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Field "The present invention relates to a method for producing a bonded
wafer utilizing the ion inplantation delam nation nethod, in particular,

met hod for producing an SO wafer by bonding a silicon wafe

wi th hydrogen ions or the Ilike to another wafer serving as Mmmmwmmmmmn
substrate and then del am nating the wafer. Background Art RecenfLly.

met hod for producing an Sol waf e3RPELNE rFHENCONPri Sing bondlng a wafer

i npl anted with hydrogen ions or the |like and then delam nating the wafer
to produce an-SO wafer (a technique called ion inplantation delam nation
nmet hod: Smart Cut Method (registered trademark)) is newy comng to
attract nuch attentiohledhpd fsthokivoduding Beskridiugs £ek produci ng an SO
wafer, wherein an oxide filmis fornmed on at |east one of two silicon

waf ers, gaseous ions such as hydrogen ions or rare gas ions are inplanted
I nto one fer pbon fe fromits top surface to forma mcro bubble

| ayer (en Fayer*8+2this silicon wafer, then the ion 1 20034 31

138 18B08 NAI % NO- 4707 P., 9/37 inplanted surface of the wafer is
bonded to the ot EF present invention relates to a method for

producing a bonded wafer utilizing the ion
implantation delamination method, in particular, a
method for producing an SOI wafer by bonding a
silicon wafer implanted with hydrogen ions or the

like to another wafer serving as a support substrate

and then delaminating the wafer.

Background Art

Recently, as a method for producing an S50I
wafer, the method comprising bonding a wafer
implanted with hydrogen ions or the like and then
delaminating the wafer to produce an S0I wafer (a
technique called ion implantation delamination
method: Smart Cut Method (registered trademark)) is
newly coming to attract much attention. This method..
is a technique for producing an SOI wafer, wherein an
oxide film is formed on at least one of two silicon
wafers, gaseous ions such as hydrogen ions or rare
gas ions are implanted into one wafer (bond wafer)
from its top surface to form a micro bubble layer

(enclosed layer) in this silicon wafer, then the ion-
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si i HdA% i & 1PHA8e warlBi38i a the oxide film thereafter thedldf efs-Udie

subjected to a heat treatnent (delam nation heat treatnent) to del am nate
one of the wafers (bond wafer) as a thin filmat the mcro bubble |ayer as
a cl eavage-pl ane, and the bonded wafer is further subjected to a heat
treatment (bonding heat treatnent) for firmbonding to obtain an SO2
wafer (refer to Japanese Patent Lai d-open (Kokai) Publication No.

5211128) . hmplikirst &8t BaGhradde el %Vea%%%”%s(ﬁ%%?%f ;eghgbggg)tﬂﬁsﬁh

obtained as a good mrror surface, and an-S

uni form tysafl iiden thagkresgobet @ R 1 Y8 Ui ﬁgg‘tg%raéjir%ﬁl y easily
y - the

obt ai ned. However, when an SO wafer I's produced "I npl ant ati on

del ani nat i Shemstehide rattharegedekay ierd egﬁb?%d){b&h Os%rf]@ggtof S2 waf er
after delamnation due to the ion inplantafion, and the ~sSurface has

hi gher surtﬁ@@hmn@mnédshammnatddﬂtHbaﬁ1t&@hﬁﬁ@ﬁ%?e%dﬁdéiEHTNEH@jers

of usual product level. Therefore, it beconmes necessary to renove such a
damaged | a§BP &fd thaghedfiens ofbbhel stafaed iak 4 henken ﬂmangattih%ﬁ
del ami nati on nethod. _Conventionally, in order to renove the damaged | ayer

and so forPhCTe Mukbpel ilsweny asi By clesvalk aans ,okrsd ogker emoval for
, which is called touch polish, has

polishingdést ck %gggvalg about 100 n

been 2 20 °R/%§§ PERORE) A Ewothee7 smbiec8edperd oamhedath eréhkalerst ep
after the ?Bngin h&gt treatment. However, if the SO layer is subjected
to polishing™ A8 ta Theabmeas) Foeefirn Hamdbng tdesktadncaused a

problem thah Weirf Qfd kLY qgéfg}sﬁ% Japanese Patent Laid-open

(Kokai) Publication No. 5-211128). In this method,
the cleavage plane (delaminated plane) is obtained as
a good mirror surface, and an SOI wafer also having

~high uniformity of the thickness of the SO0I layer is
comparatively easily obtained.

However, when an SO0I wafer is produced by the
ion implantation delamination method, a damaged layer
remains on the surface of SOI wafer after
delamination due te the ion implantation, and the
surface has higher surface roughness compared with
mirror surfaces of silicon wafers of usual product
level. Therefore, it becomes necessary to remove
such a damaged layer and roughening of the surface in
the ion implantation delamination method,
Conventionally, in order to remove the damaged layer
and so forth, mirror polishing using a small amount
of stock removal Ffor polishing (stock removal: about

100 nm), which is called touch polish, has been



| ayet! IR k3R 850Ut ai ndB¥B8H% rpl antation of hydrogen ions di. 4Hd 1 iPkel ldAY

the del'am nation i s degraded, because the stock renoval for polishing is
not uniform Therefore, Japanese Patent Lai d-open (Kokai) Publication No.
10- 242154 proposed a nethod for inproving the surface roughness- by
subjecting an SO wafer obtained by the ion inplantation delam nation
nethod to a heat treatnent in an active atnosphere (hydrogen atnosphere)

wi t hout pobestfidignétie igurd agenadl i, SPek 8T8 #Bnhds deslg‘rlg%gd t hat,

according to this nmethod, the surface roughness o] surface
can be inptoestmémte maintaining the wuniformty of filmthickness of the
501 layer. However, damamges resulting fromthe ion inplantation exist in an

SO waf er obt ai nédweyerhe ifomhiendant ahh;@k des agiRatd OPe gELR0d, and the
damages in the SO layer are large at t surface slde and becone small er

at a deepePOopddihing Lhvitler ingen. medleaniend. pfothas W@Bfrfé +34bj ected to
such a heat treatnent in an active atnDsphere as descri bed above,

recovery ofl€Re defragavssdyancprobrlom i bhati unPfobhe t§ 29P3+R413%%71808f }
M1 NO 4707 P. 1%}37 SOT | ayer to the surface side. However, when the
damages at —~BE&%s i hekngisde %?-’éab-ategie by hm@ﬂaﬁt@ﬁh@ﬁntoﬁthﬁdﬁb%
tenperaturge for a |lon eriod of time is required, and in additiaon,

conpl ete r%@ﬁ\?‘e 3 Eré—t keyeandt sheedlelamina ol deat st rced PRakd,S

perforned g h%$ ng rature for a long period of tine, as the case may
be. Since t g slt engt i ?ﬁmevatll‘nef%IEnﬁg’éslaahbngl dfd ueoted by the

amount of LAPkaMRALi on energy and

Therefore, Japanese Patent Laid-open (Kokai)
Publication No. 10-242154 proposed a method for
improving the surface roughness by subjecting an 80T
wafer obtained by the ion implantation delamination
method to a heat treatment in an active atmosphere
(hydrogen atmosphere) without polishing the surface
of the SOI wafer. It is described that, according to
this method, the surface roughness of the 30I layer
surface can be improved while maintaining the
uniformity of film thickness of the 80T layer,

| However, damages resulting from the ion
implantation exist in an SOT wafer obtained by the
ion implantation delamination method, and the damages
in the SOI layer are large at the surface side and
become smaller at a deeper position in the layer.
Therefore, if the wafer is subjected to such a heat
treatment in an active atmosphere as described above,

recovery of the damages advances from interior of the



doseQMwﬁgggé%d§ﬁM@ns sUBHEE hydrogen ions, for exanple, whidhiile P. 11/37

i npl ant'ati on energy needs to be increased as in the case of producing an
SO wafer having a thick Sol layer or a thick buried oxide |ayer, or when
t he dose needs to be increased for the purpose of performng the

del am nation heat treatnent at a |ow tenperature, the aforenentioned
probl em becones renmarkable. Furthernore, if the wafer is subjected to a

heat treat & biayarhitgh teapenaiay e f @y | o Lod _qf ti under a
reduci ng at nosphere conpri si ng hydroge%d%EsJ%§W%§%%’aW'?ﬁe | ayer

surface naypapages ched tHdusutbifiadessqunif,Q m y raded, and
etch pits may be forned in .a buried oxideaf§§2%$¥ggﬁi§P§Hg%gnenon I s caused

by the rea¥é®adesentbed Dehbgh Mpéﬁat@&feecférsacﬁﬁ%%g:?qu yg%al

Originated Particles) exist in the Sol layer, and if re connected to

the oxide FAfiR kSt AeQWwed 4 2008+ M A8 HHHOB) & BAIIQ AL 0ZeRo kA3 7

| ayer, CODs _do not disappear and remain as they are, or they are en
enl ar ged. $ﬁlwﬁQﬁe?ehﬁgﬂﬁyﬁhedrEdeaifka1HE§tpﬁﬁéh@ﬁéﬁttmgough t he
defects aI§§ égtche t he burjied oxide |ayer, and thus pits are faorned
there to cHi&e YHESAf BleferitiGhedampenatnae fdhese 1 Pos ol &F
problenatiE. %jnce tgﬁé i nfl uence also on the SO | ayer nei ghboring the
pits. As d&3FFHetP a eCafi® ®ayhbari ous methods have been proposed in

order to. renov d ed, layer. and roughening of the surface of SO
waf er obt ai nede%%gﬁﬁe%r;g SHPPRAH | aRdddlemtmao Forchreet dala el | r e

o7 ORI S M BR e Tl L L5815 e
dose of gaseous ions such as hydrogen ions, for
example, when the implantation energy needs to be
increased as in the case of producing an SOI wafer
having a thick 80T layer or a thick buried oxide
layer, or when the dose needs to be increased for the
purpose of performing the delamination heat treatment
at 2 low temperature, the aforementioned problem
becomes remarkable.

Furthermore, if the wafer is sSubjected to a
heat treatment at a high temperature for a long
period of time under a reducing atmosphere comprising
hydrogen gas, silicon at the SOI layer surface may be
etched, thus thickness uniformity may be degraded,
and etch pits may be formed in a4 buried oxide layer.
This phenomenon is caused by the reason described
below. That is, defects such as COPs (Crystal
Originated Particles) ex{st in the S80I layer, and if

they are connected to the oxide film as the under



sui t 8HPE HdpRiPBH et ndEHHEH been desired. Therefore, as destk#bHd ik 12/3]
Japanese Patent. Lai d-open (Kokai) Publication No. 2000-124092, the
applicants of the present invention proposed, as a nethod for producing an
SO wafer of high quality by renoving the damaged | ayer and the rougheni ng
of the surface remaining on a surface of SO |ayer after the delam nation
in the ion inplantation delam nation nethod while naintaining the

thi ckness laykearmcgpref dd heo BN ilsakead Tl QL 1000 N %r} %if(l:ir%je film

by a heat treatnent under an oxidi Zi'ng at nbsphere on the ace
after del apEndtiegn, atber viealoyh N8 ¥igiei . 0XpHerbifdBe @ ently
subjecting the wafer to a heat treatnent unger oarperb%&a%%si%arxog%here. 6
2003 3A138tR89ddkRALRMNDe T OF alRe sl 3B oy Ren & 0Oge@ld Séiﬁiofid al

' on the

oxidation is performed, in which an oxide filmis forne SOT | ayer
by a heat €FeBeferfihenbiur iad oxkdida rigayeryopher ehugng ihenyhe oxide film
Is renoved,.. a part-of or whole damaged | ayer on the S | ayer surface can

be incorpo#aF@&qlﬁﬁﬁ?ﬁeﬁngﬁM$EIMhewmforbmuﬁti@néhepﬁg@@ﬁgnbﬁxer can

efficientl% be renmved by renoving the oxide film Further, a heat
t r eat nent gﬁsﬁquﬁkeﬂﬁéﬁI%F%ept@hﬁﬂmwbden sineduthey ai NPspRA & t O

recover t maged | aygr . remaining in the SO |ayer and inprove the
surface r%%gﬁngiskgﬁdgpﬁehﬁﬁﬁrtP@$9hh©rihm8tﬁetpétheat t r eat ment

under a reduci ng, at here can also be  shortened, since a part of or
-whol e danaged I%/Bgrggﬁg t"fpeecgd“‘bpéffe'r alEhga@haeabdon s anevhdday t he

zfc[ ihfei r: Eta?ﬁ{/%fé%rﬁ xégﬂlbts@e({ "Pf o dl2 5! g%?noq;)eesthgoaiarrr?aqgiecrie ol shing
layer and roughening of the surface of S0I wafer
obtained by the ion implantation delamination methed
while maintaining the thickness uniformity of S0OI
layer, there are no satisfactory method so far, and a
suitable solution qethod has been desired.

Therefore, as described in Japanese Patent
Laid-open (Kokai) Publication No. 2000-124092, the
applicants of the present invention propesed, as a
method for producing an SOT wafer of high quality by
removing the damaged layer and the roughening of the
surface remaining on a surface of SOI layer after the
delamination in the ion implantation delamination

 method while maintaining the thickness uniformity of
the SOI layer, a method of forming an oxide film by a
heat treatment under an oxidizing atmosphere on the
S0l surxrface after delamination, then removing the
oxide £ilm, and subsequently subjecting the wafer to

& heat treatment under a reducing atmosphere.



mechdHidEadl1 P8 JEBES ng EBFEH uniformity of the film thicknsdlbf thelBON

| ayer i's not degraded, and thus it is considered that an SOT wafer of
extrenely high quality can be produced by the ion inplantation

del ami nati on nmethod with higher productivity, As described above, the
techni que described in Japanese Patent Publication (Kokai) Laid-open No.
2000- 124092 has the advantage that the damaged | ayer and the rougheni ng of

the surface renmailfi nth@nsbhealddd! auer St er_Lhe del am nation can
be 6 2003* MB0O 18009i} WAM R NO, 4707155Hﬁ%?§§ ?%%H%%%Qgﬁ tHe ion

i mpl ant at | ®®xEdamiEdat iion wet ked a%k@d@iﬂtﬁhnigg Adea L8l %ﬁneﬂie
uniformty of the SO |ayer, However, when the nvent or s t pr esent

i nvention &Qﬁcﬁﬂﬁﬁrabﬂtaohaht&mxﬁ&ﬁmeh%fﬁﬁdégignt§§gg5%w% it was
found that the technique had the follow ng drawbacks and t 059 he

techni que RESCIRREFRIciand Bhent ties axiddeihod hy fuRdveld onLin a

| arge scal e. é% Si.nce the sacrificial oxidation in the aforerentioned

t echni que & t?# Bfi&hﬂ%ﬁtﬁémanﬂéniEMEnjqﬁaﬁheomamnggyg*trmaion
iﬁplantatiggrfcmidation I nduced stacking faults (OSFs) nay be generated
by the oxi JATiGH ©afid™ R el tBPEPRTAROd Bataonhbebaide efpyad AWy by the

subsequent rea nt . under a reducing atnosphere. 2) Surface
roughness E&%%ecf.‘ge’ﬁﬁ ?’I‘l%erﬂﬁféﬂgﬁﬁ tiRyefegan refif kedentderba reduci ng

at nosphere ' nsists only of short period conponents (e.g,, period
of 1 pm orrlgg{s?g%/daﬁg ?@%‘é’rngf PRiapod i loonpoienthete, ga, hparti od of

about 1 toti@aRet LhQ Hﬁ”éﬁggé&ﬁgg@fgsﬂg¥%£ﬁﬁgg?dggtifLCient'
reducing atmosphere to recover the damaged layer
remaining in the 8OI layer and improve the surface
roughness, and the heat treatment time of the heat
treatment under a reducing atmosphere can also be
shortened, since a part of or whole damaged layer on
the 50I layer surface has been removed by the
sacrificial oxidation. Furthermore, this methoed does
not require polishing or the like involving a
mechanical processing factor, uniformity of the film
thickness of the SOI layer is not degraded, and thus
it is considered that an SOT wafer of extremely high
quality can be produced by the ion implantation
delamination method with higher productivity,

As described above, the technique described in
Japanese Patent Publication (Rokai) Laid-open No.
2000-124092 has the advantage that the damaged layer
and the roughening of the Surface remaining on the

SOI layer surface after the delamination can be



3) 1 #08heShiH 86 Waper at i ieat treatment is performed undel). 4H Tat fosphdi e

containing a large anmount of hydrogen gas as the reduci ng at nosphere, the
hydrogen gas acts on the bonding interface, and thus corrosion of the
interface may becone significant and thus it nay cause particle generation
7 20H~ MBO I MON RN119M in the device production process, NOAN7 P. 15/37
Di sclosure of the Invention The present :invention was acconplished in order

to sol ve themafasgnent it@xr@edi@ﬁohin%flsan’aﬂ?i%s 01 gkl aitsic.%,}gvxﬁre%ﬁ?ggeg or

met hod for producing a bonded waf er? ch can surely 1e

defects onwhidwr fregenof im e eehRr Qdicern BY ot ?ﬁgi fgab@égnéﬁhgﬁ%eéso%i le

del am nati on nmethod and sufficiently flatten

mai nt ai ni n§aylee + hitwese r Ui nthe afnyderbordess W@ﬁgr prH i ch can
also be sufficiently used as a technique for |arge scale” production. In

order to athAvenELidm pRofeormnedonddichieshl éﬂﬁéﬁiﬁ%ﬁ@%'fWP”Eg%EFNOVideS
a method for producing a bonded wafer by the ion inplantation delam nation
met hod con‘ﬁ?FE‘iW‘é@ v | 8&stwas sfepndf Hhoati npea thoeln ivwalemiaving a mcro
bubbl e | aygr &ormed by gaseous ion inplantation and a base wafer serving
as a suppbPt Qb ¥ atlE 24R ek 8 t spdofthies atheatieghhhigukongas waf er at the
m cro bubbj e I%%ﬁg:as % border to forma thin filmon the base wafer-,
wher ei n, attBPIHEE L 8BEafishakF oWass ashes boatthesd efort pe dehnsteslonafigl i s
subjected fo grheat treatment in an atnosphere of an inert gas, hydrogen
or a mxe g% 3%er6?* ®then the bonded wafer is subjected to therna

oxidation tfy gince the sacrificial oxidation in the
aforementiongd technique directly oxidizes the
delaminated plané obtained by the ion implantation,
oxidation induced stacking faults (OSFs) may be
generated by the oxidation, and these 0O8Fs may not be
completely removed only by the subsequent heat
treatment under a reducing atmosphere,

2) Surface roughness sufficiently removed by the
heat treatment under a reducing atmosphere mainly
consists only of short period components (e.g.,
period of 1 um or less), and removal of long period
components (e.g., period of about 1 to 10 um) of the
surface roughness may become insufficient.

3) If the high temperature heat treatment is
performed under an atmosphere containing a large
amount of hydrogen gas as the reducing atmosphere,
the hydrogen gas acts on the bonding interface, and
thus corrosion of the interface may become

significant and thus it may cause particle generation



f or mb W ¥ndHAR 8L e 1 i PSS t he surface of the thin 8 2003 8) 438 18B095H37

ML 'NO. 4707 P. 16/37 film. and then the thermal oxide filmis renoved to
reduce thickness of the thin film If the- delam nated plane of the thin
filmafter the delam nation step is subjected to a heat treatnent under
an atnosphere of an inert gas, hydrogen gas or a m xed gas thereof to

performa surface flattening treatnment and renoval of damages, and then

t he oxi dat ijen gmd aggjgggp¥ b oy oxi.de _filmare performed as descri bed
above, uniformty of. the ?i F%%%?%ﬁn srg)ccea%sbe mai nt ai ned, and generati on

of OSFs due to the oxidation can also surely be avoided. In the
af orenenti oned nethod, after. the heat treatnent under an atnosphere of an

inert gas, Dilpaltogemegast otha Minkesthgasnqt hereof, the surface of the thin
filmcan be polished for a stock removal of 70 nmor |ess, and then the

t her mal oxidatioﬁheamﬂmweptrWuVEﬁtibhtwﬁgsge@gﬁbif?ﬁghgméﬁ§g§gished

(stock renoval of 70 nmor |ess, especially 50 nmor Tess fhe heat

treat nent &8defo hvieattings phEo eenlerai ohBEr to 151 eI’ QIRD 088 QA gixed gas
thereof, the [|ong period conponents of surface roughness can be I pr oved.

That is, alfhdiRyrP¥A¥isira perhat chopopaniduc Phgs W MoRaEAUHRSSS ar e

fully renmoved the heat _treatment under an atnosphere of an i'nert gas, 9

2003" 3) 13BY (323 UG W7DRIRVE 7A3Tages or defects on a
surface of a wafer produced by the ion implantation
delamination method and sufficiently flatten the
surface roughness while maintaining the thickness
uniformity of the bonded wafer, and which can also be
sufficiently used as a technique for large scale
production,

In order to achieve the aforementioﬁed object,

the present invention Provides a method for producing
a bonded wafer by the ion implantation delamination
method comprising at least a step of bonding a bond
wafer having a micro bubble layer formed by gaseous
ion implantation and a base Qafer serving as a
support substrate and a step of delaminating the bond
wafer at the micro bubble layer as a border to formﬂa
thin f£film on the base wafer, wherein, after the
delamination of the bond wafer, the bonded wafer is
subjected to a heat treatment in an atmosphere of an
inert gas, hydrogen or a mixed gas thereof, then the
bonded wafer is subjected to thermal oxidation to

form a thermal oxide film on the surface of the thin



hydrwéﬁ 430 dBEUDni xedfEE her eof, 10ng period conponent SN0 Tr erfai H/37
and therefore they are renmoved by polishing. If the heat treatnent is once
performed as descri bed above, the surface roughness and damages of the
surface are inproved, and therefore the stock renoval for polishing can be
reduced conpared with that conventionally used, and in particular, it my
be reduced to a half or less of the conventionally used stock renoval.

Thus, the f|:i.9.’?f9,-pfﬁaoéhmgn%ﬁef%rr}%{{?ﬁ&gié ]9#'19 neﬁ.?sc%i%?rgg\slgrglel q,ibﬁj zed.

renoved while the influence on uni

Further, thedwesad Ehgékmsggge%q@;r%%sﬂﬁ of an inert gas, hydrogen

gas or a m xed gas thereof is pre y pérformed under a 100% argon

atmosphere or anfargen &émﬁ%%f&&oﬁl%lrn@ rwfhxﬂgogc%{;tﬁg;i‘&gﬁggg%rbe' ow

explosion limt. Such an atnosphere enables 1 nprovene

roughness sh dibgasnaltiidie SUEHACS YkbS ecHRPT £5SENG ERLT OSI ON of the

bonding interface. Further, int preseni invention, icon single

crystal watteatsnemef analdy asedtaspleeBend £ W e neaidt ilicon single
crystal wafer, which enables production of wafers R§Vingg%$gh quality and

| ar ge di anBYérogen ugad & tnemheaed wpd ©r theasapfiStol #6emi gpl anted into
it, and it is delam nated, a 10 2003 3A130 18B10~10 . 4707 P. 18/ 37 bonded

waf er havi A*4359 | €6 t&iengirg cEysEdimentnanid lrembvhilgh flughinhyeand ‘a
| arge dianeter .can be, produced at a | owcost. Moreover, the-bonded wafer
pr oduced banghé%en the oxidation and the removal of the oxide

film are performed as described above, uniformity of

the film thickness can be maintained, and generation

of OSFs due to the oxidation can also surely be

avoided.

In the aforementioned method, after the heat
treatment under an atmosphere of an inert gas,
hydrogen gas or a mixed gas thereof, the surface of
the thin film can be polished for a stock removal of
70 nm or less, and then the thermal oxidation can be
performed,

If the surface is slightly polished (stock
removal of 70 nm ox less, especially 50 nm or less)
after the heat treatment under an atmosphere of an
inert gas, hydrogen gas or a mixed gas thereof, the
long periocd components of surface roughness can be
improved,

That is, although the short period components
of surface roughness are fully removed by the heat

treatment under an atmosphere of an inert gas,



et hobl 6 IRIAR LFbkknt i BEEHH on can be a bonded wafer havi nlf.4Tthi nP.f il TAAT

of high quality showing high uniformty of filmthickness and being free
from roughening of the surface and surface damages, For exanple, there can
be provided a bonded SO wafer produced by bonding two of silicon wafers
via an oxide film wherein surface roughness (RV5) neasured for a 1 pm
square and 10 pm square of the SO |ayer surface is 0.15 nmor |less for

the both swdregerargha of thenibégkaass pﬁe;:gngOlJ)g%e eirsio&' 5 nm or
I Nve

| ess. As expl ai ned" above, according to the preseént tion; "t he damaged
| ayer and SRTReBendisymays remesh i agdortﬂ@_@e%&f@%é’g bhe dﬁ%,ﬁg%gat ed
n y

thin filmin the ion inplantation del am nati on nethod c sure

renoved whid% PAtASAIINgg thE thief dredtytofatméAtt Rickiess of the thin
film Therefore, a bonded wafer of extrenely high quality can be produced

Wi th hi gh RRoHRERRA 85 dﬁddﬂﬁh&dtabswmJﬁﬁh@dsﬁyfa@éogw%?xhé%gonded
wafer extrenely.suitable as a technique for |arge scale production. Brief
Expl anat i o5t ERBEGEH AF the2G0Br BataHatA8 1DnYEAGRANO 4407 P. 19/37 Fig.
1 (a) to (i shoE/a fl Qqw di agram of an exenplary process for produci ng an
sa  waf er $he OFﬁnéhﬁlﬁﬁpéﬁ(ﬁﬁ@@VamrﬁﬁﬁqpoMﬂdhxhgc@ahﬁmE]to t he

pr esent in%%Qi' est Mode far, _Carrying out the Invention Hereafter,
enbodinents,(#é?ﬁe%&mﬁﬁﬁ?giMﬁﬁﬁi%ﬁatwﬂqnWﬁntiphﬁkkw wkkeld r efiedence to

the appendgs, o224 BGY a 0P hiay e PLERINd WS Gl g 101 Jim ted to
the conventionally used stock removal. Thus, the
long period components of surface roughness can
surely be removed while the influence on uniformity
of film thickness is minimized.

Further, the heat treatment under an atmosphere
of an inert gas, ﬁydrogen gas or a mixed gas thereof
is preferably performed under a 100% argon atmosphere
Or an argon atmosphere containing hydrogen in an
amount below explosion limit.

Such an atmosphere enables improvement of
surface roughness and damages of the surface while
Buppressing corrosion of the bonding interface.

Further, in the present invention, a silicon
single crystal wafer is preferably used as the bond
wafer,

If a silicon single crystal wafer, which
enables_production of wafers having high quality and
large diameter, is used as the bond wafer, gaseous

ions are implanted into it, and it is delaminated, a

10



Fi g, QQU%h%Halsﬁi% di ofFaANDf an exenpl ary process for proludihy ah $B(37
wafer by the ion inplantation delam nation nmethod according to the
present invention. The present invention will- be explained hereafter by
exenplifying a case where two of silicon wafers are bonded. In the ion

I mpl ant ati on del am nati on nethod shown in Fig. 1, two mrror-surface
silicon wafers are prepared first in the step (a). That is, a base wafer

1 that serbesdsd awsH r,at e fer 2 fromwhich an SOT
e g Ry o POl MM B by el Tt

| ayer i s obtained, which corréspond to spe are

pr epar ed. fﬁém.ofnhﬁ@hsqﬁwlﬂbb,gﬁdlgaagﬁgﬁegiaég%e#F$%£?8 t he bond

wafer 2 in this case, is subjected tot oxldatio ©m an oxi de
film 3 havbrgdaucedi aknesslof abaut, 0.1 to 2,0 gmon its surface. 12 2003
3MB 181 1H MA1 NO, 4707 P. 20/37 In the step (c), gaseous ions such as

hydrogen ions oforaocsems thmsbdn@edgw&ﬂémspkaddééaCB?ethé”e | npl ant ed
into one surface of the bond wafer 2 on which the oxide Tilmwas forned to

forma ni cPEthahrE thperpresehdsahvayetbrd qaiabkels tWhhdeg sdace in
mean penet&gthg depth of the ions. The step (d) is a Step of superinposing
the base Mﬁn%.%ntbﬁélﬁmﬁMQeﬁihﬁghnqhamﬁﬂysyhbw%hgﬁhiéherwdrogen

I on inplantedépond_mafer 2_via an oxide filmand bonding thém Usually, by
cont act i ng"PHEC T FXcef Ffilmothi akresaf ansl tioe bagh fatdwr fiBma  cl ean
atnnspherergpdyécudinaEy tenperature, the wafers are adhered to each

ot her wit hout Ju'sief*&n®ta | §BTSaqHeandkeurface damages,

For example, there can be provided a bonded 50I
wafer produced by bonding two of silicon wafers via
an oxide film, wherein surface roughness (RMS)
measured for a 1 pm square and 10 pm square of the
SOI layer surface is 0.15 nm or less for the both
squares, and ¢ of the thickness of the SOT layer is
1.5 nm or less.

As explained above, according to the present
invention, the damaged layer and surface roughness
remaining on the surface of the delaminated thin film
in the ion implantation delamination method can
surely be removed while maintaining the uniformity of
film thickness of the thin film, Therefore, a bonded
wafer of extremely high quality can be produced with
high productivity, and thus it is a method for
producing a bonded wafer extremely suitable as a

technique for large scale production.

Brief Explanation of the Drawing

11



The dUBESHLERIBRIBp (o) FEHEH del amination heat treatment st¥pdill whi cH/8he

waf ers were del aminated at the enclosed |layer 4 as a border to separate
them into a delam nated wafer 5 and an SO wafer 6 (SOI |ayer 7 + buried
oxi de layer 3 + base wafer 1) For exanple, if the wafers are subjected to
a heat treatnent at a tenperature of about 400C to 600C under an inert
gas atnosphere, the wafers are separated into the del am nated wafer 5 and

the SO wafer 6Fgge 10 (@pr{;@ngﬁmenghg{gogyﬁ@%si}qar%%%%ggrgg?%éicon of

bubbles in the enclosed |ayer. On the l'ayer e of the

SO wafer egemplisryaprecdde derapisdhein ngged r ins. 13 2
0 0 3~ M38 1810 }s#11*Wh NO. 4707 ? 21/ 37 Eﬁrﬁer, igr?gﬁl 0 ﬁg ﬁ% ant ed

such astw@@@g@mpl@n$a¢@bﬂxﬁeXQMﬁnhﬁﬂdnim@&ﬂ&&dah%é%&ﬁﬁ%etgftHEaSW&
or bonding surfaces can be prelimnarily subjected to a treatnment wth

ni trogen, BXgg@nt hyweoddromlasma or the like so as to be activated and
bonded , as the result the delam nation heat treatnent can be omtted.
After this delam nation step, the bonding heat treatnment is perfornmed in
t he step (f%. In this _step .the SO wafer 6 is subjected to a heat

treat ment AES¥ M%ﬁt@ﬁﬁeﬂaﬁmﬁlag ®Wontheg Ileadntieat nent to obtain
sufficient bondggg str%g%%h, since the bonding strength of the wafers
brought into cl JSerEakiss - | Ambokkirent ot ittredpbesdny shepranicbs he
del am natign,sheat treatnment, step.in the steps (d) and (e) as it is would
be weak fo‘?%%e%%n ?’ﬁ%ilaér\’ﬁ@c% 'ﬁ?'g&ué-’tq"&'ﬁrrﬁﬂ6@e§f§ Thes appendedat nent is

pref er abl yapgLAYRY. ndAbvRIAPLEe WY A0 FLTRSRNELE 9 eyt oas al

limited to these.

Fig. 1 shows a flow diagram of an exemplary
process for producing an SOI wafer by the ion
implantation delamination method according to the
present invention.

The present invention will be explained
hereafter by exemplifying a case where two of silicon
wafers are bonded.

In the ion implantation delamination method
shown in Fig. 1, two mirror-surface silicon wafers
are preparxed first in the step (a). That is, a base
wafer 1 that serves as a support substrate and a bond
wafer 2 from which an 80T layer is obtained, which
correspond to specifications of devices, are prepared.

Then, in the step (b), at least one of the
wafers, the bond wafer 2 in this case, is subjected
to thermal oxidation to form an oxide film 3 having a

thickness of about 0.1 to 2.0 um on its surface.

12




100048 08% HsHDOBEHE, 30 iiifles to 2 hours, As for the stepsik Al fdr, 20v/he

met hod of the present invention is the same as the conventional ion

i npl antati on del am nati on net hod. However, in the nethod of the present

i nvention, this bonding heat treatnent may be omtted, and the heat
treatnment in the follow ng step under an atnosphere of an inert gas,
hydr ogen gas or a m xed gas thereof can be used al so as the bondi ng heat

14 2003 3 MB 18Qral+tydVlg 47, P. (37 treatnment (refer to Fig. |*",
f'). Thus, the steps can %% f(%ry)the?géie:rif’pq | fi‘%Bsco'%éa?i‘ edSwhiliggen

convent i ondlongrebhodagle rfI®VERG N v | ng.of the surface or surface
damages. Then, in the step (g), tﬁéq§%§ %E?ﬂ? a?ﬁgrlfhééhbﬁn&@ﬁﬁaheat

treat nent step mplénteaf tentbhendled aprpald S en .t he bondi ng
heat treatnment is omtted) is subjected tgggﬂ%egﬁgt%ggyﬁgﬁ?fﬁﬁh AR

i nert gas, Winidttogenegexiate anmedqﬁtSfbbglrerftélsEggmaa L}ﬁyékgheat
y a

treatnment furnace in which heating is attained b eat'er atch furnace)

to i nprovePubhlieickayeughimsslased crmyerdanpgesyanthe SO wpgur face. The
heat treatnent tenperature is suitably 1100C'to 1350C. enit is |ower

t han 11000€PQ¥a4%nbnp@ﬁaniménEMnaﬁSnged@bﬂﬁi@g LMy oV khe surface
roughness. On t other hand, a tenperature exceeding 13500C may cause a
problen1concernpﬁgec§ﬁﬁﬁhiHéiié@\ﬂt$¢hgau¢rﬁmpérﬁmgﬁéihQSﬂHé durability
of the heqé%great nt furnace. Further, although the heat "treatnent tine

depends al 38°8n W&e®T héaPnt ridag nbydnageer dour emplanterlli §@BEY den & he

range of ! 8 [hours. he heat treatnent
g 1@hE‘W§&¥bé8n ion fmp anted bond wafer 2 via an oxide

film and bonding them. Usually, by contacting the
surfaces of two of the wafers to each other in a
clean atmosphere at an ordinary temperature, the
wafers are adhered to each other withbut using an
adhesive or the like.

The subsequent Step (e) is a delamination heat
treatment step in which the wafers were delaminated
at the enclosed layer 4 as a border to separate them
into a delaminated wafer 5 and an SOI wafer 6 (S80I
layer 7 + buried oxide layer 3 + base wafer l)., TFor
example, if the wafers are subjected to a heat
treatment at a temperature of about 400°C to 600°C
under an inert gas atmosphere, the wafers are
Separated into the delaminated wafer 5§ and the 8OI
wafer 6 due to rearrangement of crystals and
aggregation of bubbles in the enclosed layer. On the
SOI layer 7 at the surface of the S80I wafer as it is

after the delamination, a damaged layer B8 remains.

18



for %ooé%ﬁi%%ﬁ dMoiler t HER#Mat my provide insufficient ingtlo¢Hifent. otl/8he

surface roughness, and the heat treatnment for a period |onger than that
decreases the productivity. Wen the aforenmentioned heat treatnent is
performed by using an RTA (Rapid 15 2003 3A130 18811 ? 0 1URR NO 4707 P.

23/ 37 Thermal Annealing) apparatus, the heat treatnment tenperature is
preferably 1200C or higher, and the heat treatnent tinme is preferably 1 to

5 s, Mngee gt SR B P S, o

heat treatnent using an RTA apparatus ca S

conbi nati oflonEhedieabet eSAIELHY ahra)sig}lgj\’;\g\l}gr@& ﬁ%fﬁzgtq‘%eaﬂ?fi nert gas,

hydr ogen gas or a m xed gas thereof. conte of hydrogen

gas is highlatshen, abor baeitiimpedueTd0ss 088 Hd | face
beconmes likely to be generaggg, and slip d?sloca§?€§24hggg%ﬁés i kely to be

gener at ed Bubtjlee tedt tor eatﬁm&tmeﬂiﬁrﬁ@henitﬁ%@dﬁﬁo%{ay%éﬁ content is
preferably 25% or |ess. The hydrogen gas content™1s nor referably,

| ower t hanhyHeomepl oslesma ot t4Y likei s¢ @fs a5 cbi. ac¥iPQEER agpn gas,

whi ch is nost inexpensive and shows high versatility, is suitable as the
i nert gas,bopdiedim oast the itesvhy dito delusdhaSoten@dbed above, in the
present invention, a sacrificial oxide filmis not directly formed on the
del ani nat eB*pR&AMEN Bueaphbes@matseacbughness and the damages of the
surface are inproved by first ierﬂorning the heat treatnment of the step (Q)
wi thout gener atthpeBstdiih dadamiinatiom st t bbet batedingi nedthe
t hi ckness Hggggynity..Then,:Eince damages on the -SO surface cannot

ment 18 perrormed in the step (f). In this step,

- the S80I wafer 6 is subjected to a heat treatment at a
high temperature as a bonding heat treatment to
obtain sufficient bonding strength, since the bonding
strength of the wafers brought into close contact in
the aforementioned bonding step and the delamination
heat treatment step in the steps (d) and (e) as it is
would be weak for use in the device production
process. This heat treatment is preferably performed,

for example, under an atmosphere of inert gas at
1000°C to 1300°C for 30 minutes to 2 hours, As for
the steps thus far, the method of the present
invention is the same as the conventional ion
implantation delamination method.

However, in the method of the present invention,
this bonding heat treatment may be omitted, and the
heat treatment in the following step under an
atmosphere of an inert gas, hydrogen gas or a mixed

gas thereof can be used also as the bonding heat

14



be sUiPF AL ILIEHEnoved B by the heat treatnent of 16 A HadHE 18813497

1}V 4WNO 4707 P. 24/37 the step (g) in many cases, damages on the SO
surface are taken into an oxide filmby the thermal oxidation in the step
(h), and thickness of the thermal oxide filmto be fornmed is controlled at
the sanme tinme so that thickness of the obtained SO |ayer should becone a
desired thickness. If the thickness of the SO |ayer is reduced by the

"thermal otiredtment def@nerof igigcan” beopt ai substantjially wthout
degr adi ng thickness uniformty. Fur herfifmzhe tﬁe?ﬁaﬁﬁﬁgi%tgP§IHQQs

removed bjpeusfingthber scboaoph €4 ean @@ug@%&%ﬁh%&@?ﬁ@%@t&ﬁ%i@g n the

step (i), an SA wafer having an SO |ayer of the desir e S
forned. Thi®thed SOf weiurvihag than SOohaayigWwbeh the desEERSd i ckness
can be obtai ned, in which the roughening of t%e surface and danages of the
surface aP¥I AR ydaBagas. while thickness unifornity is maintained In
addition, after ﬁ e heat treatnent in the step (g) and before the- thernal
oxi dation step ( B?na o FBRi e efqlsi mtha Sodckwafepvalt tefy 70ham or

| ess, espgcially 50 nmor |less, may be added as required (refer to Fig.
1, ]9'), By%&’&*lr%gtgﬁ?@ﬁd}#%wﬁgnﬁ eptep| (cj(rfg pﬁlroﬁfd:;mq[)oﬂ:ﬂe?ts ?f ]Eh;ah
surface ro S ai ch cannot be renoved by the heat treatnent o e
step (9) ,HgﬂgﬁkpiﬁQBPyﬁﬁﬁBvé&?Iﬂh%heﬁh&ﬂhﬂmﬂihe hetar ktrearwednt

Liﬁ;g?thOiZO&MEEEeE?SEB(ﬁﬁggg%uéﬁ]€o220%é2tlggeé%%£;€ ggé;rr§i4707
inert gas, hydrogen gas or a mixed gas thereof using
a usual heat treatment furnace in which heating is
attained by a2 heater (batch furnace) to improve
surface roughness and remove damages on the SOI
surface. The heat treatment temperature is suitably
1100°C to 1350°C, When it is lower than 1100°C, a
long period of time is required to improve the
surface roughness. On the other hand, a temperature
exceeding 1350°C may cause a problem concerning
contamination with heavy metal impurities or
durability of the heat treatment furnace. Further,
although the heat treatment time depends also on the
heat treatment temperature, it is suitably in the
range of 10 minutes to 8 hours. The heat treatment
for a period shorter than that may provide
insufficient improvement of the surface roughness,
and the heat treatment for a period longer than that
decreases the productivity. When the aforementioned

heat treatment is performed by using an RTA (Rapid

15




50 nil GF i‘ﬁééﬁlﬁﬁﬂlﬁ s snBSHERT t han the stock removal convent Nbrdal] y Ris@d/37

(about 100 nmor nore), and it can be reduced to, for exanple, a half or
| ess of the conventionally used stock renoval. Thus, degradation of

t hi ckness uniformty of the SO |ayer can be markedly suppressed.
Hereafter, explanations will be specifically nade with reference

to. exanpl es of the present invention and conparative exanples. However,

the preserfiiénmedt ikméalinl) idphadaitq;d hesg, Fgcda,frp to 4 and
Conparative Exanples 1 to 3) A si %con si ngl e grggta #%%&#ﬂﬁqumed by the

Czochr al skitempasa tarme hasi pyef er y6l 101 §hEali 0N, 5 <10Q>, . copductivity
type of p-type and a resistivity of gg 0-cm was sprggéeghdgﬁy%cggged to

prepare mlh?ﬁtsﬁﬁﬁﬂﬁMthitdma%ﬁerprmﬁéf§b§Y'quﬂytfgoofégghgg1 These
were divid into bond wafers and base wafers, and $01 waf ers' wereé

poducec, B e, i en e et oo ke s
First, acc&qﬁnﬁeﬁg ﬁgfagmgafpmgigg,amtRﬂm ap@&giﬁhgﬁé;%ﬂéWQQaB@jto
ves 400 nRCEHGT FRE drheromRE Aot i ons such as those. for fon .
) on oot vt A O E5iee haR00 A2 it sone 30 ke
Lgﬁh?m g;;?&ﬁf@m@ﬁ&%%%gﬁﬁ ,%g%gél&é%ngg;g;tééggggﬂte SO waf er
6 having aRoWdvéayeh £/ the content of hydrogen gas is high, the

aforementioned corrosion of the bonding interface

becomes likg;y to be generated, and slip dislocations

become likely to be generated by the heat treatment.

Therefore, the hydrogen gas content is preferabhly 25%

or less. The hydrogen gas content is more preferably,

lower than the explosion limit (4%) in view of safety.
Although argon gas, which is most inexpensive and
shows high versatility, is suitable as the inext gas,
helium or the like may also be used,

As described above, in the present invention, a
sacrificial oxide film is not directly formed on the
delaminated plané&, but the surface roughness and the
damages of the surface are improved by first
performing the heat treatment of the step (g) without
generating OSFs in the thin film and without

degrading the thickness uniformity,

Then, since damages on the S0I surface cannot

be sufficiently removed only by the heat treatment of

16



mﬁth2y3§hygﬁﬁé§§1g} 437XEWEPoul d be obtained. When surface Noughhesk df/37
the surface (delam nated surface) of the SO wafer 6 as del am nated shown
in Fig. 1 (e) was neasured for a 1 pmsquare by the atomc force

m croscope nethod, it was found to be 6.7 nmin average in terns of the
RVS val ue (root- mean-square roughness value). This value is 10 tines or
nore of a value for surface roughness of usual mrror-polished silicon

singl e crysghal s\:@‘pewg?]ari(ﬁ !rﬁanfaea%%$ee8F%?§?gﬁt12???ﬁgkgfaC§%ﬁf t he SCl

| ayer as del am nated has signiTicant |ca surface

(short persodfeagponest $hkdWrLRver arf Nox B ﬂaﬂ’i"?ﬁ,&ﬁ%ﬂ@ﬁ?@% uare,

whi ch serves as an index of [|ong period conponen , 1.e.,

as large @siBa%kiomi mna\terélgetelEagh)S,OaM@f %'hiiéﬁﬁ‘é]%iét algy aﬁ%er t he
del ami nati on steps (e) was used and processed according'to e processing

flows shovkhermadbleside Fd® toubbaTDFRNENNeS T BL1 Il kEeTR
uniformty (average: t, standard deviation: a) and defect ensi f of the

SO | ayer ¥AMeadhmdt &b nédatonteilc knafsay YEr EhEAHH Eneall el yer
conditions .and_19 20U3~ 31f138 18D12 FI VI F neasurenent conditions are

shown i n THPPHE1Y berome 2 PeagtsednghifdlomeFahl e IF BrpaPLe 1Lk s Rondi ng
heat treahﬂ?”éhelsOI layer is reduced by the' thermal ] i

oxidation,
& thinner film can be obtained substantially without
degrading thickness uniformity,

Further, if the thermal oxide film is removed
by using, for example, an aqueous solution containing
HF in the step (i), an SOI wafer having an SOI layer
of the desired thickness is formed,

Thus, an SO0I wafer having an 380I layer with a
desired thickness can be obtained, in which the
roughening of the surface and damages of the surface
are surely removed while thickness uniformity is
maintained

In addition, after the heat treatment in the
step (g) and before the thermal oxidation step (h), a
polishing step using a stock removal of 70 nm or less,
especially 50 nm or less, may be added as required
(refer to Fig, 1,'g’). By adding this polishing step,
long period components of the surface roughness,
which cannot be removed by the heat treatment of the
step (g), can be surely removed. Further, since the

stock removal is limited to 70 nm or less, especially
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A ahHeki P18 185E4cr i 1 i B8R oxi dation 1 Removal of oxide HO. K Exahpll/d

ndi ng i 1 Polishing for 40 nm 1
Bondi ng heat treatment 1 Ar annealing .
Sacrif?cial oxidation 1 Renoval of oxide film NO.4707 P. 2r{37 Scarml e 3
Conparative Exanple 1 No bonding heat treatnment 1 Ar annealing np

Processing flow Exanpl e 4 Bondi ng heat

50 nm or less, it is smaller than the stock removal
conventionally used (about 100 nm or more), and it
can be reduced to, for example, a half or less of the
conventionally used stock removal. Thus, degradation
of thickness uniformity of the SOI layer can be
markedly suppressed.

Hereafter, explanations will be specifically
made with reference to examples of the present
invention and comparative examples, However, the

present invention is not limited to these.

(Examples 1 to 4 and Comparativg Examples 1 to 3)

A silicon single crystal ingot produced by the
Czochralski method and having a crystal orientation
of <100>, conductivity type of p~type and a
resistivity of 20 Qecm was sliced and processed to
prepare mirror surface silicon wafers having a
diameter of 200 mm. These were divided into bond
wafers and base wafers, and SOI wafers were produced
by the ion implantation delamination method of the
present invention according to the steps represented
in Fig. 1, (a) to (1),

First, according to Pig, 1 (a) to (e), a bond
wafer 2 was delaminated to obtain an SOI wafer 6. At
this time, thickness of a buried oxide layer 3 was
400 nm, and the other major conditions such as those

for ion implantation were as follows,

18



trea@orpéﬁtgmiﬁ Aﬁmgﬁneal |%3$W Polishing for 55 nm1 Sacrif i 4107 oxi ddt/idon

: : . : : ; 1
1 Renoval of oxide filmBonding heat treatnment 1 Ar annealing .
Polishing for 70 nm1 .Sacrificial oxidation 1 Removal of oxide film
20 Conparative Bxanple 2 Bonding heat treatnent 1 Sacrificial oxidation
1

1) Ion implantation conditions: HY ions, implantation
energy: 90 keV, implantation dose: 6.5 x 10%%/cm?

2) Delamination heat treatment conditions: under N,
gas atmosphere, 500°C, 30 minutes

Thus, the S80I wafer 6 having an SOI layer 7
with a thickness of 437 nm could be obtained. When
surface roughness of the surface (delaminated
surface) of the S0I wafer 6 as delaminated shown in
Fig. 1 (e) was measured for a 1 Hm sguare by the
atomic force microscope method, it was found to be
6.7 nm in average in terms of the RMS value (root-—
mean-square roughness value). This value is 10 times
or more of a value for surface roughness of usual
mirror-polished silicon single crystal wafers, and it
can be seen that the surface of the 80T layer as
delaminated has significant local roughening of the
surface (short period components), Moreover, the RMS
value for a 10 pm square, which serves as an index of
long period components, was also large, i.e., as
large as 5.5 nm in average.

Each SOI wafer immediately after the
delamination steps (e) was used and processed
according to the processing flows shown in Tables 1
and 2, Surface roughness (RMS), thickness uniformity
(average: t, standard deviation: g) and defect
density of the S0I layer of each obtained bonded

wafer were measured. Treatment conditions and
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Rer.ro\;gq.gﬁoimnglit}ﬁlsmfi | m ﬂ'&ﬁﬁiﬁfﬁ anneal i ng Conparative Exanple 80. Bt n% Réat!
treatnent 1 Polishing for 100 nm 2003 3A13B 1841N} 1 M Table 3 NO 4707
P. 28/ 37 Treatnment conditions and nmeasurenent conditions (Bondi ng heat
treatment) 1100C, 120 m nutes (100% N2 at nosphere) (Ar annealing) 1200C,
60 m nutes (100% Ar at nosphere) (Sacrificial oxidation) 950C , pyrogenic
oxi dation, oxide film thickness: 590 nm (Exanple 1), 500 nm (Exanple 2),
465 nm ( ExarfE suBpnaat Scond(BEisms eadh, 30 m NEK( agi ve Exanple 2)
(Renoval of oxide filnm Etching with 5% hydrofluoric acrd” "(Surface
roughness measurenment) AFM produced by Veeco, RMS neasurenent for 1 pm
square and 10 um square (Thickness distribution neasurenent) AcuMap 2
produced by ADE, neasured for 1765 points in a plane (Defect neasurenent)
Diluted Se%%%leé ctl1i ng until SO | ayer thickness.

Example 1 Example 2 Comparative Comparative
: Example 1 Example 2
No bonding Bonding heat [No bonding Bonding heat
heat treatment heat treatment
treatment treatment
Ar annealing Sacrifici
al
| Ar annealing ' Ar annealing (oxidation
Processing . Polishing
£ ow Sa;rifzc;al for 40 nm Removal of
oxidation oxide film
Sacrificial i
Removal of oxidation
oomoval of Ar annealing
Removal of
oxide film
Table 2
Example 3 Example 4 Comparative
= . Example 3
onding heat Bonding heat Bonding heat
treatment treatment treatment
Ar annealing |ar annealing Polishing for
. : _ 100 nm
Processing Polishing for Polighing for
£low is nm 70 nm
Sacrificial .Sagrificial
oxidation oxidation
Removal of Removal of
oxide film oxide film




becoﬂgéﬁéwlﬁi18%Qﬁtcmlﬁﬁﬂﬁwm hydrofluoric acid Observati om0t ofi &&137

m croscope Hereafter, the defect neasurenent nethod for the 501 |ayer wll
be explained briefly. In a case of thin filmSQO as in the present
invention, if the Secco etching solution (m xture of dichromc acid,
hydrofluoric acid and water), which is used for the preferential etching
of usual silicon wafers, is used, th.e etching rate becones unduly high,
and the 501 |ayer is renoved by the etching for a short period of tine.
Therefore, it is not suitable for evaluation of defects. 21 29U3~ A3d 18
12? Mp,; iTdL478 7 P. 29/ 37 Therefore, the etching is performed by using
t he Secco-etching—selution diluted with pure water so as to reduce the
etching r Ireatment jgondiduinns and e Sotefeydr denddrsi engr edet er i ned
t hi cknesd, (Byndihigs hrahi tgeaefieat)porti ons | n the SOY Tayer Decone [vicro

pits pengtrati ng]ldrrge"@()lllzeglemlnﬁbt@coe ttobg nd n%%%ﬂgg bserve thepe
mcro pitis(zms gﬁgg the burled oxl de Iayér through thel mcro

pits by |nner5| i n drof c.acid to visualize the defect
porti ons. e de ect :b?’t‘ Sﬁ"s e:;a(ﬁ‘s’gep‘éasqm?"éﬁ@@rﬁ@d fromthe
~surface qf ﬁq+? | A @%&E by using a optical mcroscope. In|these
exanpl es and cor?p%‘?a@vv@%@ﬁhé@ ox 1@atiens abkydavdilabl e usual Secco
et chi ng dol uti orthiakneisisut edd0wnee Ewlampe@ Iangd 50@ dinh U{RLapRA
etching vas ternat ¢é5when (ARaipilkness a5 hen (8 r
becane ahout 30 riun (dBRPafdEy vEa F ?gersed #ngﬁgémg E?”Véyﬁ
hydr of | ugr {Remm6id1 ¥ Qi@%FQﬂﬂﬁm) and %e ct density was neasured by
Etching with 5% hydrofluoric acid
(Surface roughness measurement)
AFM produced by Veeco, RMS measurement for 1 am
square and 10 pm square
(Thickness distribution measurement)
AcuMap 2 produced by ADE, measured for 1765
points in a plane
(Defect measurement)

Diluted Secco etching until SOI layer thickness-
becomes 30 nm — Etching with hydrofluoric acid
> Observation with optical microscope

Hereafter, the defect measurement method for
the S80I layer will be explained briefly.

In a case of thin film SOI as in the present
invention, if the Secco etching solution (mixture of
dichromic acid, hydrofluoric acid and water), which
is used for the preferential etching of usual silicoen
wafers, is used, the etching rate becomes unduly high,
and the SOI layer is removed by the etching for a

short period of time. Therefore, it is not suitable

for evaluation of defects.
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obseFQQ%h?HWHe”E#@% for BEWFIh the buried oxide layer by usi Ny 40bpth.cad/37

m croscope of 100 nagnifications. The neasurenent results are shown in
Tables 4 and 5. 22 20034 ME 18012 MA PNO, 4707 P. 30/37 Table 4 Thickness

Defect RMS (nm)distribution density (nm1 pmlO un®
squar esquar eAver aget a(nunber/cm) Exam | 1 p 0.080.29171 0 1 e5210 , , X

Exanpl e 20. 060, 16172 1 1 40102 Com
Therefore, the etching is performed by using

the Secco etching solution diluted with pure water so
as to reduce the etching rate until the thickness of
the S0I layer becomes a predetermined thickness, By
this etching, défect portions in the S80I layer become
micro pits penetrating the 80T layer. 8Since it is
difficult to observe these micro pits as they are,
the buried oxide layer is etched through the micro
pits by immersing the wafer in hydrofluoric acid to
visualize the defect portions. Thus, the defect
portions can be easily observed from the surface of
the thin film soOT layer by using a optical microscope,
In these examples and comparative examples, a
commercially available usual Secco etching solution
was diluted twice and used, and the diluted Secco
etching was terminated when the thickness of the
remaining SQI layer became about 30 nm. Then, the
wafer was immersed in 25 weight. % hydrofluoric acid
for 90 seconds, and defect density was measured by
observing the pits formed in the buried oxide layer
by using a optical microscope of 100 magnifications,
The measurement results are shown in Tables 4

and 5,
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(OU5F 340 dBBME e R8I 0. 100. 28 1437.00.2 15 x 105 Cdif 4B i H/3R

tive
0171.50.22 x 10 Table 5 Exanple 3 Examle 4 Conpara
ve ExaaneZO o distribution (nm s uare square

Exanple 3 RVM5 (nm) 1 um 10 um Thi ckness

Average t 0.08 0.15 172.5
Table 4
Thickness
RMS (nm) distribution Defect
(nm) density
1 pm | 10 um (number/cm?)
sguare | sgquare Average t o

Example 1 0.08 0,29 171.5 0,2 1 x 102

Example 2 0.06 0.16 172.4 1.0 1 x 10°

Comparative 5

Example 1 0.10 0.28 437.0 0.2 5 x 10

Comparative 4

Example 2 0.11 0.30 171.5 0.2 2 x 10
Table 5

Thickness
RMS (nm) distribution Defect
(nm) density
1 um 10 pm (number/cm?)
sguare | sguare Average t o

Example 3 0.08 0.15 172.5 1.4 1 x 10°

Example 4 0.09 0.14 171.5 1.5 1 x 10¢

Comparative 5

Example 3 0.10 0.13 437.0 2.0 5 x 10

From the results shown in Tables 4 and 5, it

can be seen that

» for sufficiently removing

roughening of the surface and damages on the surface

resulting from ion implantation and forming an SOI

layer having few defects,

the production method of

the present invention used for Examples 1 to 4 is

suitable.

Moreover,

in Example 1,

removal of a

delaminated surface by polishing is not performed at

all,

uniformity was obtained,

and therefore extremely superior thickness

Long period components of

the surface roughness was improved by 10 times or
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0.09 0V RAH WY 1 BEWEA 4370 a 1.4 1.5 2.0 Defect HBITy P 31/37
(number/cnm2) 1 x 10 1 x 102 5 x 105 Fromthe results shown in Tables 4 and
5, it can be seen that, for sufficiently renoving roughening of the
surface and danages on the surface resulting fromion inplantation and
formng an SO |ayer having few defects, the production nethod of the
present invention used for Exanples 1 to 4 is suitable. Mreover, in

Exanpl e 1, Meat\abmp rad del 8 RAACk SURHAEA e POl L3AY Lg not perfor med
at all, and _therefore extrenely superior thickneSs “unitfo ty was

obt ai ned. E6A@MiRa blononpEunEhbaglf thde Swd a&piggtggg,nq%;fgggoirn’proved by
10 times or 23 1U03 3gl13d 18B13N fg fffhR NO 47U7"P. 31/ nor € conpar ed

with t hose®PHRET o eV§ taf Brampdesde? abbnat worar@l HBRUK 1HgYyae sl ightly
inferior co red with Exanples 2 to 4 where polishing was™ perfornmed for
70 nmor |BSEEGRBVERE 7P Bx@npireslesst o Moraldvkanghia Exdhs1 degradation

of the thi%knags'%f | forpty was observed due to the influence of
pol i shi ng, -8 wids PURR ft ot hEG 1t dedgrgHaltdvet of the) £19idkbadB

Hﬂtheﬂﬂ”ﬁni§@£ﬁ¥%§nggg%ﬁ%§LLgé due to the influence of
polishing, ¢ was still maintained at a high level of
1.0 to 1.5 nm, Furthermore, extremely high guality
was obtained for surface roughness for both of the
short period components and long period components.

On the other-hand, it can be seen that, if the
Ar annealing alone was used as in Comparative Example
l, the dgfect density becomes markedly high, and
surface damages cannot be completely removed.
Further, it can be seen that, as in Comparative
Example 2, although the effect of defect reduction
was obtained by performing the sacrificial oxidation
before the Ar annealing, the defect density became
higher compared with Examples 1 to 4 due to the
generation of OSFs in the oxidation sfep. Moreover,
if the polishing alone was used as in Comparative
Example 3, the defect-density became markedly high,

N and in addition, the thickness uniformity was bad
because the polishing was performed for no less than
100 nm.

Thus, it can be seen that, according to the

present invention, there can be produced, for example,
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was %Mﬁgiyaéaﬂéﬁlgbrfac@ﬁﬁ ghness for both of the short peld ddlTonboddiits

and | ong period conponents. On the other hand, it can be seen that, if the
Ar anneal ing al one was used as in Conparative Exanple 1, the defect
density becones nmarkedly high, and surface damages cannot be conpletely
renmoved. Further, it can be seen that, as in Conparative Exanple 2,

al though the effect of defect reduction was obtained by performng the

sacrifici ala duoddeidorsobefrheedie &4 ] e density_becane
hi gher conpared with Exanpl es 1to 4r§%ﬁof§ﬂghh%}nsgrgﬁlﬁ§ﬁ &e%ﬁé§eidn t he

oxi dati on si®p.aMbr ewvesquairk tared PObi Hh 2280 S HEPEOR® 2dver 4 i1

Conparative Exanple 3, the defect-density becane ma

addi tion, tHerfacekdess) ubbf amnidy Wassbathy begau e. RAQLi shi ng_was
per f or med fog_ag |l ess than 100 nm Thus, it can g’?érgesrlaﬁﬁé%rg’acgordi ng to
i

the prese®t Bnthdtknagse odartive goaducegerf o axaPhR, 024 ROLL 3Al 36
IMN OIMRM_. 4 NO 4707 ... P. 32/37 a bonded SOT wherein surface robughness
(RVB) neas(PFill MPEROYAr e feedr dlemdlty s shease tofad heoSO | ayer

surface isr§13§ nz1oa | ess for the both squares, a of the thickness of the
SA |ayer i MO Affor | ess, and noreover defect density is less than 103
nunber / cnk. Furtﬁg&ﬁgéft al t hough 100% Ar at nosphere was used as the

at nosphere for t PPERL thengh ifi0vi Ay wtmssphace neaghness in

o gon CRSTES SRR SR bR e SR A e brant o
improving the surface roughness in the aforementioned
examples, when the experiments were performed by
using an argon atmosphere containing 3% hydrogen gas
instead of the above atmosphere, results.
substantially similar to those mentioned above were
obtained. Further, in the heat treatment under 100%
Ar atmosphere in Examples 1 to 4 and the heat
treatment utilizing the argon atmosphere containing
3% hydrogen gas instead of that, such corrosion of
the bonding interface as seen in a heat treatment
under an atmosphere containing a large amount of

hydrogen such as 100% hydrogen atmosphere was not
observed. '

The present invention is not limited to the
embodiments described above. The above-described
embodiments are mere examples, and those having the
substantially same configuration as that described in

the appended claims and providing the similar
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i nst@%ﬁcﬁlﬂlamé%@éve atfitbafier e, results. substantially sinf0 4H% o R nd¥aT

menti oned above were obtained. Further, in the heat treatnent under 100*
Ar atnosphere in Exanples | to 4 and the heat treatnent utilizing the
argon at nosphere containing 3% hydrogen gas instead of that, such
corrosion of the bonding interface as seen in a heat treatnent under an
at nosphere containing a |arge anount of hydrogen such as 100* hydrogen

at nospher efwAGtARIng ORBA" Wadra 1 S | ' i t ljipited to the
enbodi nents descri bed above. aThggg%gve-des%?#ge%?éwén%éd?%eent%gggg rcr)efr)e
exanpl es, tme phesemavingetriciogybstantially sane configuration as that
described in the appended clains and . providing the simlar 25 M34 3 MB
18013~ g NO 470Fdx &83A8Pfeincwvhale atite agradaigesi aventicdudads n the
scope of the_present invention. For exanple, while the present invention
was expl H¥RYaipere AacwHey Mainlpe foaseshef chewd ngtt vondingi kivgon waf ers
to produce SO wafers, the present inventionis not limted to those, and
of course Q% SdddcanovagesspltedproduonsdOlherears i onhiempaasest silicon
wafer is bonded to an insulator wafer and delam nated to produce an SO
waf er, and-AVeRddhel® ngtcdippliedsdin condeet,oravadfef sunirse GaAs waf er
is wused as a wafer .to be inplanted with ions. Further, the production

st eps for?ﬂ%d%@§&39%eapﬁéﬁﬁﬁiVﬁférQﬁﬁ@rﬂhﬁg&(ﬁmhéOpHimp&ahMdeion

ose,nentioned in Fig. 1. Qther steps such as

t 1jm to t
glr ganin(rjlg a'“J'nl(rJﬁ%ggP 8"? Fhent W%@g IR Arguliptex eys fare asdd with

suitable gelaminated to produce an SOI wafer, and a case where
2 compound semiconductor wafer such as GaAs wafexr is
used as a wafer to be implanted with ions.

Further, the production steps for producing the
bonded wafer-according to the present invention are
not limited to those mentioned in Fig. 1. Other
steps such as cleaning and heat treatment may be
added, and the steps are used with suitable
modification ineluding alteration of thé order of the

steps, omission of some steps and so forth depending

on the purpose.
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nndi?pggtwgﬁﬁﬂﬁgﬂﬁﬁing BE8Pt i on of the order of the stepsh0.ddiEsibn 3437
sone steps and so forth depending on the purpose. 26 2003~ M36 184I N

MB11180 A CLAIMS NO-47F P. 34/37 1. A nmethod for producing a bonded wafer
by the ion inplantation delam nation nethod conprising at | |east a step
of bonding a bond wafer having a mcro bubble [ayer forned by gaseous ion
I npl antation and a base wafer serving as a support substrate and a step

of delam nating the bond wafer at thqaﬁgfﬁg bubbl e layer as a border to
forma thin filmon the base wafer, erein, after the delam nation of the

bond wafer, the bonded wafer is subjected to a heat treatnment in an
at nosphere of an inert gas, hydrogen or a m xed gas thereof, then the

bonded waf ér- i s AsuigtEosddfoa thesanbiog dat heRded f r oxi de
filmon the surface of the thin film gﬁ% t hen the‘ﬁig%%aFggfg? filmis

removed t oledduaplandiatssen de lianel hbkn o |rﬁ7ét30dT%niF££'99nfgora~@r0dUCi ng
a bonded w&fer according to Claiml, wherein, after the heat ° treatnent

under an at-#fPheRestPrarrfneonddasy ahpemaberagas ®fa AL gy X8d mdasy & her eof
thin filmis polished for a stock renbval of 70 nm or

t he surfacgwgp thf

| ess. and kel pNemef ovmpdabivoroase oper foonedmplafbet IBhhathd 0f

produci ng gagpnded waf er 27, 2003 3~13B 1801, } Ooh

| ¢ wafer serving as a Support substrate and a step
of delaminating the bond wafer at the micro bubble
layer as a border to form a thin film on the base
wafer, wherein, after the delamination of the bond
wafer, the bonded wafer is subjected to a heat
treatment in an atmosphere of an inert gas, hydrogen
or a mixed gas thereof, then the bonded wafer is
subjected to thermal oxidation to form a thermal
oxide film on the surface of the thin £ilm, and theﬁ

the thermal oxide film ig removed to reduce thickness

of the thin film.

2. The method for producing a bonded wafer
according to Claim 1, wherein, after the heat
treatment under an atmosphere of an inert gas,
hydrogen gas or a mixed gas thereof, the surface of
the thin film is polished for a stock removal of 70

nm or less, and then the thermal oxidation is

performed.

3. The method for producing a bonded wafer
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NO4%WEP3H 38/ 148 becor %% caim 1 or 2, wherein the heatNG 4kl meht 35/37

under an at nosphere of an inert gas, hydrogen gas or a mxed gas thereof
is perforned under a 100% argon atnosphere or an argon at nosphere

contai ning hydrogen in an amount bel ow explosion limt. 4. The nethod for
produci ng a bonded wafer according to any one of Clains 1 to 3, wherein a
silicon single crystal wafer is used as the bond waf er. 5. A bonded mafer

produced byddwrdbhgotaccDadinng 40 any % 6

bonded SO wafer produced by bonding two |conn&3%%£ tﬁ%?EﬁFB%lde
film wher eindesnr Aace tmosighaess RV Wﬁ? akor x cﬂr%}@ re and 10
pm square of the SOl |ayer surface is 0.15 n I ess d?ﬁ

squar es, amjm%¥¢dtu@artm¢nesf(ﬁstﬁerfgﬂmé@ygﬁdbg %Eﬁ@@}o ﬂéﬁﬁ'

atmosphere or an argon atmosphere containing hydrogen

in an amount below explosion limit.

4, The method for producing a bonded wafer
according to any ope of Claims 1 to 3, wherein a

silicon single crystal wafer is used as the bond

wafer,

5, A bonded wafer produced by the method according

to any one of Claims 1 to 4.

6. A bonded S80I wafer produced by bonding two of
Silicon wafers via an oxide film, wherein surface
roughness (RMS) measured for a 1 um. square and 10 pm
Square of the SOI layer surface is 0.15 np or less

for the both squares, and o of the thickness of the

50T layer is 1.5 nm or less.
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