4 JANUARY 2006 SPECI FI CATI ON Met hod for Produci ng Bonded Wafer Jggmj 2006
Field The present invention relates to a nethod for producing a oné%
wafer utilizing the ion inplantation delam nation nethod, in particular, a
,method for producing an SO wafer by bonding a silicon wafer inplanted

wi th hydrogen ions or the 1like to another wafer serving as a support
substrate and then delam nating the wafer. Background Art Recently, as a

met hod for producing an SO water. conpri sing bonding a wafer
i npl anted with hydrogen ions org?ﬁgxéﬁﬁgﬁgﬁgﬁfhen del am nating the wafer

-to produce an SO wafer (a technique called ion inplantation delam nation
nmet hod: Smart Cut -Method (registered tradenmark)) is newy comng to

“attract much attentL@@tHQHsngt%¥%du&§n 1§g¥@é8u%£}grproducing an SO
[ or at e

‘wafer, wherein an oxide filmis med o ast one of two silicon

waf ers, gaseous ions such as hydrogen ions or rare gas ions are inplanted
into one wafer (bond wafer) fromits top surface to forma mcro bubble

| ayer (enetaseddmayeirlidn this silicon wafer, then the ion 1 4 JANUARY
2006 i npl anted surface of the wafer is bonded to the other silicon wafer
(base wafer) vikhéhpreddetfihfMention relates to a method for

producing a bonded wafer utilizing the ion
implantation delamination method, in particular, a
.method for producing an S80I 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 wafef.

Background Art

Recently, as a method for producing an S0OI
wafer, the method comprising bonding a wafer
implanted with hydrbgen ions or the like and then
delaminating the wafer to produce an SOI wafer (a
technique called ion implantation delamination
method: Smart Cut Method (registered trademark)) is
newly coming to attra§£ much attention. This method.
is a technique for produciﬁg an S0I 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

(encleosed layer) in this silicon wafer, then the ion-




thereafter the wafers were subjected to a heat treatnent (delam I
heat treatnent) to.delam nate one of the wafers (bond wafer) aghgsﬁkﬁﬁY2006
filmat the micro bubble Iayer as a cleavage plane, and the bonded wafer
is further subjected to a heat treatnent (bonding heat treatnent) for firm
bonding to obtain an SO wafer (refer to Japanese Patent Lai d-open

(Kokai) Publication No. 5-211128). In this nethod, the cleavage pl ane
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surface ofp S0k 33 ahkelyg flet amaald op.gye i dheol on diptantation, and

the surface has her surface roughness tonpared w m rror surfaces of

silicon wetebsnRintsyak 1RmPAuEt 5 ohevela+ Thekefighentht Recoupsgcassary to
ﬁ% the 1 on

renove such a damaged | ayer and roughening of t surface I n

i npl ant atbpe del amealihgr 1t iBdnd Grorenti anald yenih aroen L@ nepve the
damaged | ayer and so forth, mrror polishing using a small anmount of

stock rempvakof arulpel bshiang: f sheck remyabgeahouine10@ ) ¢nuhich is called
touch polish, has been 2 4 JANUARY 2006 perfornmed in a final step after the
bondi ng Heatdety ead firent is further subjected to a heat treatment
(bonding heat treatment) for firm bonding to obtain
~an 50I wafer (refer to 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 uniformiﬁy of the thickness of the S0I layer is
comparatively easily obtained.

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

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




However, if the SO |layer is subjected to polishing involving '
processing factor, there is caused a problemthat uniformty o?JgE@ﬂ§@¥3366
| ayer thickness attained by inplantation of hydrogen ions or the |like and

t he del am nation is degraded, because the stock renoval for polishing is
not uniform Therefore, Japanese Patent Laid-open (Kokai) Publication No.
10- 242154 proposed a nethod for inproving the surface roughness by

subj ecting an SO .wafer_ optained by the.ion jnplantation delam nation

met hod tdggreﬁﬁm?geé{hé%t %ﬂagn%ﬁ%@vg%éEﬁ%é%ﬁgrgoqé@ﬁgoggﬁﬁétnnsphere)
wi t hout pg#%gﬂ%ﬂgnkhe surface of the SO wafer. It is described that,
according to i's et hod, the surface roughness of the SO |ayer surface

can beirnnovedﬁwwéﬁ%yaiQ%mgﬂggséﬁelﬁgéégﬁgighﬁgegkg@tggckness of the

SO layer. However, danhges resul ting f e ion inplantation exist in

an SO \Na{;e&ioobﬁfliéaeqrmoi-@engi QD hEBhantiatd PnpdelaE Nehhor Jridpd, and the
damages 1n the S | ayer are’large at the surface side and becone smaller

at a deepghchasiikopakisddieal p¥&yb L edheneforen kb tdver yaber i ssbfected to
such a heat treatnment in an active atnosphere as descri bed above, -

recovery ohitdhe dpnegese agvanees d&@nbiyntigid Daneh tHihen 3o0é 3006 SO
| ayer to the surface side. However, when the danages at the surface side
are largeiomsheat the like and the delamination is degraded,
because the stock removal for polishing is not
~uniform. |
Therefore, Japanese Patent Laid-open (Kokai)
Publication No. 10-242154 proposed a method for
improving the surface roughness by suﬁjecting an S0I
wafer obtained by the ion implantation delamination
method to a heat treatment in an active atmosphere
(hydrogen atmosphere) without polishing the surface
of the SO0I wafer. It is described that, according to
this method, the surface roughness of the S0I layer
surface can be improved while maintaining the
uniformity of film thickness of the S0I layer.
However, damages resulting from the ion
impiahtation exist in an SOI 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 a2 deeper position in the lavyer.
Therefore, if the wafer is subjected to such a heat
treatment in an active atmosphere as deseribed above,

recovery of the damages advances from interior of the




treatment at a high tenperature for a long period of tine isr I
in addition, conplete recovery may not be obtained even if a hig#N&EﬂKY3886

treatment is performed at a high tenperature for a |ong period of tine,
as the case may be. Since the strength and depth of the damages are

" influenced by the amount of inplantation energy and dose of gaseous ions

such as hydrogen ions, for exanple, when the inplantation energy needs to

be incre d i he ,gase_of _produci an_SO wafer _having a thick SO
| ayer or %éﬁhil%%gr%gd tg’&ef d%urlfgfé?,sbggmheﬁot"??eveaﬁse_wﬁ’@é&ist § be .

i ncrease u se rformng_the del am nati,on heat treatnen
at a Iomﬂ?éﬁ%g%gfu?g,%?%%:% %?gﬁﬁhfggﬁgdaﬁFb&ﬁ%ﬁgebeébﬁﬁ§a£enarkable.
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tenperature for a [ong peri ne under "a teduci

conpri si ngihdriogep-gas. i | 1 gaR aty t i daye rf et ched,
t hll]’];) t hi 23#3?5 luni f%gm tryédnhygge dengr%(gggfgldan’d %?@E)lﬁatfcgg grr%éogfgelf%r med in

a buried maiyded@yse. oot snoheBomENoNri § ¢RUSEd: Py e feasan described
bel ow. That is, defects such as COPs (Crystal Oiginated Particles) exist

in the SGhekgyameandti fa High aeampronaected 40t he 104 de Eikmas, he under
4 4 JANUARY 2006 | ayer, COPs do not disappear and renmain as they are, or
they are ’eizme,eniarghé. cHms ehaye bdhydrogen or

Since the strength and dépth of the damages are
,iﬁfluenced by the amount of implantation energy and
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 SOI layer or a thick buried oxide
layer, or when the dose needs to be increased for the
purpose of performihg the delamination heat treatment
at a low témperature, the aforementioned problem
becomes remarkable.

Furthermore, if the wafer is subjected 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 laver surface may be
etched, thus thickness uniformity may be degraded,
and etch pits may be formed in a buried oxide layer.
This phenomeﬁon is caused by the reason described
below. That is, defects such as COPs (Crystal
Originated Particles) ex;st in the SOOI layer, and if

they are connected to the oxide film as the under



the like that penetrates through the defects also etches the byri
| ayer, and thug pits are formed there to cause the aforenentloﬁééﬁqua¥§3806
phenonenon. These etch pits are problematic, since they influence also on
the SO | ayer neighboring the pits. As described above, although various

nmet hods have been proposed in order to renove the damaged |ayer and
rougheni ng of the surface of SO wafer obtained by the ion inplantation
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met hoa ha{§ bg réyde i eg 'Epeélef re S scri hed in Japanese Patent
Lai d- open fKoElal ) %E%I Foat! on ﬁ\l%rjf(fgo 124955 Otrlje' _%ﬁﬁ%ﬁﬁs 506]1: e'; hgf g
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remai ni ng eana ssurfacsueh 0oL aver @y et the.q dehatination in the ion

i npl antation del am nation netho mai ntal ning"t

uni for m t§0phect 6k hay Saugemethod, ob.- AT 08, A0 O, Libmy @ heat

treatment under an oxidi zi ng at nosphere on t SA “su er

‘del ami natTleaset hanc-k eppvisngitbepr@d dandthm %ééb%%%;{ﬁnfﬁil?égi ting
the wafer to a heat treatnent under a reduci ng at nosphere. ANUARY
2006 |f. ahsosorcathedssacridysiahedxidabkohd schoephedmed, in which an
oxide filmis fornmed on the .
As described above, although various methods
,have been proposed in order to remove the damaged
layer and roughening of the_surface 0f SOOI wafer
obtained by the ion implantation delamination method
while maintaining the thickness uniformity of SOI
layer, there are no satisfactory method so far, and a
suiltable solution method has been desired.
Therefore, as described in Japanese Patent
Laid-open (Kokail) Publication No. 2000-124092, the
_applicants of the present invention proposed, as a
- method for producing an S0I wafer of high guality 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
S0I surface after delamination, then removing the

oxide film, and subsequently subjecting the wafer to

a heat treatment under a reducing atmosphere.



SO layer by a heat treatnent under an oxidizing atnosphere, ap Go6
oxi de ¥I|WIYS renoved, a part of or whol e damaged | ayer on the gé}ﬁﬁg§ta

surface can be incorporated into the oxide film and therefore the danaged
| ayer can efficiently be renpved by renoving the oxide film Further, a
heat treatnent can be subsequently perfornmed under a reducing atnosphere
to recover the danaged |ayer renmaining in the SO |ayer and inprove the

surface roughness nd_t he at. treat t ti of, the heat treatnent
under a redugl ng§at rr%‘sp Oer(éa“vt'vE r?dal%‘—i’)cﬁ fEﬂé‘& dafthed dspart of or

| ayer. surf has heen renoved by the
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consi der egtibatorashe SO af efn gl eHd ehpl M A "te\fnca” be produce
the ion |nplanF3t|%n gélanlnatlon Qﬂ% ée 19% i % prod fl?lty As

descri bedpabevef tde (BN qugmdese] | Pedeain onJath"i‘Qe§% L. Publication
( Kokai ) Epai d- open No. 2000- 12120 2 has ﬁe advant age t @?%e damaged | ayer

and the rouglierieng-eh bhe l&wéagarw@anm&oortﬂ@eox%!e layef, sunface after
t he del ami nation can be 6 4 JANUARY 2006 renoved-in the ion ifplantation
del am nattheregtdios twmIdam&meﬂaumygktbgnt@f$m§§§ﬂ£1§c5g1ty(ﬁ t he SO
removed by removing the oxide film. Further, a heat
4treatment can be subsequently performed under a
reducing atmosphere to recover the damagedrlayer
remaining in the SOI 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 SOI.layer surface has been removed by the
sacrificial oxidation. Furthermore, this method does
not require polishing or the like involving a
mechanical processing factor, uniformity of the film
thickness of the ?OI layer is not degraded, and thus
it is considered that an SOI wafer of extremeiy high
quality can be produced by the ion implantation
delamination method with higher prodﬁctivity.
As described above, the technique described in
Japanese Patent Publication (Kokai) Laid-open No.
2000-124092 has the advantage that the damaged lavyer
and the roughening of the surface remaining on the

S0I laver surface after the delamination can be




| ayer. However, when the inventors of the present invention per 3éﬁﬁ§3
adéitional experiments for this technique, it was found that t hé H&@06
had the follow ng drawbacks and thus the technique was insufficient as it
was as a method for production in a large scale. 1) Since the sacrificial
oxidation in the aforenmentioned technique directly oxidizes the

del am nat ed pl ane obtained by the ion inplantation, oxidation induced

dat d these OSFs
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treatnent is perforned un an atnosphere

hydrogen gesnas die reduciag abmsphensy dhe pYdnagen 0ag.acts on the
bonding interface, and thus corrosion of t ein e may “be

si gni fi cafb 1anty 1104 dirta wHYc RBUSE DaFh g @:hgﬁ”@é@flh‘l %QéNUARY 2006 in
the devi.ce production process. Disclosure of the Inve t|on

insufficient as it was as a method for production in
a large scale.

1) Since the sacrificial oxidation in the
aforémentioned technique directly oxidizes the
delaminated plane obtained by the ion ;mplantation,
oxidation induced stacking faults (OSFs) may be
generated by the oxidation, and these 0OSFs may not be
completely removed only by the subseguent heat
treatment under a reducing atmosphere.

2) Surface roughness sufficiently removed by the
heat tréatment under a reducing atmosphere mainly
~consists only of short period components (e.g.,
period of 1 pm or less), and removal of long period
components (é.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 feducing 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




The present invention was acconplished in order to solve the ARY 2
af orenenti oned problens, and its object is to provide a methodﬁ%ﬁU 006
producing a bonded wafer, which can surely renove damages or defects on a
surface of a wafer produced by the ion inplantation delamnation nethod
and sufficiently flatten the surface roughness while maintaining the
thickness wuniformty of the bonded wafer, and which gan al so Fe 4 t
sufficientl sed,as t echni_que for Iarge scale production. In order to
achi eve tﬁ8y§$ﬁ?éﬂﬁﬁﬂ Ghéﬂr%ﬁﬁééﬁinltﬁéoﬁﬁﬁﬁént i nvention provides a nethod
for producing a bonded wafer by the ion inplantation delamnation method
conprising at least a step of bonding a bond wafer hav;ng a mcro bubble

| ayer for o] |on Iantatlon and a base wafer serving as a-
su%port sﬂgstré%e a%dggbs &n%, §étahtRating the bond wafer at the mcro

le | <bor f; filmaon_t waf er, wherein,
ggtjgret hgygtral :rsn 12at Itl?he ‘}(;gn%tﬁ/é?‘e?“a% B2 boMd Q&@\ﬁ?gr 1t o%‘aﬁfect ed to
fhoreof . Chem i é”t% . PEPASRR il 0B AN OO e o For s

thereof, then the bonde s su OXT forma

thermal oxided ipmondhe, syetace OEoIsh rfo*HJbﬁ?né %A%Ldﬁrﬁgséo%gg' l m and

then the thernmal oxide filmis rennved reduc S 0 E%e thin

film 1f whectel eahnated pf apemefvd heahbigrd idM abt®icts 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 delaminatioﬁ
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 formla
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, hydrogeh or a mixed gas thereof, then the
bonded wafer is subjééted to thermal oxidation to

form a thermal oxide'film on the surface of the thin



the delam nation step is subjected to a heat treatnent under an [
of an inert gas, hydrogen gas or a m xed gas thereof to perforﬁggkﬂggg?§8§6

flattening treatnment and renoval of damages, and then the oxidation and
the renoval of the oxide ,filmare perfornmed as described above,
‘uniformty of the filmthickness can be maintai ned, and generation of OSFs
due to the oxidation can also surely be avoided. In the aforenentioned

met hod, after. the hgg%z treatnment under an_atnosphere of an inert gas,
hydrogen §asTor 20 yashehetegtma i ne e atelef 1g meemhivied iten can be
polished faor, a stpck removal of .70 nmor |ess, and then the thernmal

oxi dat i on" EI- e ﬁﬁ%F&FHﬁ%% O%ft¥ﬁ% Eﬂkpaégjﬂg-slightly pol i shed (stock
renoval of 70 nm.or_.| es especial Ly 50 nmog |l ess) after the heat

t r eat ment underf]gntgﬁenné%ﬂ'iglmén(ﬁt%ﬁ piﬁ‘é“ret %gs:t%ﬁyd?%’énfdééﬂ ot L ke xed gas
t her eof ri.od co ents of.surfac oughness _can be inproved.
That is, gp’t%héiuéégg?ﬁgas 10?1.? gg(r% odl%oﬁlﬁgﬂgrﬁ%egofgos%r&é%%troughness are
fully rempyed Ryt e eatent r at mpsphere of an inert gas, 9
4 JANUARY 2006 H?%ro&éﬁﬁ%%sé%r%g'nlf%%gggkcfﬂe?%o%f”¥§ﬁdg%§riod conponent s
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treatnment is once
surface flattening treatment and removal of damages,
and then 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 héat
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 or 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 period 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,



perfornmed as described above, the surface roughness and danageiﬂghghgggzggﬁ
surface are inproved, and therefore the stock renoval for poli .
reduced conmpared with that conventionally used, and in particular, it may
be reduced to a half or less of the conventionally used stock renoval .
Thus, the long period conponents of surface roughness can surely be
renoved while the influence on uniformty of filmthickness is mnimzed.

Furt her, eat_treatnent_under an at phere of an inert gas, hydrogen
gas or a 157?8*% ds Phér 0t ai@lﬁireéfeg%‘ﬁl Gt med CUYHEP € E1200% ar gon

at nospherg,...0or g t here contai ni_ng. hydrogen in an anount bel ow
explogiong??ﬁ%%. §g%h9%?ﬁdgﬁggﬁﬁsréi aﬁgrgg\ ?gsgfﬁ{ %E?rif?ﬁﬁggf .

' hness,an ; | t ile . suppre _ (

Lgﬁging i%?eg¥§%g§ggagghegggfgﬁ%hgggﬁégé%?aFHWQﬁi|%ﬁ,OiQﬁl icon single

crystal waberd:spacher ahlycHsad s heabond . valeL, 1 g shlicon single

crystal wafer, which e es production’of "wafers

| ar ge di HedamSgdsed As:-# deshend waf gr. YSed ONs, gre inplanted into
it,gand ??ﬁis é%f?%inated?:a 18 4 JANUARYEZ%%gﬁgonged mé?er havi ng a

silicon stnglefyyst ahet Mtocki kanpfvdi 9RoquUd 1 YsARG A L 2L 08 di aneter can
be produced at a | ow cost.

reduced compared with that conventionally used, and

in particular, it may be reduced to a half.or less of

 the conventionally used stock removal. Thus, the

long period components of surface roughness can

surely be removed while the influence on uniformity

0f film thickness is minimized.

Further, the heat treatment under an atmosphere
of an inert gas, hydrogen gas or a mixed gas thereof
1s preferably performed under a 100% argon atmosphere
or an argeon atmosphere containing hydrogén in aﬁ

amount below explosion limit.

Such an atmosphere enables improvement of
surface roughness and damages of the surface while
éuppressing 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 quélity and
large diameter, is used as the bond wafer, gaseous

ions are implanted into it, and it is delaminated, a
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Nbreover, t he bonded wafer produced by the nethod of the pres ﬂgAﬁQgﬁg§58€k
can be a bonded wafer having a thin filmof high quality show

uniformty of filmthickness and being free from roughening of the surface
and surface danmages. For exanple, there can be provided a bonded SO wafer
produced by bonding two of silicon wafers via an oxide film wherein

surface roughness (RVB) neasured for a1l pnlsquare and 10 pm square of the

sa | 5 nn1or | ess, for the bo uares, and a of the
ohi cknos SHEERE Seef e SRS £ SN SPnl S5IThE st wodtiove,

acoor i n9ed ol b PRESqu 1YEDL L9 NS dRmas BXer, and syt ace

roughness remal ni ng~on e surfa

ion inpl el amnati.on hod can surely be renpved_mhlle
nalntanﬁﬁggFEgQﬁﬁl%grnl?fhgfcgs&rnlthickness of the thin film Therefore,

a bonded “ﬂfeﬁﬂ@ie@%&iﬁnﬁkﬁethﬂuﬂég g%ggdﬂkgquggngééemahlgh

productivity, and thus it is a net ucing a fer

extr enel ynsthbabl &F asha ;tﬁ@@@h@&uel:{@énk%gle SRl Bep &%B) V%L
Expl anati on of the Drawing 11 4 JANUARY 2006 Fi g. ow a fl ow

di agram diagiangexenphaty Mineess forgmprgduaiing, ag\hggl f}ﬂ?gy the ion
i npl ant ati on del am nati on net hod accordlng to the present rnvention.

uniformity of film thickness and being free from

inthe

roughening of the surface and surface damages.

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

squares, and ¢ of the thickness of the S0OI layer is
1.5 nm or less.

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

technique for large scale produdtion.

Brief Explanation of the Drawing

11



Best Mobde for Carrying out the Invention Hereafter, enbodinents fahp
present invention ymﬁ?l be explained with reference to the appeﬁgé' fﬁRYZOOG
drawi ngs. However, the present invention is not linted to these. Fig. 1
shows a flow di agram of an exenplary process for producing an SO wafer by
the ion inplantation del am nation method according to the present

i nvention. The present invention will be explained hereafter by

exenplifying a e efet of, siljcon ers are bonded. In the ion
i rrplngnt a%/i o% def%?ﬁ'n\g]i {)alll) rrgg’ho{il) sﬁ%}\?ﬁ’ ian\,\ga‘."T -1 3 Ho 2 P_rfor@%u[)f ace f
P . . or
T that serventa L BIERREL ok piSahatatborn Bhd Y E: B witen an S0
ot epar cd. “than ot afteit o DAL SRR L BOBP SR Lh R WL las BB 14 e Bond
pr epar ed. 1 A ! . . ! H
wafer 2 ipreRich€asfvent il ected to thernmal oxidation to forman oxide
film3 hagfng a thigkness of about 0.1 to 2.0 pmon its surface. 12 4

JANUARY 2006 In the step (c), gaseous ions such as hydrogen ions or rare
gas ions, hydrogen ions in this case, are inplanted into one surface of

the bond Reter Mods fwhi chatheiex deuti kmanas,fenwed fo forma mcro
bubbl e | ayer (enclosed |layer) 4 parallel to the

Hereafter, embodiments of the present invention
will be explained with reference to the appended

~drawings. However, the present.invention is not
limited to these.

Fig. 1 shows a flow diagram of an exemplary
preocess 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 prepared 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 SOI layer is obtained, which
correspond to specifications of devices, are prépared.

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 pm on its surface.

12



surface in mean penetrating depth of the ions. The step (d) is
superi nposing the base wafer 1 on the hydrogen ion inplanted s%g$§igu@§2006

t he hydrogen ion inplanted bond wafer 2 via an oxide filmand bonding
them Usually, by contacting the surfaces of two of the wafers to each
other in a clean atnosphere at an ordinary tenperature, the wafers are
adhered to each other w thout using an adhesive or the like. The

subsequent step-(e).is a delamnation heat . treatment step in which the
waf erg were del ]él(rln %&eedStﬁP ta(ﬁ:é eref 65O alRP 54 53D Br glé’rdli%g§épar ate

o e | ayBe 5 Ehabatialias 170 Ry, L RIRRBE TPiPnd ot the APE Subj ected

oxi de | ayer asé wa 5°¢%ubj ected to

a heat trgatment, ol 3 Lenetat ute of, APOUL 400G Lo §00C, under ap Inert gas

.at nosphere, the ers are Separated into t 5°8nd t he

egation of bubbl es
SO waf egn6 duec e B%g@t”ﬁfﬂﬁm&:a% fmn%fdaft@”@or%gg i

in the encl osed | ayer. e S ayer he “surface 6f the SO waf er

as it is pabtare theydel admal barg a eq | ayeL 1§ J1enBh Ny 13 4 JANUARY
2006 Furt her, f%ns ¥o bgﬁ%nplanted §%€ﬁ§gsq% rogene i on3 can be excited:

andirﬁﬂaﬁﬁ@ddd&aiﬁtmééﬂﬁpeﬁb@ﬁﬁti@?.@%ﬁﬂwgo§u%%%*§oﬁéﬁ be
prelimnarily subjected to a treatnment with nitrogen, oxygen, hydrogen
plasma or the |ITke saegs (@)besaddiyabpd AMdsuperimposing the
base wafer 1 on the hydrogen ion implanted surface of
~the hydrogen ion implanted bond wafer 2 via an okide
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 without using an
adhesive or the like.

The subsequent step (e) is a delamination heat
treatment step in which the wafers weré delaminated
at the enclosed layver 4 as a border to separate them
into a delaminated wafer 5 and an SOI wafer 6 (SOOI
layer 7 + buried oxide layer 3 + base wafer 1). For
example,'if the wafers are subjected to a heat
Lreatment at a temperature of about 400°C to 600°C
under an inert gas atmosphere, the wafers are
separated info the delaminated wafer 5 and the SOI
wafer 6 due to rearrangement of crystals and
aggrégation of bubbles in the enclosed layer. On the
SOI layer 7 at the surface of the SOT wafer as 1t is

after the delamination, a damaged layer 8 remains.

13



bonded , as the result the delam nation heat treatnent can be '
After this delamnation step, the bonding heat treatnent is pe??%&ﬁggIYﬁOOG
the step (f) In this step, the SO wafer 6 is subjected to a heat

treatment at a high tenperature as a bonding heat treatnent to obtain
sufficient bonding strength, since the bonding strength of the wafers
brought into close contact in the afoLenention?g)bongl?g step.?nq t he '
del ami nation hgat .treatnment step jn the steps an e) as it is wou

be weak for uségpﬁqqﬁFde%P&§Fﬁ%d@@tﬁﬂpl%ﬁ gds§Uchhi ashéxtdgeeainent is

. d h foi t t
7060 to 1905C 766 56 At BEL Gr h%ﬁpi%n%;‘ecﬂfﬁs%h?ﬁ@ﬁss'o{‘fﬁLls ar, the
) . . . . . h h I \ t.l .
Tl ant ot Pan A1 e ha T O AREnORE T TNBGer L1 i T B Fo HOUSOF ‘tHo. pr cvent
| nvent i ongy,phfil o DANAING, NEAL ALLRALIENY (HRY, e, B0LLL edy and L he - heat

=%
treatnent in | owi ng step undeér an nospHer ¢ ot AR rer t gas,

hydr ogen i as.-t her . can .he ed_also . onhdi ng heat
14 4 JANUA @I%%%n%%%%%téfrgﬁgﬁ%ﬁ%i gs_tg, 1"’,H°sfg?. b%u%?tﬁ‘ﬂgt%td;pasn%an be

further sheplddded a@mpared-wiih « hengonvantd onal st hod, of removing the
roughening of the surface or surface damages. Then, in the step (g), the
SA waf er takieiméN€ can be omitted.
After this delamination step, the bonding heat
')tfeatment is performed in the step (f). In this step,
- the S0I 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



bondi ng heat treatnent step (f) (or after the delam nation ste i} 3006
t he bogding heat treatnment 1is omtted) is subjected to a heat ?ﬂ%@fﬁﬁgf

under an inert gas, hydrogen gas or a mixed gas thereof using a usual
heat treatnment furnace in which heating is attained by a heater (batch
furnace) to inprove surface roughness and renopve damages on the SO
surface. The heat treatnent tenperature is suitably 1100C to 1350C. When

it iod of ,ti ' jred to inprove the
surf ace T BHSRAGEILT O\ FAE ot o FRad.. a%éh{,Z‘?ader%?qﬁbéile%ﬁ%@éT%@gc ey
i . 1 nat i i.t.h_he netal inpurities or
dur abi | i %82%‘3?@%%2%%3%&fn%%%ia%‘@?ﬁ%%%«%dﬁmmrfﬁ%alq%uaﬂtgwgeﬁe?ts
i | S r. enperature,
SU Tably TEERS Pangesr TR e Fe 6 S o ThUCheAts FPER it for a

eri od shontenddhanahhalegmay provide insufficient inprovenent of the
gurface p%ﬁghness, aan the heat treatnent for a period | onger than that

decreases the priggHctiiy tyneVeryd hegaf orenenshened £ heat ~treatnent is
performed by using aanTA (%ﬁpidFESQ%?jANUARY 2006 %%ernaF-Ennea i ng)

appar at uspohlie mpate b teatriitme heMRerab U e )i (¥ ef erabl % J200C or hi gher,
agg the heat gﬁﬁatnent time is preferably 1 to 120 seconds. Moreover,

these healelammdtmentonsisngm bay ckvHdit nape paty hegt nir-pat peAL thsiNg an RTA

apparatus can al so be
is omitted) is subjected to a heat treatment under an
‘inert gas, hydrogen gas or a mixed gas therecf using
a usual heat treatment furnace in which heating is
attained by a heater (batch furnace) to improve
surface roughness and remove damages on the SOI
surface. The heat treatment temperature is suitably
1i00°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 othef hand, a temperature
exceeding 1350°C may cause a problem concerning
contamination with heavy metal impurities oxr
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 fér a period longer than that
decreases the productivity. When the aforementioned

heat treatment is performed by using an RTA (Rapid

15



erformed in conbination. The heat treatnent atnosphere may con
Pnert gas, hydrogen gas or a mxed gas thereof. However, if thih§§}?g¥?9896
hydrogen gas is high, the aforenentioned corrosion of the bonding
interface beconmes likely to be generated, and slip dislocations becone
likely to be generated by the heat treatment. Therefore, the hydrogen gas
content is preferably 25% or |ess. The hydrogen gas content is nore

losion limt (4% in view of safety.

g\lr J{eLgLSEI%YFSSI ogrAéaﬁg&H}}e%ex ?qur%}ﬂém&t\b@ alﬁ%atsﬁd‘\@aﬁin@ﬁtver satility,
doscr | bec-SBETE T T hE Pné Sitshe SaRh: féﬂbni 'éﬁgﬁbm Sai BRAETA | m s not
the’ dammgon or e S A LT R L B T L) gﬁenlifzocf TERGOERE heat
reat mentuof bRt ePnegl. WAheUt: - aeng éﬁtt' Q‘%ﬁn%g eyt ?ﬁ%@g%%n and

wi t hout degrading the thickness un nlty

surface canaohee subhitgiant | ysrenpved g éPSt t eatent, of 16 4
JANUARY 2006 tﬁ% stepg%g) in naﬁy%ggses négys %Qfgé# uf?a&% are

taken intweaffodxidte fhl MdnbiAgtlikgy mal  oxidati On_ in the step (h), and

t hi ckness of the thermal oxide filmto be formed is controlled at the

sane tine so tl@tet hecknesse aftnidier obtaLRYL S haYelconsist of an
inert gas, hydrogen gas or a mixed gas thereof.
JHdwever, if the content of hydrogen gas is high, the
aforementioned corrosion of the bonding interface
becomes like}y to be generated, and sl;p disleocations
become likely to be generated by the heat treatment.
Therefore, the hydrogen gas content is preferably 25%
or less. The hydrogen gas content is more preferably,
lower than the explosion 1imit (4%) in view of safety.
Although argon gas, which is most inexpensive and
shows high versatility, is suitable as the inert 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 plane, 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
dégrading the thickness uniformity.

Then, since damages on the S0OI surface cannot

be sufficiently removed only by the heat treatment of

16



shoul d becone a desired thickness If the thickness of the SO | i
reduced by the thermal oxidation, a thinner filmcan be obtai n%g‘XﬁrUAﬁYm%
substantially without ,degrading thickness uniformty. Further, if the
thermal oxide filmis renoved by using, for exanple, an aqueous solution
containing HF in the step (i), an SO wafer having an SO |ayer of the.
desired thickness is fornmed. Thus, an SO wafer having an SO |ayer with a
desired thj ckness can be obtained, in which the roughening of the surface

and danagb8Sofs tHe $EPf dde MARE SHIRY - r EABAIR WhPPe Tt ckAdss unifornity
bof or e 1 e el SbT GATh SEER (1), OB L0l § SHinGYs G USPRET bl otk
Fequi red CErORAREY £ e °SERE B haarng it s RatEshioG SPép. | ong
oat troarmeniier PraT BhlporS BT REREG Ay PeRduen 1R ar rerthsi nte the
SLock T ETUAL W haTkLedi o TB.aMAl. Leo8s SaRecL Bl i il oAy, 2006 50
(oo, 100t BEEhe HSLLLOR0 DELERANGED (o Ok SAELEps8 /21
thi cknessognicher oy ahihe S0 rLayfe§2ByP8 he thermal oxidation,
a 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
cf the desired thickness is formed.

Thus, an S0OI wafer having an SOI 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 regquired
(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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kedly suppressed. Hereafter, explanations will be specifical
arihe?e¥eregge to exanples of the present invention and conpar%¥ﬁg@HH§Y2006
exanpl es. However, the present inventionis not linmted to these.

(Exanples 1 to 4 and Conparative Exanples 1 to 3) A silicon single crystal
ingot produced by the Czochral ski method and having a crystal orientation
of <100>, conductivity type of p-type and a resistivity of 20 Qcm was

i i r surface: silicon wafers having a
i ;ﬁg?e?ngpp%g%e(?sr%\eqﬁ?g%'epénggrsgi%%%igeirnt%‘%nﬁhev\a?@‘§raﬁ§¢“k¥ii‘$@lwaf ers,
. . . o
of the peetsnriT BN oh Sees e vb LAY SHbpsLr Bpesont €aG I HEF g 1
t i Fipr st i te Fig..1 ). to ( bon waf.er 2 was
el arm nat 537 ?%b%s?‘%%?nd’s%%%fe% g%?‘:?& Tenig %j%nréi,aﬁlg.n RS or Thcbur ec
i d l i 45 . .
for ?onayﬁgpiﬁ%gfigﬁgggﬁgm%ga ol oﬁg% %%H%R&%kUA%gHE§OG‘§3g¥B a1d Iéptgt%og
condi tionsf hthi@RAesisTRIADEBLIANy €HET G¥e ﬁberaye@' niajion dose: 6.

1016/ cnR 2) Del am nation heat tredtnent conditions:” under "NZ~ gas

j ' [ | ayer 7
at nospher@ariQQ v 38 upprd esedhus, the SO wafer 6 having an SO
with g t hi ckness of 4%% nm coul d be obtai ned. Wen

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 Comparative 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 Sliéed 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 inventidn according to the steps represented
in Fig. 1, (a) to (i). |

First, according to Fig. 1 (a) to (e), a bond
wafer 2 was delaminated to obtain an SOT 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.
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surface roughness of the surface (delam nated surface) of the i? fﬁk 8
as del am nated shown in Fig. 1 (e) was neasured for a 1 pmsqu é@%@a g006
atom c force mcroscope nethod, it was found to be 6.7 nmin average in

terms of the RMS val ue (root- nean-square roughness value) This value is 10
times or nore of a value for surface roughness of usual mrror-polished
silicon single crystal wafers, and it can be seen that the surface of the

SO | ayer,as . del am nated has_signifjcant |ocal roughening of the surface
(short pe%'o&QRN&%REﬁﬂﬁaRb?@@ﬁéqé%ﬁéoﬁﬁs Val UeeRBr A0 PRt sduarre, which

serves as i ndexq@af ;. l.png. period conponents, s also large, i.e., as

| arge as %ﬁ%rlr%&gl n° gvé{reég'e. “EBELF? tagpefiqsrﬁrb\é\%aﬁew ]aQJ?Ge/ICHche
del am nat Hon ; : nd ocessed according to the processing
lows shoun T rant 5215 185 Rl ettt iRug  CehrexAbes

uni formt ( i st a iation: a) and defect density of the
SO Iayer%gf gﬁ%ﬁggngﬁﬁéd ﬁgﬁdgg qﬁgf@;h%gﬁgsneasured. Tr eat nent

3 Tabl o1 Exanp & {Bearel S 30unparat fve s i S EXRABRE TExanpl e 2 No
bondi ngBondithg sheeh Ne kbt ngBordingReadbuld be obtained. When
surface roughness of the surface (delaminated
surface) of the SOI wafer 6 as delaminated shown in
’Fig. 1 (e} was measured for a 1 pm square by the
atomic force microscope method, it was found to be
6.7 nm in average in terms of the RMS wvalue {root-
mean—-square roughness value). This value is 10 times
or more of a value for surface roughness of usual
mirror-polished silicoﬁ single crystal wafers, and it
can be seen that the surface of the SOTI layer as
delaminated has significant local roughening of the
surface (shorﬁ period components). Moreover, the RMS
value for a 10 pm sqguare, which serves as an index of
long period components, was also large, i.e., as
large as 5.5 nm in average.

FEach S0I 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: 0} and defect
density of the S0I layer of each obtained bonded

wafer were measured. Treatment conditions and
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heat treat nent heattreatment treatnentltreatnentl 1Ar anneal i ngl Sacrifticlal

Ar anneal i nglAr anneal i ngoxi dati on Processi nglPoli shingl flowSa ﬁ%ﬁ?@ﬁ%??B?ﬁ
40 nmRenoval of oxidationloxide filmlSacrificiall Renoval of oxidationAr
anneal ing oxide filml. Renoval of oxide film Table 2 Exanpl e 3Exanpl e
4Conpar ati ve Exanpl e 3 Bondi ng heat Bondi ng heat Bondi ng heat
treatnenttreatnenttreatnent 111 Ar anneal i ngAr anneal i ngPol i shing for 11100
nanrocessingPolishing forPolishing for flows5 nnv0 nm 11 '

Sacri fi ciBFSFOHFRLT &l CORHat L BRGX HEE | SROYR RekoVablsf Renoval of oxi de
filnoxide film 20
Table 1
Example 1 Example 2 Comparative Compazrative
) Example 1 Example 2
No bonding Bonding heat |No bonding Bonding heat
heat treatment heat treatment
treatment l treatment l
H Ar annealing ) Sacrificial
Ar annealing l Ar annealing |oxidation
'Processing l o Polishing . i | |
£1ow Sacrificial for 40 nm Removal of
oxidation 1 oxide film
l : Sacrificial d
Removal of oxidation Ar annealing
oxide film }
Removal of
oxide film
Table 2
Example 3 Example 4 Comparative
_ Example 3
Bonding heat Bonding heat Bonding heat
treatment treatment treatment
1 , { !
Ar annealing 1Ar annealing Polishing for
I ! 100 nm
Processing Polishing for Polishing for
f1low 55 am 70 nm
! l
Sacrificial Sacrificial
oxidation oxidation
l i
Removal of Removal of
oxide film oxide film
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4 JANUARY 2006 Table 3 Treatnent conditions and neasurenent CO”?JK%IX{JASRYZOOG
(Bondi ng heat treatnent) 1100C, 120 m nutes (100% N2 at nbosphere

anneal i ng) 1200C, 60 m nutes (100% Ar atnosphere) (Sacrificial oxidation)
950C pyrogeni c oxidation, oxide film thickness: 590 nm (Exanple 1), 500 nm
(Exanmple 2), 465 nm (Exanple 3), 435 nm (Exanple 4), 590 nm (Conparative
Exanpl e 2) (Renoval of oxide film Etching with 5% hydrofluoric acid
(Surface roughness neasurenent) AFM produced by Veeco, RMB neasurenent for

1 Tim square and 10 um square (Thi ckness distribution measurenent) Acul\/ap
2 produc y A measured for 1765 points in a plane (Defect

nmeasur ene ?g 5 %Eted Secco etching until SO [|ayer thickness becones 30 nm

CLohi 10\ Ebaidf | 06Fs @E0 T o dTIRSRWRCINGLTL DRFT E7bo T oS ore

a3 A EL mod— 10T the—o0 ayef be
sigﬁg{;g éﬁg' Qﬁéa%? EE |n f||518C1 as in the present i nvantion,
if the Secco et PI S’O|]Uf WlW%%réIQ df < BRP EPEGR) hydr of | uorfic

aci d and watefp R ¢RY)
1200°C, 60 minutes (100% Ar atmosphere)

(Sacrificial oxidation)
950°C, pyrogenic oxidation, oxide film
thickness: 590 nm (Example 1), 500 nm (Example
2), 465 nm (Example 3), 435 nm (Example 4), 590
nm (Comparative Example 2)
(Removal of oxide film)
| Etching with 5% hydrofluoric ac1d
{(Surface roughness measurement)
- AFM produced by Veecc, RMS measurement for 1 pm
square and 10 pm sguare .
(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 SOI 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 siliéon
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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is used for the preferential etching of usual silicon wafers, | t
etching rate becones unduly high, and the SO |ayer is reaned4§§HﬁﬁgRY2B86
etching for a short period of time. Therefore, it is not suitable for

eval uati on of defects. 21 4 JANUARY 2006 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 SO |ayer becones

a predet erm ned.f hi ckness. this. etchi.ng, defect rtions in the SO
‘| ayer becone rr?f&'?gepi?%e pe%éter &t rngLPRe 35%9?5%@ nB¥ 48339 difficult

L ough § R e P o by 17 el TP n A G| RSt B0 P S 80t
i | i h ' def ect ti b il
cbeerved Tromd neSrPace of S “Cha Th ROFFl Mract 1| B6r By GEPAS 5 obti cul

i cr oscopendl mdhesgexanpl esmaid £orpanalie, exanpls, g, comengial |y

avai |l abl e usual Seccd etching sol uti‘on éf and t he

dijuted Semse otehing Wasterh paled; yhensthe-Lbi gliess, oL e o fEemai ning
e In

SO layer becane about” 30 nm Then, the wafer was inmmers m%ight %
hydr of | uoniieraciyh + 5o 5£50R6%; BNd §©erQLta3|§j§£‘$' L¥iyRs npasyged by

observing the pits fornmed in the buried oxide 1ayer by using a optical
rﬁC{gzczpéi@E£HMﬂﬁangHbEé£O&StHBEbnﬁi&%ﬁ”ﬁ%ﬁsr%%“E§e?r%f¥¥mm in
Tab - the buried oxide layer is etched through the micro
' bPits 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 SCI layer by using a optical microscope.
In these examples and comparative examples, a
commercially available usual Secco etching solution
was dilute&'twice and used, and the diluted Secco
etching was terminated when the thickness of the
remaining SOI 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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and 5. 22 4 JANUARY 2006 Table 4 Thi ckness RMS (nn)dlstrlbutlongﬁ ARY 2006
(nmdensity 1 pmiO pm (nunber/cnR) Average t6 squares uare Exa

10. 080.29171.50.21 x 102 Exanpl e 20.060.16172.41. 01 x 102 Conparative
Exanpl e 10.100.28437. 00. 25 x 105 Conparative Exanple 20.110.30171.50.22 x
104 Table 5 Thickness RVM5 (nm)distributionDefect (nmdensity 1 pmO
pm(nunber/cnR) Average t6 squares uare Exanple 30.080.15172.51.41 x 102
Exanpl e 40.090. 14171.51. 51 x 102 Conparative Exanple 30.100.13437.02.05 x
105 Fromthe results shown in Tables 4 and 5, it

Table 4
‘ Thickness
RMS (nm) distribution Defect
(nm) density.
2
L pm | 10 pm Average t - (number/cm?)
sguare | sgquare
Example 1 0.08 0.29 171.5 0.2 1 x 10°
Example 2 0.06 0.16 172 .4 1.0 1 x 102
comparative | , ;45 | ; og 437.0 0.2 5 x 10°
Example 1
Comparative | , ,, | 4 39 171.5 0.2 2 x 10°
Example 2
Table 5
Thickness
RMS (nm) distribution Defect
(num) density
2
I pm | 10 pm Average t o (number/cm?®)
sguare square
Example 3 0.08 0.15 172.5 1.4 1 x 107
Example 4 0.09 0.14 171.5 1.5 1 x 10° -
Comparative | , 1, | 4 13 437 .0 2.0 5 x 10°
Example 3

From the resuité.shown in Tables 4 and 5, it
can be seen thaf,‘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 ét
all, and therefore extremely superior thickness
uniformity was obtained. Long period components of

the surface roughness was improved by 10 times or
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can be seen that, for sufficiently renmoving roughening of the ﬁéﬂiﬁR 06
damages on the surface resulting fromion inplantation and for%ﬂ' 'g%ﬂ

[ t invention
I ayer having few defects, the production nethod of the presen
usgd for Exanples 1 to 4 is suitable. Mreover, in Exanple 1, renoval of a
del am nated surface by polishing is not performed at all, and therefore
extrenely superior thickness wuniformty was obtained. Long period

f ness was inproved by 10 tipes or 23 4
gzngs(n;@ng mé%ﬁgg%éf%glé\nﬂ?% %%%elpm%gi ﬁy &fit'e? Tt hoe dteloazn \r/]\ztelrgn
t hor a
ot houah HRkL S kgL Yy LALEhET BRI ECh 4 U s mn%gﬁﬁ%s ere,

bserved due
al t hough degr 9094 he Lhigkngss,  u |f0r was o
to theglngﬁggﬁggggf%gggpﬁi ?ﬂﬁ, a was gtl|| mal it 2 g Waﬁh | evel of

1.0 to 1. perPodmietineorey Snt I8e] ¥shi ghM%‘f%&i\Pé(r V\@% %Egrﬁa egn§ peri od

surface roughness for both of the short period conponents a

conponent §o tabtabherh hantd;i till £afe %dﬁ%ﬁh Rabr ifnd hey ;A anngal i ng
algﬁe was usgg'as in Conparative Exanp? % %efect denS|ty%gecones

mer kedl y hhgtfo mmitt gunfaac eo e ragesd C@ﬁ@mtobecﬁ:@rfph%tl%’nééne\fed Fur t her,
it can be seen that, as in Conparative Exanple 2, although the effect of
def ect redodtisiningas cobtakned: byl pﬁéfﬁrﬁameah%tsaaprﬂli!gﬁ' gle-pxq dgli on
1.0 to 1.5 nm. Furthermore, extremely high quality
 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
1, the defect 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 sﬁep. Moreover,
if the polishing alone was used as in Comparative
Example 3, the defecf density became'markedly high,
and in addition, the thickness uniformity was bad
because the polishing was performed for no less than
100 nm.
Thus, it can be seen thak, according to the

present invention, there can be produced, for example,
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before the Ar annealing, the defect density became hi gher conpar i
Exanples 1 to 4 due to the generation of OSFs in the oxidati onggggqymﬁ{]moﬁ
Moreover, if the polishing alone was used as in Conparative Exanple 3,

t he defect density became markedly high, and in addition, the thickness
uniformty was bad because the polishing was perfornmed for no | ess than
100 nm Thus, it can be seen that, according to the present invention,

t here canabgcg&ﬁggcség)nﬂi exanpl e 4 4 JANUARY 2006 a bonded SO wherein

surface roughness ( AEGrdd St 2501 ISHSYUESE aRMED pwasyuaed of the
SA | ayer urf ace,.|.S m_or, l.ess _for. the bot uares, a of the

thi ckness: 9 tahzfsﬁn Isg:{/errslgsa%dl% i B S&deTe Qover derER¥ density
is less t er/.cnP, Furthernore, although 100% Ar at nosphere was
used as t%ggéftja?rcgo%p gre 'flof Itnﬁeoﬁealte??egf’ﬁegﬁh?oggtihnpgr%‘\‘/?ﬁﬁstrhegsurface

roughnessokn the af orsarit d oped caxampies . ahen; Lhe experigente vere

performed by using an argon at nbsphere coritai ning 3 oﬁyﬁr

of the abaMé algmsphere.ddesukt gersiibstantd aldy sipilar,; 40 those nentioned
above were obtained. Further, inethe %eat tre%%nl%ﬁlﬁltanunl er 100% Ar

at nosphereuinbelxammpt es 1 to 4 and the heat treatnent utilizing the argon
at nosphere containing 3% hydrogen gas instead of that, such corrosion of

Furthermore, although 100% Ar atmosphere was
used as the atmosphere for the heat treatment for
‘iﬁproving the surface roughness in the aforementioned
~eéxamples, when the experiments were performed by
using an argon atmosphere containing 3% hydrogen gas
instead of the above atmosphere, resul£s
substantially similar to those mentioned above Weré
obtairned. 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

hydregen 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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the bonding interface as seen in a heat treatnent under an at %my 6
containing a | arge anount of hydrogen such as 100% hydr ogen at w2

not observed. The present invention is not linmted to the enbodinents
descri bed above. The above-described enbodinents are nere exanples, and
those having the substantially sanme configuration as that described in
t he appended clains and providing the simlar 25 4 JANUARY 2006 functions

and advan : i ncl i scope of h resent. i nvention. For
exanpl e, fmﬁlg%zclta%gsp?%sﬁejg&fe%%@g%%%o ﬁlg? l&‘bﬁ‘é&ﬁ@d EhoveenEicBe f8F the

cases of pgadigyg-4up of x?éﬂli:%%?l wafers to produce SO wafers, the present
i nvention is not Iiniteélto those, and of course it can also be applied to

a case where anphenwiyEpanted 1sijdc I s.baonded to _an insul ator
waf er and del am nat ed t% pf oduce %negam%fv\lg%se\rgﬁta%&qée% sEWETR  a

conpound sepileandsat abowad aha sHR %ﬁaé%_e"‘@aeéeésoffgr%?@négagi ‘r’%fy?e[]et o be

inplanted with ions. Further, thé production steps pr o

bonded wab€r sadciordhngatfetHetpr eseubaventld op; aLe s Naty Li pi t hose
mentioned in Fig. 1. Oher steps such as cl ean?ng asrid e%tgltriegsg%érgnt may

be addedinwrdttienstepnicr el usedad thosehtald e anpdidfd catipad nel udi ng
alteration of the order of the steps, om ssion of sone steps and so forth
dependi ngcan also be applied to a case where an ion—implanted
silicon wafer is bonded to an insulator wafer and
‘delaminated to produce an SOI wafer, and a case where
a compound semiconductor wafer such as GaAs wafer is
used as a wafer toc be implanted with ions.
Further, the production steps for.producing the
bonded wafer-according Tto 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 suitabile
modification including alteration of thé crder of the
steps, omission of some steps and so forth depending

on the purpose.
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on the purpose. 26 4 JANUARY 2006 CLAIMS 1. A nethod for prOdUCIHRp@g§¥Q§386
wafer by the ion inplantation del am nation nmethod conprising at

step of bonding a bond wafer having a mcro bubble layer formed by gaseous
ion inplantation and a base wafer, serving as a support substrate and a
step of delam nating the bond wafer at the micro bubble Iayer as a border
to forma thin filmon the base wafer, wherein, after delam nating the
bond wafer, the bonded wafer is SUbHEﬁ%fﬁ to a heat treatnment in an

at rosphere of an inert gas, hydrogen nyxed gas thereof, then the
bonded wafer is subjected to thermal oxidation to forma thermal oxide
filmon the surface of the thin filn1 and then the thermal oxide filmis

renoved tg reduge fhickgess grégﬁ v%neg:"gl angﬁql‘?ggggt od for produci ng

a bonded waf er according to § iy gh nlxed s thefgg?tnfﬂg in
an at nosphefe ahp @RS o028 g%
surf ace gf t he t%lnnﬁﬁﬁ%1?s pejiﬂ% é ?Or a Stock RF LA 2hm or | ess,

and then tbhedtesmak '@ﬁtb@%dfhgp§rE@HHK%a§eme Yehgod for producing a
bonded wafer 27 4 JANUARY 2006

bubble layer formed by gaseous ion implantation and a
'base %afer_serving as a support substrate and a step
of delaminatihg the bond wafer at the micro bubble

. layer as a border to form a thin film on the base
wafer, wherein, after delaminating 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 film, and then

the thermal oxide film is 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 in an atmosphefe 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

27 ©°



. . . V . f
according to aim1l or 2, wherein the heat treatment in an at4 r 3006
an inertggas, hydr ogen gas or a m xed gas thereof is perforned rﬁzgﬁﬁﬁﬁk%

i ni drogen in an anount
argon atnosphere or an argon atnosphere containing hy
bePOM/eprosion limt. 4. The method for producing a bonded wafer
according to any one of Clainms 1 to 3, wherein a silicon single crystal
wafer is used as the bond wafer. 5. A bonded wafer produced by the nethod

i . eth
bondi ng oS Tetn Sar 6 aNTE Bt ofirad 1o T R Pwhoie| RO Al Meeh CRoBghnoss

bonding two s waf ers vid a 10 pm, square .of an SO |ayer surface
measyr.ed f : re.an ; '
5?%?15 nn#g'legé %ﬁh&%%?%fénﬁﬁng o agqyﬁxﬂﬁ@§§Qﬁg@ﬁe0rSO
layer is & SniniRQr gla@SsendBels js performed in a 100% argon
atmosphere or an argon atmosphere containing hydrogen

in an amount below explosion limit.

4. The method for producing a bonded wafer
according to any one 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 SOI wafer produced by bonding two
silicon wafers wvia an oxide film, wherein surface
roughness (RMS) measured for a 1 pm. square and 10 pm
square of an SOI layer surface is 0.15 nm or less

for ‘both squares; and ¢ of a thickness of the

SOI layer is 1.5 nm or less.
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