-1- METHOD OF PRODUCI NG BONDED WAFER BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5 [0001] This invention relates to a nethod of producing a
bonded wafer conprising the steps of inplanting ions of a |ight el enent
such as hydrogen or heliumto a predefgrnm ned depth position of a wafer for
active layer, bonding the wafer for active layer to a wafer for support
substrate and then exfoliating the ion inplanted %?rtion t hrough a heat
treatnent. 10 2. DescriMEiTéf‘plgpﬁ%R@pé@mzlpBPm MFERe production net hod
of the bonded wafer, there is knowmn a so- called smart cut nethod conprising
the steps of inplanting ions of a light elenent such as hydrogen, helium or
the like into a wafer for BACKGROEYE OR{THE INWVENEI@ M ned depth position to

forman ion LnpLa | ayer,. bonding the wafer 15 for active layer to a
waf er for sug‘poir:‘tepdtsﬁgtg?f €89%f rectly or through an insulating film having a

t hi cknesss of [0} NDI'Enik kdRnHéh Mlaté@Xb Qlh&hddSf §rB8udS £boddRl vaEed ve | ayer at
the ion inplanted | ayer and thinning an active |ayer portion exposed by the

exfoliation tmpting &e steps of implagting 1pes¢fraglight slesetot suchias dpidrogeciness. 1 n

bondi ng. can basbt LB0rERRaBP B Podtion B WENE RS bt Poindhs'

convent i onal wafendormagtive Diyat MuewafeBfor Stsortsubsteate kid et axfolietintsed ighe waf er
(wafer for the active |ayer) in the bonded wafer plural tinmes, which | eads

the way to r&BRiated pertiopiropgh a peptfreatment st he wafer produced by the smart
cut methqgl 15 epneehibAbh of Refbf@ Afpi formty of filmthickness, so that the
I ced

smart cut nethod 1s"noticed as a production nethod 25 with future
potential . [(@93] | nAsthe fhohottidn wethed of thedhrmded bpferitherrimktovwns soret hod,

however, there . s robl.em t hat. as uried oxide fil L.nsulating film 3
becones t hi nﬁ@fe,d Su{?%i%‘%%b%%ﬁpﬁggﬁeeﬁﬁsq%lﬁpé@% %?t“ég]fét;hg he bondi ng

i nterface toelgiesf 40k at Bydrbgen, HbiRdrfl ofthe ke iito! anwdttFor Aetivelaperiabaconsi der ed
due to the fact that when the 30 insulating filmhas a certain degree of

thi ckness, gaEdstegained derth ppyjitiomto fosnfag ipmimplpntad tyes, beeding the wafer be
0001 PT35SOk 5B Sl Tyl graie bl suitige L0
hence t he gas$iés hgeingmahiekindsm of fiet nsoet dhanali jan, dxdaliating-the wafer for active
layer at the ion implanted layer and thinning an active layer portion exposed by
the exfoliation to form an active layer having a predetermined thickness. In this
smart cut method, the portion of the wafer exfoliated after the bonding can be
20  recycled as a wafer, which is different from the conventional bonding technique.
By such a recycling can be used one wafer (wafer for the active layer) in the
bonded wafer plural times, which leads the way to reduce the material cost.
Also, the wafer produced by the smart cut method is excellent in the uniformity
of film thickness, so that the smart cut method is noticed as a production method
25  with future potential.
[0003] In the bonded wafer produced by the smart cut method, however,
there is a problem that as a buried oxide film (insulating film} 3 becomes thinner,
voids or blisters are easily generated at the bonding interface to deteriorate the
yield as shown in FIG. 1. This is considered due to the fact that when the
30 insulating film has a certain degree of thickness, gases generated by the
exfoliation heat treatment can be incorporated into the buried oxide film, but
when the buried oxide film becomes too thin, the volume of the gas to be

incorporated is decreased and hence the gases generated in the exfoliation heat



treatnment can not be conpletely incorporated into the buried oxide film and
the remaining gas 15 results in the occurrence of voids or blisters. [0004]
As a means for suppressing the occurrence of voids or blisters, it is

useful to use a nethod wherein the thickness of the active |layer is changed
in 5 accordance with the thickness of thg_insulating filmor concretely the
strength of the active layer is enhanced by di m nishing the thickness of

the active layer, corresponding to a portion of the. insulatin i.| mthinned.
For exanpl e, aﬁn&?&%ﬁnd%og ° Fem -eg?ﬁ ’ﬁ'ﬁ%ﬁ’?%‘?&%’, th E&‘i‘%‘p?’gdﬁhlﬁgﬂ%@ev\her ein
t he thi cknessrdhaihiig gaf €3 tedlts RNBE odtaeid of widsBliteisapabl e of suppressing
the voids or blisters before 10 thinning can be experimentally cal cul ated

with respect {¥0the t4famransiossupniessingitheiecourmenge of voids ar bligets, as f or

obtaining a syj ' : | s ' tation of

| i ght el enent H%égﬁgb%i%g%@?ﬁ één%qﬁ%gh%%%g ﬁ%éﬁﬁkgﬁéggl}%a@h%pmver as

t he t hi ckness aaforddnee witkithkethidkinessiof thdinsuietthg flnnod comoregely krstiefgthnf t he

t hi ckness of the actjve | ayer 15 shoul d be 1hickened over 750 nm which
means t hat _théh‘"ﬁ_ ar?f}V%}ﬁyS"t‘is’Sﬁﬁ%B‘fhy B}@‘Pﬁ@ngi%thﬂcﬁ‘ﬁlﬂsérﬂfé]ﬁq YHVEIYE exceeds 750
nm 17 the | 0BokimbAflhald Horkitn bR ikelift A A thifed I OfrARabfil ant at i on
depth, it is required To use an expensive apparatus capable of applying a
hi gher vol t agdisalededhinsi8-4-20044289% 70 thyreaistai hgthddbwherain the tHislagescofithe hi nni ng of
the active |layer. becones. | arger..and,hence there is_a.fear,.20 that the

uni forni by of S iH cRnae s rhet SRRl O tpRg ity &F xBids SR PAGe AR | 00061
For this apd, thihning calebd £:6@riendly ehiRilatedrmthRepethey Bt thitliRsPefahe rence  of

voids or blisters can be suppressed wthout thickening the thickness of the
active |ayer B¥Hg dmtpsetoepditionyfozphiginipg & peitablethiskpess ol e ackize Bypded waf er

having a thing t: i : | iIlm(particularly not nore than 50
nm or 25 th?%&%%@g?ﬁ\%aﬁgg??ﬁ%@%%&%“g?%’%i de film SUMMARY OF THE | NVENTI ON

[0007] It is, [0005] ef obethe aretiald) FIP-A£R2004+2599W0chdvwemer,tas tiny thickdessaf thet hod  of
produci ng a bon waf er, erein the, occurrence, .of voi or.blisters can be
D fectivel y s opirdutns Mg R motkings U i e tnbknshpbhebivaipye

predet er mjged sBgL18 be EReltcRed\bid? TS0 nid) i ThEdhs it theinGliafSfonfepthia tREt | Ve

| ayer before thinning even when the thickness of the insulating filmis not
nore than 50 ieR mplettetionasoxeagsls 15Aom. atlf thy ipp implantpiooBramipdongiep t o

achi eve the al%) ¥l?0h%j Lﬁﬁ)ia‘ntatn%ﬁ d‘?&m e re%&‘i?e(%rlﬁé wgﬁﬂeggivgfapﬁa}ﬁtus
capable of applying a higher voltage and also a polishing quantity for the
subsequent thinning of the active layer becomes larger, and hence there is a fear
20 that the uniformity of the thickness of the active layer is not sufficient.
[0006] For this end, it is desired to develop a method wherein the occurrence
of voids or blisters can be suppressed without thickening the thickness of the
active layer before the thinning even in the production of the bonded wafer
having a thinner thickness of an oxide film (particularly not more than 50 nm) or
25  the bonded wafer having no oxide film.
SUMMARY OF THE INVENTION
[0007] It is, therefore, an object of the invention to provide a method of
producing a bonded wafer wherein the occurrence of voids or blisters can be
effectively suppressed by using a wafer for active layer having a predetermined
30 strength without thickening the thickness of the active layer before thinning even
when the thickness of the insulating film is not more than 50 nm (inclusive of no
insulating film).

[0008] In order to achieve the above object, the summary and construction of



the invention are as follows. (1) A nmethod of producing a bonded wafer which
conprises the steps of inplanting ions of a light elenent such as hydrogen
or heliuminto a wafer for active layer to a predeterm ned depth position
to forman ion inplanted 5 | ayer, bonding the wafer for active layer to a
waf er for support substrate directly orgthrough an insulating filmof not
nore than 50 nm exfoliating the wafer for active |ayer at the ion

i npl anted | ayer .and Ihinniqg an active | ayer exposed through the
exfoliation t8eiBYsHiPRareAsiiPYeVs.ayer having a predeterni ned thickness, in

whi ch the thickness OJI)tI}‘em@&’%’h?ﬁ’t)(ﬁg‘,ﬁéﬁg%f"%& %Q@r@vﬂic@%ﬁg{iﬁ&tﬂgt more than

10 750 m and an el ongation o ocation 1n a stre test of the
waf er for acstepeof impéantiog iorsefriighbeaenputls anbtdrogenertheimm i an at a

pr edet er m ned hi.ckness 0009 A hagd of . pr.oduci ng, a bonded waf er
according to iwtat%f?rla)cgve Wérrtgiarﬂrﬁég%’?%lre&?g}p%&‘fnﬁ ?fgg,@l? 100gFYP one or
mor e Conposentayes Bbadih@the wdted fof Bitiie 18R 1 s%%férh&nsu%p% A0kl prRig s, O
not less than 1.3x1018 atons/cn8 and C. not |ess than 1.0x1016 atons/cnB.

[0010] (3) A Aethreushen invulatingifin of nes meesithan 58 nma cxfoligiingythe ovaferdor (1) or
2), wherei : : f ded i bj ected t
87 ol mamm t 1 oyt aPRE i Aae S laybibd WRglod ko B BORGRRA D01 P 1O

t her eof 20 betlnrowgtithe ebfolialioroto AR iHe] acAoe iyl ingon prledeterviaed thidknedsher e can
be provided a_qrargéljggd of . .pr oggci ng .a bonded waf er wherein the goccurrence of

voi ds or blist é}FFtBEkn@P é“%‘ia&é‘F’?lg@’E‘p‘iﬁf%%ﬂ%}sﬁQt gofethar for active
llayer havijpg @5@5&%&%réldﬁEQtionS%frs%EQi?ﬁoé%ibﬂﬂf’% ﬁéﬂg‘ﬁ:{(ﬁagﬂ di9hd Qﬁ%%m}ckness of

the active layer before thinnin particu y not nore t 50 nm even
when the thi cketosdaysr befoge the dohding mgnotimdrenttian 190 tmretr epreteterntificdhm (i ncl usi ve
of no insulati n%ﬁ‘%i | M. BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] FIG 1 is a
vi ew for expl E[S'a probl em of the conventional bonded wafer and show ng

a state of gepopoeyi ngy M insthed oﬂfgmlubihgg)bohaedaﬂaﬁsa&c\sﬁﬁﬁg%emem 8o, FIG 2is
a flow chart show ng praqoduction steps of, a bonded wafer by a production
met hod accor dPh§reibhemaier forative feyenperans opgagr BaG omponeiteselecttd active

o S AN i, AL LA 1 L
state -4- and C: not less than 1.0x10'S atoms/em’.
[0010] (3) A method of producing a bonded wafer according to item (1) or
(2), wherein at least one surface of the wafers to be bonded is subjected to a
plasma treatment with a gas of nitrogen, oxygen, helium or a mixture thereof
20  before the bonding.
[0011] According to the invention, there can be provided a method of
producing a bonded wafer wherein the occurrence of voids or blisters can be
effectively suppressed by using a wafer for active layer having a predetermined
strength without thickening the thickness of the active layer before thinning
25  (particularly not more than 750 nm) even when the thickness of the insulating
film is not more than 50 nm (inclusive of no insulating film).
BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is a view for explaining a problem of the conventional bonded
wafer and showing a state of generating a blister (swelling) in an active layer.
30 FIG. 2 is a flow chart showing production steps of a bonded wafer by
a production method according to the invention, wherein (a) shows a wafer for

active layer treated by a thermal oxidation, (b) shows the wafer for active layer

implanted with H' ions, (c) shows a wafer for support substrate, (d) shows a state



of bonding both wafers, (e) shows a state -imediately after the exfoliation
of the wafer for active |ayer through heat treatnent, (f) shows a state of

a bonded wafer after the exfoliation of the wafer for active layer, and (Qg)
shows a state of polishing an active-M4ayer of the bonded wafer. 5

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0013] The met hod of producing the

bonded waf er ference to
t he acconpano;;%ﬁg&%ggg\nﬁn‘gge&[ ge())'s I nétigzqaémmfhlat&?ﬁgﬁrﬂ%ﬁ%bﬁ%ge&%%&gr%gexpI ai ni ng
steps of pr owafed fegactivetlayrtdbrouglt heat brgatirient, (f) sbiores & smtendftalmddeatwafedi ng to t he

co- cal | ea sriet B htoutEn B SRRy RENEAD 2 BRibl et phg ot 1 cast one

surface of epgmﬁlﬁg ad aétdve Iay:drlo\fﬁld}ﬁmﬂéd wafed. thermal oxidation to forman
insulatin f|Im3(S|I|con OXIde fil on suchasurface(FIG 2(a)),
irrplantirfglons of DEICP T MENIS i umto a

Lrn%ttﬁ% »&%eacw ﬂlrg%ff 1; %v&m Pof the

predet er m n pt h Q

waf er 1 for |ve I@&er%ﬁbépr ive |ayer
to a wafer fmﬂlt&txbmﬁedsmﬁstef@tme(t&H:(B&cc@ﬁpa)nyéigcﬁrédings and then exfoliating
the ion inpl d portl at tr ment (FIG ,2(e)). In the
bonded waf er[sg ‘ﬁducg’i‘lkb’%n% L%W’gPt 0 % @W“M@Pﬁ? frpgodyedRd &4t ing film 3

i's thin (congnaieifepay (HDf8dtdHRA ﬁ%mccoﬁdh@;ts thSindeRgaP! em that voids or
blisters 20 are easily generated on the way of the production steps to

deteri ortt e PAS]lyi ellde praduation methodwesurding ththednyrmtien vea smcalledtsmdites on t he

nmet hod of pr f Wt hout neratin ds or
blisters V\he(r?llgkﬁ%{h%g %?rr%@ &Fli){:/ao sg]%]teft%/n@ L{%Fgforfe s“#&feq?rg a'f;/eﬁ ck before
the thinni ngfor adnilefloento iﬂﬁtmhﬁoﬁdmoﬁ&cs e5igi dh inQflatidpefilved edilidoaroxaddd i ve | ayer
Itself can enhanced, even_when the thickness of 25 the actjive |ayer

before the t orrrgch & sytfacs (FiGhe (@\amplanging innsiof 2 piebt elament siskias hence t he
occurrence deﬁeﬂ%ﬁ glnﬂ:h ke fe?let%ﬁﬂm@&’ déﬁ{BBB.ﬁﬁ&? ondf3tkiRR n%e 2?61% t, there

is discovere a et capa reducin curre s or
bl i st er s15 evE® nuineof thhrwafee it iforadtiay dayer @Iﬁhﬂﬁ)) bondisg thebwaferbfor et el y, as

showmn in FIG .2, .the, pro i on nmeth 0 ordin t he Jj nvention
conpri ses a aé’ng)lagFrﬁc'ﬁp‘fvﬁﬁff g?“PRﬂH%S gtrei Fﬁffﬁr Egll)éﬁqsifﬁ) 61?13 as H+ into a
wafer 1 for @ﬁéliatﬁﬁkﬁ’é/ﬁh ifnblatted4oftion tﬁf&\ghdméameahhémqprd IXOWh an
insulating film 3 having a_thickness of not nore than 50 nmthrough thernal

oxi dat i on tothﬁlapmeéanferrprpwed@vé@ 5%?&?Ut@§h0<h“&eééhﬁ@ﬂ#ﬁw&ﬁ]@b§)t h fromthe

- 5- is thin (concretely not more than 50 nm), there is a problem that voids or blisters

_._)

20 are easily generated on the way of the production steps to deteriorate the yield.
Now, the inventors have made various studies on the method of producing the
bonded wafer without generating the voids or blisters when the thickness of the
active layer is not made thick before the thinning, and found that if the strength
of the wafer for active layer itself can be enhanced, even when the thickness of

25  the active layer before the thinning is thin, the swelling can be prevented and
bence the occurrence of voids or blisters can be suppressed, and as a resulf, there
is discovered a method capable of reducing the occurrence of voids or blisters
even when the active layer is thin.

[0016] More concretely, as shown in FIG. 2, the production method

30 according to the invention comprises a step of implanting ions of a light element
such as H+ into a wafer 1 for active layer (FIG. 2(a)) provided on its surface with
an insulating film 3 having a thickness of not more than 50 nm through thermal

oxidation to form an ion implanted layer 4 at a predetermined depth from the



surface (concretely not nore than 750 run) (FIG 2(b)), a step of bonding
the wafer 1 for active layer to a wafer 2 for support substrate (FIG 2
(d)) and conducting a heat treatnent in a nitrogen atnosphere at a given
tenperature, preferably 400-600C to exoliate a portion 5 of the wafer for
active layer at the 5 ion inplanted |ayer 4 (FIG 2(e)), and a step of

subj ecti ng Y E 2(f)) to a

t hi nni ng trgggfr%g%ltc\éﬁcgeﬁxjgﬁ%(ﬁl Orgﬁ]ga%s% IJQléc()h(li:gkg gﬂ)F}f E% 2?5‘3‘%@%&17] Mor eover ,
it is necesswafgr i Hiartactine layb mlenwﬁsr Dfortsoppatiubsteate K. 27d))mtiore t he
thinning is not, nore th nm \Wen the thickness is not nore 10 than

750 nm t he ERABgHDgHhed ﬁgear%‘?’éﬂflla(ﬂﬂtr?gncfé‘%@éﬁ’é&tP&%nﬁ%?‘ifamf%ow] Furt her,
it is necesSﬁfEFeréﬂTﬁKO@UO@@tB%?dlﬁ& @{;m«ﬁuﬁ@ oS'th'%' RERE R Bchivk 1 er3t figN0L h test

of the wafer 1 for” active f/ onding I's not 100 m
at a given twncmbg?d(lugcpﬂdﬁcw(e)bcamd antep- EG0bjeytingran acrm@rewneﬁgt h test may

15 the vt crowhet b EX RS AP RIGT Ol JH Mot ettt RS S eBeki  on” ana

there is nematloned (FAGRR{HRd wherein an indentation |s formed on the surface
of the wafer using a mcro-Vickers hardness neter under conditions that

b
a load is 10904 ¥ and\’larepwdltasptmcyssw thathe thickpgsssefdbpartivadeyet Re wafer is
placed in a hgat ﬁﬂﬂd I te of 200
cmmn and heat treate £§1sno F‘ngzgé es’ aﬁ@% r@ti%lmﬁlc e%s 1%?@({1%% efromat a
rate of 20O thaﬂﬁ‘ﬁ@mmothemﬁ&utrca’the 1mmﬂangsdem1@pmdeemﬁrkablpunched out
di sl ocation at rom.the i ndentation as, S for exanple, in
Masanor i Akaﬁ@gg]fra %d"ﬁfﬁ?%&lﬁflf%ﬁé?%ﬂl%ﬁlﬁ%ﬁt’ﬁﬂtd SEP g}sﬁc@é@‘?%ﬂq n Silicon
Vafers | nveswagihe:dstlmﬁwwifeﬂ?!fﬁraatch%nak/atm&e tﬂ@mﬂﬁ%qs nefbRGhadf Appl i ed
Physics (Jpn vol. 36, Part 2, No 1A, 25 Novenber 1997,

pp 1422- 142510({1@@@9}1%@11%91;@’9* GypicHly ahooti1e0-8¢himpbt hasithastength fagt t o t he
. 2
bonded 1o t heeyaF ubtiiny 3Hedd hEABPRE ol inbvil o B S e | g

film3. [9020k vAlfadpr sdiive\ldice froth éroe‘lomhbﬂﬁf klﬁyﬁ&lobaum; eﬁcema&he to contain
one or nore 30_co On%ﬁ?ﬁi‘f"ﬁel ected _ from horon not | ess than 1.0x1019

atonms/ cnB, oXY ?rsglsantlﬁéwtq}loammeépaﬁlev rfcaabthe b (O): not

less than 2. wwﬂganaéﬁr@/cﬁéf@h&%edsq&ét&%deﬂc&nhﬁ@%&@ﬂgtl&dqémdﬂg waf er. \Wen
the content 1s | eSs than the above range, the sufficient wafer strength is

not obt ai nedafd hiwadapplyagitione is60 seconds and the wafer is placed in a heat treating

furnace kept at 900°C at a charging rate of 200 cm/min and heat-treated for 30

20 minutes and then taken out therefrom at a rate of 200 cm/min to measure a
moving distance of a punched-out dislocation generated from the indentation as
disclosed, for example, in Masanori Akatsuka, Pinning Effect on Punched-out
Dislocation in Silicon Wafers Investigated Using Indentation Method. Japanese
Journal of Applied Physics (Jpn. J. Appl. Phys.), vol. 36, Part 2, No. 11A,

25 November 1997, pp 1422-1425.

[0019] Furthermore, the production method according to the invention may

be applied to a case that the wafer 1 for active layer is bonded to the wafer 2 for

support substrate without using the insulating film 3.

[0020] Also, the wafer 1 for active layer is preferable to contain one or more
30 components selected from boron (B): not less than 1.0x10" atoms/cm®, oxygen

(O): not less than 1.4x10*® atoms/cm> and carbon (C): not less than 2.0x10%

atoms/om® for increasing the strength of the wafer. When the content is less

than the above range, the sufficient wafer strength is not obtained (the elongation



of slip dislocation is not |less than 100 m), Moreover, the upper Iimt of
the content of the above elenent(s) is not particularly limted but may be
a solid solution limt. As the nethod of adding these elenents is
mentioned, for exanple, a nethod wherdin the elenent(s) are added to a
crucible containing a 5 single crystal material before the pulling through a

Czochr al ski f surepent of .and.C contents is
not parti culgﬁlg%ﬁsl aM}é%Qﬁ"?l Ssﬁﬂ;a%c@i@d gﬁ?reo‘fe&rth%%%%ﬂ’g}l?ﬁethﬁ measuri ng
nmachi ne of Stdufent 8Bthentave/clément(syissot parivtlaelyainiiyed but Hdy befstiter transform

infrared spec ros ) r the 1] Furthernore, it is preferable
t hat at Ieast Bﬁ‘\{ thermas ﬁ*?%ﬁ"id&t& %ei%n?néil’éﬁn%@n?qqéormfer 2 for

support subs@,{aﬁ_{p@e la St HE&EH thOelR hﬁ%@e % d%ﬁtt Rhycinit E&t?ﬁﬂl@sabo ndi ng

ni trogen, oxygen or heliumor a mxe gas t ereo prior to
step. By % hesipglasrmstal materiabbeforsethe pulling throegiha Gcedhralbld mathodiat i on of  t he

bondi ng integface and the adhe f t he bondi.n f.ace pased on
t he renoval 1(()401738 r gant TSR ﬁ%gt%ﬁ(ﬂa %%Péﬁmﬂtﬁ’éts%ﬂ%"%& E'lf%’é%‘P’

[0022] Al t hobighs tdiledb@ty for BREBDIE, HNOWSaRing hd¥RIne o@‘S"iM‘SQS&QmH&ytIBﬁ

enbodi nent of the invention, various nodifircations may be added within a

scope of thMaF%ﬁ?P’@ﬁﬁy)E B EER(Fquriss tramsfermpinéraned SPMIU) org@like. this
el & encloefg: D ikl & AR kb St Y G'd SrareT ISR DY

above streng h test respect i'con wa Ve V3yer havi ng
a si ze 010 30Ryemanduthe wadtertzrfmmuppmit bilsonteds ngija:tﬁmaatlﬂhsmwméaammtng boron

added at a bor n co entrati on of 0x1019 a.ttg)cgs '-Hﬁ $ ter the
FHEeK I

measur ement PETR: PZY§°8 lur of g miy WIdHE he wafer for
25 active | aygi st@flﬂf&éﬁlﬁﬁﬂ%ﬁnﬁnté@béﬁbré&ﬂ%ﬂﬂ@acﬁ Gugofim or O rim
(no formation of oxid i1m, respectively. Then, the wafer for active

| ayer is sutbedendiog trtieréﬁvelaad thergsthasivefaresofhe hynﬁlmgmnerms basdmal er ati on

vol t age: t.h fter ed to a wafer for
suppor t subs{ﬁ%\{ mo&?ﬁ?o:gr %ggt?’?%ﬂ%%cﬁ‘&ee& t\%glf oqdéngslﬁge &ed to a heat

t reat nents i njoa22] t r Qyevugh m.‘esabbeé feddly slovaRCexbfipleXdichidmiit8shd 0 exfoliate a
portion inplanted with hydrogen ions. Myreover, the thickness of the active

| ayer after ?‘HED‘%%F’GquéIN igNerions ¥qTious modificaipaninar bedded within pisedtisess of t he
oxide film ' ﬁnghso nmat the oxide filmthickness of 150 nm 400 nm
at the oxide f| I m t hi ckness of 100 nm 450 nm - 7-

[0023] (Test Example 1)

Example 1

20 In this example, the length of slip dislocation in the wafer is
measured by the above strength test with respect to a silicon wafer for active
layer having a size of 300 mm cut out from a silicon single crystal containing
boron added at a boron concentration of 1.0x10'° atoms/em®.  After the
measurement, an oxide film is formed as an insulating film on the wafer for

25  active layer at a film thickness of 150 nm, 100 nm, 50 nm, 20 nm or 0 nm (no
formation of oxide film), respectively. Then, the wafer for active layer is
subjected to an ion implantation of hydrogen gas (acceleration voltage: 50 keV,
dose: 1x10'7/cm®) and thereafter bonded to a wafer for support substrate. The
resulting bonded wafer is subjected to a heat treatment in a nitrogen atmosphere

30  at 500°C for 30 minutes to exfoliate a portion implanted with hydrogen ions.
Moreover, the thickness of the active layer after the exfoliation differs in
accordance with the thickness of the oxide film, which is 350 nm at the oxide
film thickness of 150 nm, 400 nm at the oxide film thickness of 100 nm, 450 nm



at the oxide filmthickness of 50 nm 480 nmat the oxide filmthickness of
20 nm  or 500 nmin case of formng no oxide film [0024] Exanple 2 A
bonded wafer is prepared in the sane manner as in Exanple 1 5 except that
boron is added at a boron concentration of 9.0x1018 atons/cn8. [0025]

Exanpl e 3 A bonded wafer is prepared in the sane manner as in Exanple 1
except that a silicon single crystal is obtained through the pulling by
adjusting a atdheadNidefibpddckmts af 50rnm, 4ﬂOenm;at thh akidafiloxyiipkness @fig@nim, at i on i s
1.4x1018 10 at o%rbﬁ/cn%ﬁ?FOO%Po]ngExarrpl bonded wafer is prepared in the
sane manner a¥ g0 silicon single crystal is

obt ai ned t hr oggpy4)t he Bxdhipl™® by adj ustl ng a rotation speed of a crucible so
that an oxygen concentratl on is 1.3xI 08 15 atons/cnB. [0027] Exanple 5 A
bonded wafer is prepakbended waler is prepated imthe sapeimanBswasih Exemplexcept t hat

Bample 6 20 SRR Ry SRR REA et SLATKIRTRBINGET ) Sampl ¢ 1

except that c@oRsin |$)@d@ﬁd3 at a carbon concentration of 1.0x1016 atons/cnB.
[0029] Conparative Exanple | A bonded vwafer is prepared in the same manner
as in Exanple 1 exce‘bl"’@dﬁﬁt"“’%@rléﬁf@§reﬁd’a§ﬁ sgmne nagaeiors in Srawple bt i on of

gr%i?ég ﬁlot e sanaetazn%ﬁ%le%%%sl %E@S%b aYI?ef “gﬂépt ‘@au?go'%d P cgn Si ngI e

crystal is obtotdtioedpeddr afiaginudible speihdtlangxmenaodpmngnmlbdméstl on speed of a
cruci ble so %} nioxygen concentration is 1.2x1018 atons/cnB. 30 [0031]
Conparati W‘f/a A bonded wafer is prepared in the same manner as in
Exanmple 1 exg)ems theEx dpn i s added at a carbon concentration of 9.0x1015

at ons/ cnB. ngar atl ve Exanple 4 -8-
onded wafer is prepared in the same manner as in Example 1

except that a silicon single crystal is obtained through the pulling by adjusting a
rotation speed of a crucible so that an oxygen concentration is 1.3x10®
15 atoms/cm’,
[0027] Example 5
A bonded wafer is prepared in the same manner as in Example 1
except that carbon is added at a carbon concentration of 2.0x10'® atoms/cm®,
[0028] Example 6
20 A bonded wafer is prepared in the same manner as in Example 1
except that carbon is added at a carbon concentration of 1.0x10'¢ atoms/cm®.
[0029] Comparative Example 1
A bonded wafer is prepared in the same manner as in Example 1
except that boron is added at a boron concentration of 8.0x10'® atoms/cm’,
25 [0030] Comparative Example 2
A bonded wafer is prepared in the same manner as in Example 1
except that a silicon single crystal is obtained through the pulling by adjusting a
rotation speed of a crucible so that an oxygen concentration is 1.2x10"
atoms/cm’.
30 [0031] Comparative Example 3
A bonded wafer is prepared in the same manner as in Example 1
except that carbon is added at a carbon concentration of 9.0x10"° atoms/cm’.

[0032] Comparative Example 4



A bonded wafer is prepared in the sane manner as in Exanple | except that
the silicon wafer for active |layer is added with boron, oxygen and carbon
at a boron concentration of 1.0x1016 atons(cnB, an oxygen concentration of
1.1x1018 atons/cnB and a carbon concer8ration of 5.0x1015 atons/cnB, 5
respectively. [0033] (Evaluation method 1) Wth respect to the wafers

prepared in Exanpl eg bﬂ’ @ecﬁ{i}gfer inBe r 45 4 EiEnpresence or
absence of voids or I sters |s contirnmed V|sual I nspectlon using a

f ocusi ng Ianpcetp@thabtlmsdlqoas’mlfersfosm layer ﬂs&xdﬁad)mhbordvbnﬂmﬁampdo shows a
case that both of the voids nd gﬁé{)el exi st ent cg X shows a
case that eiCPiheP ah$ POFOR §RnceR atﬂ)?q K10 ’Ene’rﬁn oxygen fcﬁ’@%‘% uu >

C y ~~ V  Oof1.16t10" atonlenl MEQ cafbon @n&n&aawomz‘m” atomd/cRA’U + 0 Ew g oN
0o KONUMDNOXXX b p. + 000 WN 00000 U U
5 respectively.

[0033] (Evaluation method 1)
With respect to the wafers prepared in Examples 1-6 and
Comparative Examples 1-4, the presence or absence of voids or blisters is
confirmed by visual inspection using a focusing lamp to obtain results shown in
10 Table 1. Moreover, O shows a case that both of the voids and blisters are not

existent, and X shows a case that either of voids and blisters is existent.
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[ 0035] As seen fromthe results of Table 1, in Exanples 1-6, the el ongation
of slip dislocation is 90-100 m and thggoccurrence of voids or blisters is
not caused even when the thickness of the insulating filmis as thin as

20-50 nm g{qags nples 1, 3 and 5 do not cause the occurrence of voids or
blisters ev ]vvher’i“tﬁ}?éIl framtharesuis of Tahls & indixamplesd b, tamelergationnt rary, in

Conpar ative o653 'ﬁ’él@c%ﬁ&n‘f@%ﬁ ﬁ%%&@ﬁe‘ %uﬁéncélo'fg £ 3k Bﬁf{%fs?{%l s 115-150 m

and the occurrence of voi l[isters I s cause when ckness of the
i nsul ati ng fdamsad ﬁvsnr\l@tenmlmtbwkh%sn oSﬂJenmul:{tﬁtgiﬂ]n l(sieﬂnnExa@ﬂSDamZ) 10 Exanpl e

7 A bonded ' t nner i n, Ex except that
bor onoinsead\cll\ﬁégr?l‘%@%sreg gr?ccg’ qg?‘%’% ?n‘%ﬁnﬁ’%cfd% Vgidér?ﬁg[{gtﬁ SN a pIOasrra
treat nents i swegapthe @tbutatinf 6id ii$gotifagesl. ofoBe Bovedrglis Codtpasfvbve | ayer and

waf er for support substrate in a n|tro?en gas at m)sphere bef ore the bondi ng.
15 [0037] EX rdesgl-4, the elongation of slip dislocation is 115-150 pum and the

occurrence of voids or blisters is caused when the thickness of the insulating film
is not more than 50 nm.
[0036] (Test Example 2)
10 Example 7
A bonded wafer is prepared in the same manner as in Example 1
except that boron is added at a boron concentration of 9.0x10'® atoms/cm® and a
plasma treatment is applied to bonding faces of both wafers for active layer and
wafer for support substrate in a nitrogen gas atmosphere before the bonding.
15 [0037] Example 8
A bonded wafer is prepared in the same manner as in Example 1
except that a silicon single crystal is obtained through the pulling by adjusting a
rotation speed of a crucible so that an oxygen concentration is 1.3x10"
atoms/cm’ and a plasma treatment is applied to bonding faces of both wafers for
20  active layer and wafer for support substrate in a nitrogen gas atmosphere before
the bonding.
[0038] Example 9
A bonded wafer is prepared in the same manner as in Example 1
except that carbon is added at a carbon concentration of 2.0x10'® atoms/cm® and
25  aplasma treatment is applied to bonding faces of both wafers for active layer and
wafer for support substrate in a nitrogen gas atmosphere before the bonding.
[0039] (Evaluation method 2)
With respect to the wafers prepared in Examples 7-9, the presence or
absence of voids or blisters is confirmed by visual inspection using a focusing
30 lamp to obtain results shown in Table 2. Moreover, O shows a case that both
of the voids and blisters are not existent, and X shows a case that either of voids

and blisters is existent.
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[ 0039]

(Eval uati on net hod 2) Wth respect to the wafers prepared in Exanples 7-9,

t he presencgor —absence of vordsTor btTsters s confrrhed—by visual
i nspecti onéusr ng a focusing 30 | ABRrOMo obt ail @*¥EBUI ts K@™AN n Tabl e 2.
Mor eover, shows a case that bot ﬁcéﬁceﬁﬂmlo&aoi dencRfflatitin SlcBAGnAELN Ot
exi stent, and X shows a case that EI tﬁelr Ell(crs 1?}‘1 T, sterﬁs 'S lexi stent.
-11- [0040]} Tabl e 2 El ongati on of KABEC Phd. ¢ or—absence
of void-blister (Plasna treat rreni?OBErbm qu SOEEaA8 bon ld)IJrE‘eeﬁtratl on
concent ratl f Rl 7 Exanpl Exanpl € 9. O0E+1j8
1. 30E+18 1. %Eﬁjgl gngg?{ggbr?ao P}'go di sl ocat] ?8§ 100 10d 1?80 Thi ckiness of
150 nmO O lm?llqulatm fJJm‘ID() rim0. 0 0% om0 00/ 20nmQ 00 00O
0 5 0: no yDhidkrdekd st er, Nsplﬁreséan}e of void<lister [Q@311 As seen from
the resul ts|.of . Tabl anpl €s- /-9, the ongation | Qf SIip dijslocation
is not nore ]lnﬂgﬁu%@% an O'Eﬁ.lé'iocsp.reece o+ vBidsor S

50 nm O O O

20 nm O O O

0 O O O

5

10

15

O: no void-blister, X

[0041]

: presence of void-blister

As seen from the results of Table 2, in Examples 7-9, the elongation

of slip dislocation is not more than 100 pm and the occurrence of voids or

blisters is not caused even when the thickness of the insulating filmis 0. Asa

result of the comparison with Examples 2, 4 and 6 using the same wafers, it is

confirmed that the occurrence of voids or blisters can be further suppressed in

Examples 7-9.
[0042]

According to the invention, there can be provided a method of

producing a bonded wafer wherein the occurrence of voids or blisters can be

effectively suppressed by using a wafer for active layer having a predetermined
strength without thickening the thickness of the active layer before the thinning
(particularly not more than 750 nm) even when the thickness of the insulating

film is not more than 50 nm (inclusive of no insulating film).



blisters is not caused even when the thickness of the insulating filmis O.
As a 10 result of the conparison with Exanples 2, 4 and 6 using the sane
wafers, it is confirmed that the occurrence of voids or blisters can be
further suppressed in Exanples 7-9. F#3421 According to the invention,
there can be provided a nethod of producing a bonded wafer wherein the
occurrence oWhyoikdmimed ati sters can be 15 effectively suppressed by using a
wafer for active layer having a predeterm ned strength w thout thickening
the thickness of thd-admgto a?ewd%mslaéwmiwﬁehwmgCO{HpaﬁQSithm arly not

nore than 75 : : £ t ' tng. filmis not
nore than 50&#%’9&%@8%' %ﬁg%}?ﬁ%ﬁ?ﬂé&&ﬁ%ﬁ?ﬁ%ﬁﬁ%dg@ﬁ%&ﬁé]&kﬁg%m{:'g clainmed is:
1. A net hod wifepfooduitvenlgyer tbanpdaitermired depthglositionps frasart iba implasted of

i npl anting ions of | Lght _el enent such as hydrogen or heliuminio a wafer
for active | 2y boning B S dPhace IRIED TR HBST (9rOHPRE! FIASHRARUFON i mpl ant o0
5 layer, bonghihughen WabRkink HmaFhbVBoteatS 56 AmleMBlifng tRE waktPRr t substrate
directly or through an insulating filmof not nore than 50 nm exfoliating

t he wafer fosctivadayevet thejearimplantédelayermnd thiheing ed attigedeyersdposednni ng an

active |ayer,ex d _Jdhrouagh the.exfoliatiqn to formthe actiye |ayer
havi ng a pr e%g‘{'%ﬁﬁfen%xcf(ﬂf%}%aﬂéér& th%iaﬁ“‘oﬁn@?é‘?{ aﬁgxgta}ﬁrgé})ﬁeé-ggn%cf&{cﬁgesgt“ ve

| ayer bef or eintWi€ich tHerhickgesk 8f thetactivy Ryértrford theAhhniip iandt Mbreah@ngat i on of
slip dislocation in_a strength test_ of the wafer for active |ayer before

the bondthg 720 Meandar elopgativndlipdislocation Bettenaibies of thy valsels. 2. A
rethod of Pradiehdd: BeBRNEEdoNBh ol REGRLONAE 16 uf] &aBridcterfifife! N Lhe water

for active |ayer al ns one or- nore conponen sel rom B: not
| ess than 9. txck@ds. at ons/ cnB, 0: not |less than 1.3x1018 atons/cnB8 and C

not |ess than 1.0x1016 atons/cnB. 3..-A method o roduci ng .a._ bonded waf er
according to claim %1'0|A e ngéqd?fcﬁ‘g a{%ag?cfgﬁ%r gifPf‘ﬁ%%“g‘fl% wafers to be
bonded is suRh&eintfle Wafe? fbY ASNE layef SRitdIRNénbrihore cORMPointddcide@en, oxygen,
heliumor a mixture thereof befgre the ,20 bonding. 18 3
15 from B: not less than 9.0x10°° atoms/cm’, O: not less than 1.3x10°" atoms/cm
and C: not less than 1.0x10'6 atoms/cm®,
3. A method of producing a bonded wafer according to claim 1 or 2,
wherein at least one surface of the wafers to be bonded is subjected to a plasma
treatment with a gas of nitrogen, oxygen, helium or a mixture thereof before the

20  bonding.





