage Snlipioflias Eeamdle on
mgrated to th f trp AS ¢ sult, slip
di sl ocati onas\/f‘faltgegt {{O%Dtgeer%aledea?mm z\‘/\/%"l’ h rabIe EG 2[60055] Table 1
[0040]
Similarly to Example 1, the defect density induced by the thermal treatment
near the interface between the support layer and the insulated oxide film layer of the SOI
wafer after the thermal treatment was evaluated by a 90° light-scattering method, using

MO-441 (manufactured by Mitsui Mining & Smeliting Co. Ltd.). As shown in Table 1,
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the light-scattering defect density was 4.4x10%em’.

[0041)

Subsequently, the SOI wafer of Comparative Example 3 was subjected to an
extremely-short thermal treatment (laser annsaling) which was performead in a process of
manufacturing a device, in a laser spike annealing furnace in the condition of a maximum
temperature of 1300°C. Then, it was checked using a X-ray topography method
whether there was slip dislocation migrated to the surface of the wafer or not. Asa
result, a large amount of slip dislocation was observed, as shown in Table 1.

[0042]

Reference Example

A silicon wafer (oxygen concentration of 11.5x10'7 to 13.6x10'7 atoms/cm®
(O1d-ASTM)) sliced from a monocrystaline silicon ingat of 200 nm in diameter, which is
the same as that of Example I, was thermally oxidized at 1100°C, thereby forming a
silicon dioxide film of 200 nm.

[0043]

Subsequently, the wafer obtained above {the wafer used as the active layer),
which was covered with a silicon dioxide film of 200 nm, was stuck at room temperature
with a silicon wafer (the wafer used as the support layer: oxygen concentration of
11.5x10'7 to 13.6x10"7 stoms/cm® (Old-ASTM)) sliced from a monocrystaline silicon
ingat of 200  .mm in diameter, which is the same as that of Example 1 and not oxidized,
thereby producing & laminated substrate (wafer). Then, they were subjected to
thermally adhesive treatment at 1100°C to strengthen the adhesion.

{0044]

Subsequently, grinding or etching was performed to the peripheral surface of
the wafer used as the active layer, thereby removing defective parts of adhesion which
lie on the peripheral surface of the laminated substrate.

[0045]

Then, the wafer for the active layer was subjected to surface grinding or surface
etching, thereby forming an active layer with the thickness of about 1000 nm. In this
manner, a laminated SOI wafer was obtained.

[0046]

The SOI wafer (the thickness of the active layer was 1000 nm, and the thickness
of the insulated oxide film layer was 200 nm) was subjected to a thermal freatment of
pattern 1 shown in FIG. 1. The thermal treatment included the steps of: leaving the SOI
wafer at 700°C for 4 hour; heating it to 950°C at a heating rate of 5°C/minute (50

minutes); heating it to 1000°C at a heating rate of 2°C/minute (25 minntes); and leaving
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it at 1000°C for 8 hours,

[0047)

Similarly to Example 1, the defect density induced by the thermal treatment
near the interface between the substrate layer and the insulated oxide film layer of the
SOI wafer after the thermal treatment was evaluated by a 90° light-scattering method,
using MO-441 (manufactured by Mitsui Mining & Smelting Co. Ltd.). As shown in Table
1, the light-scattering defect density was 3.2x10%%em>.

[0048]

Subsequently, the SO wafer of Reference Example 1 was subjected to an
extremely-short therma) treatment (laser annealing) which was performed in a process of
manufacturing a device, in a laser spike annealing furnace in the condition of 2 maximum
temperature of 1200°C, Then, it was checked using an X-ray topography method
whether there was slip dislocation migrated to the surface of the wafer or not. Asa
result, slip dislocation was not observed, as shown in Table 1.

[0049]

Reference Example 2

A silicon wafer (oxygen concentration of 11,5%10" to 13.6x10" atoms/em’
(O1d-ASTM)) sliced from a monocrystaline silicon ingot of 200 mm in diameter,
which is the same as that of Example 1, was thermally oxidized at 1100°C, thereby
forming a silicon dioxide film of 200 nm.

[0050]

Subsequently, the wafer (wafer used as the active layer) obtained above, which
was covered with a silicon dioxide film of 200 nm was stuck with a silicon wafer (a
wafer for 2 support: oxygen concentration of 11.5x10" to 13.6x10' atoms/em’
{013-ASTM)) sliced from a monocrystaline silicon Ingot of 200 mm in diameter,

. which is the same as that of Example 1 and not oxidized, at room temperature, thereby

producing a laminated substrate (wafer). Then, they were subjected to thermally
adhesive treatment at 1100°C fo sttengthen the adhesion,

[0051]

Subsequently, grinding or etching was performed to the peripheral surface of
the wafer used as the active layer, thereby removing defective parts of adhesion which
iie on the peripheral surface of the laminated substrate.

[0052]

Then, the wafer used as the active layer was subjected to surface grinding or
surface etching, thereby forming an active layer with the thickness of about 1000 nm. In
this manner, a laminated SO wafer was obtained.

10
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f0053]

The SOI wafer (the thickness of the active layer was 1000 nm, and the thickness
of the insulated oxide film layer was 200 nm) obtained in this manner was subjected to a
thermal treatment of pattern [ shown in FIG. 1. Similarly to Example 1, the defect
density induced by the thermal treatment near the interface between the support layer
and the insulated oxide film layer of the SOI wafer after the thermal treatment was
evaluated by a 90° light-scattering method, using MO-441 (manufactured by Mitsui
Mining & Smelting Co. Ltd.). As shown in Table 1, the light-scattering defect density
was 3.5x10%/em’.

[0054]

Subsequently, the SOI wafer of Reference Example 2 was subjected fo an
exiremely-short thermal treatment (laser annealing) which was performed in a process of
manufacturing a device, in a laser spike annealing furnace in the condition of a maximum
temperature of 1300°C. Then, it was checked using an X-ray topography method
whether there was slip dislocation migrated to the surface of the wafer or not. As a
result, slip dislocation was not observed, as shown in Table 1.

[0055]

Table 1

11
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[0056]

From the results of Examples 1 to 4, Comparative Examples 1 to 3, and

12
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| 'Reference Exanple 2 1 [0056] Fromthe results of Exanples 1 to 4,
Conparative Exanples 1 to 3, and

Reference Examples 1 and 2, the following is clarified. When an extremely-short
annealing treatment is performed, it is thought that only the surface of a wafer is heated.
Therefore, if the active layer has enough thickness, such as the cases of Reference
Example 1 and 2, slip dislocation of the support layer is not generated, since the region
heated in the wafer is restricted fo the active layer. However, it is thought that,
particularly if the active layer has the thickness of no more than 200 nm, a part of the
insulated oxide film layer and the support layer is also heated. Therefore, the infrared
radiation (IR) light scattering defect generates densely in the rapidly heated region.
The defect obstacles to heat conduction, and high stress is generated near an interface
between the support layer and the insulated oxide film layer, thereby generating slip

dislocation.

INDUSTRIAL APPLICABILITY
[0057]

The SOI wafer of the present invention does not generate slip dislocation even if laser
annealing is conducted at a maximum temperature of 1200°C or more for no more than
0.1 seconds, since the light-scattering defect density measured by a 90° light-scattering
method at the depth region of 260 um toward the support layer side from the interface
between the insulated oxide film layer and the support layer is no more than 2x10%/cm®.

Therefore, it is consequently extremely useful industrially.

13



Ref erence Exanples 1 and 2, the following is clarified. Wen an
extrenel y-short annealing treatnment is perforned, it is thought that
only the surface of a wafer is heated. Therefore, if the active |ayer
has enough thickness, such as the cases of Reference Exanple 1 and 2,
slip dislocation of the support |ayer is not generated, since the
region heated in the wafer is restricted to the active |ayer.
However, it is thought that, particularly if the active |layer has the
thi ckness of no nore than 200 nm a-pahks of the insulated oxide film
| ayer and the support |ayer is also heated. Therefore, the infrared
radiation (IR) light scattering defect generates densely in the

rapi dly heated region. The defect obstacles to heat conduction, and
high stress is generated near an interface between the support |ayer
and the i nsulattedS@kivefer fisedrfot aypercesstdfenalvipcyeng raeinipgndiciop device, in

di sl ocati on. TRIAL APPL] CABL L] TY. [ 0057] T r e
o esent | nvellitBi Hobamsar s arar dpt o aeky gel Bt l fimRlondey
anneal i ng i steapadued &d 260°Coormeoce, e Qlemgdarcatnprigngf 1200C or nore for
no nore than 0.1 seconds, since the light-scattering defect density
measured by a $98MFdhtTscattering method at the depth region of 260
gm toward the suppeitlajeayes mendeysfalingBilidod; andt er f ace bet ween t he

i nsul ated oxide filmlayer and the support .layer is no nore than
1081 €. _TherBfsPBeasHar BTE SAETEIRAAE iy st ey ISR e
industrially. @efiMbihtdcatbiingS@lecvaditity theeUrdiasy adopligeesstedhg method
manuf acturing a sem conductor device, in which a | aser annealing i

: is
conduct ed f oft hodspHtieiph 9h26 1 LBEEHAS SUpPOT Iavehadn fFm MhpisFateReRYeSR

1200C or nor g, iﬁéﬂ%teﬁ@%id\é%ﬁxﬁ!iayﬁ%&ﬁééug@jn 1By &1 98 rh B §ds5, afld SUPPOT t
I an 1 nsul ated oxide filmlayer

| ayer of a nonocrystaline silicon; an
bet ween t he actthatbickegpee! thpertivhByeuppdyam palgsr | wher ei n
| ight-scattering defect density measured by a 900 |ight scattering
nmet hod at the depth region of 260 pmtoward the support |ayer side
from an i nt e2f scmethed vewanufiveringsubat wafeoxpulprifind m | ayer and t he
support layer is 2x108/ e f.hj e Lye
| ayer is 200 n r%%cﬂ%ggsgaﬁy?{ekl}'%ﬁeﬁ%Sgn%ﬁ%a%%@a{gﬁfaﬁ%ggéﬁg%& %? I\e{r,
conpri sing: layeprfadusionystalirSGlicwafierantavverigyea andisul at ed oxi de film
| ayer between g, support |ayer mpnocryst al i ne sjiki . ,
active | ayer, glﬁe mgﬁy"[rﬁaélp ?r)élTel ?/&I vr%gfgrt ?Oﬁggtt%? %61#1 \%ﬁfdég%ecgg&tg%g&eﬁﬂled
| i ght - scat t ebly Ao efBE bcatteisy hythseasitie eehibyegbondF 26D gint toseat the suppgrt
met hod at the depth region of 260 pmtoward the support |ayer side
from an i nt elacEdbEeResineHece hesiaentheingyptad ofide fHm Aer a%ﬁ@e fRport
support Iayeqay'lﬂsi g;&’l{p,%{negpﬂegr | ess, wherein the thickness of the
active layer 1's 200 nmor 1ess.

wherein the thickness of the active layer is 200 nm or less.
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