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Field The present invention relates to a nethod for producing a ond&

wafer utilizing the ion inplantation delam nation nethod, in particular, a
,method for producing an SO wafer by bonding a silicon mafer i npl ant'ed

wi th hydrogen ions or the 1like to another wafer serving as a support
substrate and then del am nating the wafer. Background Art Recently, as a
met hod for produci ng an SO mag %KI#?ECE%& conpr|5|ng bondi ng a waf er

i npl anted with hydrogen ions or € an hen del am nating the wafer
-to produce an SO wafer (a technique called ion |nplantation del ami nati on
nmet hod: Smart Cut - Method (registered tradenark)) is newy comng to '

‘attract much attentigp+pHy Seget duciﬁ @Qaqwagég produci ng an SO
‘wafer, wherein an oxide filmis formed o east one of two silicon

mafers 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 - (Bachesethl ayee)dn 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) vikhé¢hprexdetfihfMention 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 treatnment) to delam nate one of the wafers (bond wafer) aghgsﬁkﬁﬁY2006
filmat the mcro bubble |ayer as a cl eavage 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

del am i i d m f , d - SO f
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surface ofp SOL A 33 ahkelyg flet amaald op.gye i dheol on diptantation, and

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

silicon V\@fgéir@n@swat:-,uarnpﬂy&%iohe\@éat_Th_%eaft%ﬁpéti)t E%C&gfamﬁgﬁagégga y to

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 hHeatdetdr eddfirent 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?JgEQDQ@#EﬂBG
| 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 hegﬁxhﬁgggﬁgﬂ66
is performed at a high tenperature for a long period of time f as the
case may, be. Since the strength and depth of the danages are influenced by

" the anobunt of inplantation energy and dose of gaseous ions such as
hydr ogen ions, for exanple, when the inplantation energy needs to be

i ncreased., i se.of produci ng an SO _wafer having a thick SO
| ayer or %B?hi:%é} ]Sri%gdec&ef dgur%%feﬁ",Sbgemheﬁog‘fﬁeveaﬁsewﬁ@é&iﬁtlﬂtﬁtbe .
i ncrease u se rformng_the el am nat.i on_hea reat ment:
at a Iomﬂ?éﬁ%g%gfu?g,%?%%:% %?gﬁﬁhfggﬁgdaﬁFb&ﬁ%ﬁgebeébﬁﬁ§aFenarkable.

Fur t her nog ¢ zivfnd walf ey ﬂ§%§ut§%%§ga£95% feat t&%%ltggngéltﬁﬁgtﬁircg%gh

tenperature for a [ong peri t1 me under "a reduci

compr i si neinbydrooenqaasec! |haon 4t 1h88dod avep sudace mRhe.,

etcl-ied, thus thickness uniformty my egra and e

formed i maybwdedexbea dayes. evEH SiPhan@Jéec{‘@“iEi:%a by the reason
descri bed gel ow. That is, defects such as COPs (Crysta O'igi nat ed

Parti cl espeexiostméd hhe sSUidRYeknmndathret heyr age 16onnested fp Jhe oxide
filmas the under 4 4 JANUARY 2006 | ayer, COPs do not di sappear and renain
as they atgeme,orad hejleatmnseveayemar ged. Therefore, hydrogen 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

i j i i i ni t he thick niformty of SO
oyer e Relr s e s ek Pl o Bt e g S haRs #5 SUbEHbIAE &l ot i on
nethoa hQ§ b%'%&ﬂe i eg xpgég re S scri hed in Japanese Patent
Laid-open'fKoEal) %%%Ilggilon k%?gfﬁgo-l %5?,CF?%'.gﬁﬁFFégﬁ%sOB;eﬁhgf g

t o is S t r.odugi n wa
a1ty byt e hoERe Hrna s e B o PSR RTE of Lehe surt ace

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 50 phect 6k kay Saugemethod, o6 T 08, A0 O, Libmy @ heat

treatment under an oxidi zi ng at nosphere on t SOT "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 1f, aheosorcathedssacridyekahedqdiabiond schoepfiegmed, in which an
oxide filmis formed 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.



SQ layer by a heat treatnent under an oxidizing atnosphere, ap Go6
oi%de ¥i|n1¥3 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 damaged
| ayer can efficiently be renpved by renoving the oxide film Further, a
heat treatnent can be subsequently performed under a reducing atnosphere
to recover the danaged |ayer remaining in the SO |ayer and inprove the

surface roughness, d the heat freatnent. ti of the heat  treatnent under
a reducing at rmé%hg‘ﬁg cszéﬁ S?ggreﬁjleui%ggrl%tﬁﬁebazzﬁﬁr r%iiggphl@{hgr whol e
a0 AP L L LA R R B el ot g

the li i ing-,a ni.cal ssing factor, uniformty o e
?irl m et h: %‘Eﬁlesmsé%t)éf&t%g 510@@?%?6;&%851%%8&31&1 &d, a?n&”?h%%uiﬂg i's

consi der egltihbato - SO waf efn ef, eHd e@%%éemfghmrﬂqygl irte\fné:a%gbe produced by

the ion inplantation delam nation ne i gher prod fl?lty. As

descri bedpabevesf the BN qugmdeses | Pedakn ol apaness {. Publication
( Kokai ) Epai d- open No. 2000- 1212032 has ﬁe é)dvant age tIhgﬁfﬁe damaged | ayer

and the rsugfienieigcah ble isutdase a0 Nk Ag O R desxSEE | ayen surface after
the del am nation can be 6 4 JANUARY 2006 renoved-in the ion !ﬁplantatlon
del ani natthermfdod thei leamegetiainingt bant kickngssynif orgity of the SO
removed by removing the oxide film. Further, a heat
4tfeatment 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 g@ﬂ@ﬁ%
adéitional experiments for this technique, it was found that t fid ‘¥&386
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

I OSF be , era by t he_oxi dation, and these OSFs
iéscﬁg?gbégﬂmkﬁ% e%gf§j“?ghﬁge& % ﬁ%iﬁ %%@ﬁﬂé??th%ﬁt?fﬁﬁégigsgg oy
e Sur.fa ness sufficien r
?Rger hga{‘gg#eag%?%ne%lﬁ fh{ﬁg aﬁ?cm%ﬁ PRl R EY c%ﬁsf%‘tes DALy of

short perlgg,egonpq{@%@e%é qﬂhenpetlhl od. O‘f]%%]g Slo?%e%%) Iﬁarngﬁég%gval of

| ong peri od” conponents , perlod surface

roughness; @ rPeLOAe plRsty dﬂggﬂe%tdd@lbh tlhee%Big Eg: rafugfgé:@lejg%munt of

treatnent is perforned un an atnosphere

hydr ogen gasrasi dhe, reduciag abmRRphersy che @é@ﬁg gglegaﬁ actg,on the

bonding interface, and thus corrosion of the inter
si gni fi cafiblant 1hys dira WBYcE8USS PaFl 5l ergenet ahhaln, %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,
oxidaticn induced stacking faults (0OSFs) 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

b | aver srabaiderche (o ‘*B&lwe?*af%'mc‘éﬁﬁltﬁﬁﬁ?ér“’ari%%@%?i?;@ to

after the delanlnat the ond wa

et rggl st Ly y e B praR e Al SeRastie o Torm

thereof, then the bonde s su OXT form

a ther nal i gxitde §ib9ieR taheméﬁhfo%f?ef@% Pg%&ﬁﬁfné ;Bg}:l#ﬁe’gg O%fkf%f' I'm -and

then the thermal oxide filmis renoved reduc e"thin

film If whectel eahnated pf apemefvd NeakbiyRd id M 8E&cts 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 [ 6
of an inert gas, hydrogen gas or a m xed gas thereof to perforﬁggkﬂggg?ggg

flattening treatnment and renoval of damages, and then the oxidation and
the renoval of the oxide filmare performed as described above, uniformty
of the filmthickness can be maintained, and generation of OSFs due to
the oxidation can also surely be avoided. In the afprenentlonedhngthod,
after. the.heat treatment under an atnosphere of an inert gas, ydrogen
gas or a 'Q@H q%@gtﬁ@%@bf?h?héh§UﬂF%%e06Fik%hﬁlﬂWiﬁi¥|¥ﬂm@aﬁxb§t@pllshed
for a stock renoval .of 70 nm_or | ess, ,and then the thermal oxidation can
be perforﬁsgpcﬁf%%HEKQEW%CBfi§Qﬁi5hﬁpyﬁ&ﬂmshed (st ock rennvgl of 70 nm
or |l ess, especially.50 or .l ess after the h at treatment under an
at nospher e gf a%f ¥%E§t£§%§Fuﬁyﬁﬁ%ﬁeﬁﬁﬁégao?fat_exéﬂ1b%sf$ﬁété§fFeFP$h IoEg
eriod co n : face hness. _can he .inpproved. at is, althoug
ltohe shortggt%ri odf%lg%}%%g%ln S Srgf%%gtfﬁ aﬁggﬂafgﬁ%%sggarae %‘FFy renoved by the

neat {1 eakatn 4 AL A SRSENSIE T (PML 03 9 4 JANUARY 2006

hydrogen gas or a m xed gas thereot,” Tong perio

and therehgue-ddey aee reroNed iy PGLLShiNG-4F the Neak treatment 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 cont ai 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

5 I the b uares, and a of the
Th cknse SHERRE Seaf e ?aé’lerv“f‘@‘”f %Sﬁﬁﬁéngéeé’d l&; ko tibsve
t h nma a er and surface
Foughnessr Lo 4 PREBENATY W S 0 T REUR M EhPREEE (TeR B min the ion

i npl ant at ti0 t ican surely be renoved while maintaining
tgg unlfdéﬁngﬁggﬂlgﬁ cﬁgkgggs ‘of the thin film Therefore, a bonded

waf er of extreq@&¥egwgn:qughbt¥, egewgﬁggyggg waég'r% h @ﬂ$duct|V|ty,

and thus it is a nethod for pro ucing a renely suitable as

a technifyentel &argees6H€s Bhedustiof« i By %aﬁxﬁba%a%&?d% te Drawi ng
11 4 JANUARY 2006 Fig. 1 (a) to (i) show a flow diagramo exenpl ary

processfmmvmwghwlﬂglanﬁ%lmmgﬁemﬂ@htagayﬁgylgpb%mﬁglggggelamrmulon
nmet hod according to the present invention.
uniformity of film thickness and being free from
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 SOOI lavyer 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' Bhp
present invention ymﬁ?l be explained with reference to the appeﬁgé' fﬁRYZOOG
drawi ngs. However, the present inventionis not I|imted to these. Fig. 1
shows a flom1d|agran1of an exenplary process for producing an SO wafer by
the ion inplantation delam nation nethod according to the present

i nvention. The present invention will be explained hereafter by

lifyi eret Si || con ers are bonded. In the ion

ie)r(rre)lnglnlt ];1%/: g% gefgﬁlen\gt] {) rrgoho{il |anmg ; Q%\Ba% Prfora%urface f I
irs ste That a base wafer

fhgicggrvgggﬁ?%ﬁﬁgp 5?#§%§% %ratg3 %B§§ ﬂmgb r%???ﬁnpﬂhl an SO
ot epar cd. “than ot afteit o DAL SRR L BOBP SR Lh R WL las BB 14 e Bond
prepare .
wafer 2 iprkhich€asgsyarns sy ected to thernmal oxidation to form an oxide
film3 hagfng a thlgkness 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

i i f d Sa f 6 (SQ, layer 7 + buried
E)Qie(rjne :2;2? ?d?rg%%g§%&£l?gﬁgr’aq&§%89&n ;Afogf%el\ﬁgf %sané{lSs%bj ected to

' | t 400C to.600 under .an i1 nert
Sas at moshEd oy ah R d HREL LN Al PR (D FRE B KATET vATeP & and

the SO f e a gg@\%t r I d regation of
bugbles iﬁﬁgﬁgl2%§?og§%l%§y£$$HCn t ef%%F%nggs ?OgglfhggsﬁF ace of the SO

waf er as biibied e af 496t heeglel aainati dihaver, 8 rgmeins. 13 4
JANUARY 2006 'Iéeurthgr, i%ns to be in%?gﬁ?eglag%ﬁ as%%iydr 0gen ~ ions can be

exci ted asdrifiani admand séake rQft i RhageR, 10! o PoREiNG syLfaces can be
prelimnarily subjected to a treatnment with nitrogen, oxygen, hydrogen
pl asma or the |Tke sas (Q)baéﬂéiyﬁé9ddﬁﬂhuperimposing 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 treatnment to obtain
sufficient bonding strength, since the bonding strength of the wafers
brought into close contact in the afoLenention?g)bongl?g step ?nd t he '
del am nati on reatnent s n the steps an e) as it is wou
be weak for use ﬁqﬁFde%Pgé 6?8&B€tﬁﬂp%ﬁ% 8€s SUHR s2Re &Y 35 @AEHeNt i s

h f t t
D060¢ (o %Q%&Ef%ge% AR AR hR T e R TR B &l G 25 ot ﬁLls far. the
h
ipl ant at PaR S and Rl i S 0 FataaeF o BE nk RO BF Lo pr esent
inventiongpfs %@t?&nc\{'onga h@f[eatt'}neeaﬁ*ge\wgtﬂaﬁlbl?IS e teg(?xgﬁdlnagst g:gt

treatment In-t | owi ng step undér an nospHer ¢

hyd a r e e onhdi ng heat
e ALY S0 TPiSn 85 | RSOl AN <P A BPOAR0 F%Q%%ed;sa%én

further shaplddded ﬁ%ﬁﬂﬁ{@dr%hﬁﬁ h@héoa\éqf&rafﬂého'}?tﬁ‘é’ ﬁ removi ng the
rougheni ng of the surface or surface damages. inthe 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
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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 %9'%é# 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 tnidier obtabReh 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 kI i
reduced by the thermal oxidation, a thinner filmcan be obtai n%&gWAﬁ§2006
substantially w thout ,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 damagkS€of e $G7f ddk MARE SHERF . r ERBAER ShPPe Qe ckAdss uniformity
is maintain In additiaon, after the heat treatnent in the step (g) and
bef ore t hBUER&THRI2b%i F5OR $R&P @, °B1G501% Shrngvstidpe ubhegmakt ock
renoval oé 7§?H¥Eor Lesgi eesge%jgbly 50 nm r,(l:ess_,S may_be added as
required “Tréfer 16 g, -e ho% add™hg tHis bBREshitg sB&p, | ong
per o, COPMADILE O, Alfacs SaLoblERg L chpeonel, g LTl by the
SLock T ETUAL W haTkLedi o TB.aMAl. Leo8s SaRecL Bl i il oAy, 2006 50
(oo, 0GBt BEEhe W01 L7OR0 DELRANGED (o Ok SAELEpsB Lol |
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 SOOI 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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rkedly suppressed. Hereafter, explanations will be specifical
aFthere¥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 Qecm was

liced an rocessed to prepare mrror surface:silicon wafers having a
?ﬁ :';ret er gpp% i qﬁ‘?ess’e %\gr érSdiW%ﬂigeirntté"%nﬁhev\a?@%kaﬁtﬁfﬂkfa%@lwaf ers,

d SO I roduced by the jon inplantation delam nation nethod
SP t he \g?é?éfﬁr\{\?%\glg%tlﬁoy n13&Cor u%oth;Qe %‘F((afﬁ Fk—?’pi%%en?@di eJ;JﬁZF:/vg's 1,
[ Fir st [ tqg Fig. 1 to ond waf _

el am nat 6371 & b St SO vt AP TR ni 2 BrHE Oh RS or Thcbur ec

[ ' t h j copdi tions such as those _
?é:d?okayﬁgﬁiﬁ%§§%8§%aéﬁg]%gg ol oﬁg% %%H%R&%kUA%gHE§OG‘§3g¥B G Iéptat%on
condi tionsf hthi@RAesisTRIADEBLIANy €HET G¥e %beraye@' ngapion dose: 6.5 x
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 gil f ? B
as del am nated shown in Fig. 1 (e) was neasured for a 1 |am squ 9@ﬁﬁyf 206
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 nggvé{reég'e. l%ﬁéﬁm. %f g0 %meli 2t & yl%%t@lmzt he
del am nat Hon ; : nd ocessed ccording to the processing
frons shoun T b ee o 4558 SN ELEeR R Ghrdi®hang” i Arckabes

uni formt (avek ' st a iation:_ a) and defect density of the
SO Iayer%gf eacﬁggngﬁﬁéd 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 treatnenttreatnment Ar annealinngacr'ﬁi Lal o A
anneal i ngAr anneal i ngoxi dati on Processi ngPol i shi ngl flomsaprlf!{ éﬁ#@¥IQ8006
nmRenoval of oxidationoxide film Sacrificiali Renoval ofoxidationAr
anneal i ng oxide film Renpval of oxide film Table 2 Exanple 3Exanple

4Conpar ative Exanple 3 Bonding heat Bondi ng heat Bondi ng heat
treatnenttreatnenttreatnent Ar anneal i ngAr anneal i ngPol i shing for 11100 nm

essi ngPol i shing forPolishing for fl ows5 nn70 nm SI _
g;grcifici PIECLHFICR Al C&H%ﬂ@%@xi@ﬁ?i@howmﬂa@ﬂ%rﬁ)val of oxide
filmxide film 20
Table 1
Comparative Compazrative
Example L Example 2 Example 1 Example 2
No bonding Bonding heat |No bonding Bonding heat
heat treatment heat treatment
treatment J treatment !
H Ar annealing ) Sacrificial
Ar annealing l Ar annealing |oxidation
' Processing ! Polishing | ! ' :
Sacrificial for 40 nm Removal of
flow . . . .
oxidation l oxide film
l : Sacrificial l
Removal of oxidation Ar annealing
oxide film !
Removal of
oxide film
Table 2
Comparative
Example 3 Example 4 : Example 3
Bonding heat Bonding heat Bonding heat
treatment treatment treatment
1 , 4 !
Ar annealing 1Ar annealing Polishing for
I ! 100 nm
. Polishing for Polishing for
Processing
flow 55 am 70 nm
! !
Sacrificial Sacrificial
oxidation oxidation
l :
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 minutes (100% Ar atnosphere) (Sacrificial oxidation)
950C, pyrogenic oxidation, oxide film thickness: 590 nm (Exanple 1), 500
nm (Exanple 2), 465 nm (Exanple 3), 435 nm (Exanple 4), 590 nm

(Conpar ative Exanple 2) (Renoval of oxide film Etching with 5%
hydrof | uoric acid (Surface roughness measurenent) AFM produced by Veeco,
RVS measurenent for 1 pm square and 10 pm square (Thi ckness distribution
measur e p 2 produced by ADE, neasured for 1765 points in a plane
(Defectnﬁgaé& nt). Diluted Secco etching until SOT |ayer thickness
becones Bm@mtméxﬁhtaad/ﬂﬁfbﬂxdb%d URES € u@Cth , DOSRLVALL pr, Wit optcal

| qvy A
m Crosco g) nEasurenent—et-hod—f-ot he—So-—ayer wl |
be -expl Pﬁ% E§?{ Efea% qﬂﬂg&gﬁé {Sthln filmSDl as in the present

invention, if th egcdiénhWﬁ&Qﬁﬁ%tl6HOOﬂNdLﬁ%m%§thﬁ%hronlc aci d,
hydr of | UoFRE Z8INE Hhdn Gt er), which
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

Q

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.

21




is used for the preferential etching of usual silicon wafers, | t
etching rate becones unduly high, and the SDI |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 Tabl e 4 Thi ckness RMS (nn)dlstrlbutloggj
(nmdensity 1 pmlO pm (nunber/cnR) Average tCF

10. 080.29171.50.21 x 102 Exanpl e 20.060.16172.41.01 x 102 Conparative Exam
| e. 10.100. 28437.00. 25 x 105 Conparative Examle 20.110.30171.50. 22 x 104
Tabl e 5 Thickness RVS (nmydistributionDefect (nmdensity 1 pmlO unmAverage

squar esquar e

t (T(nunber/cnR) squares uare Exanple 30.080.15172.51.41 x 102 Exanpl e

40.090.14171.51.51 x 102 Cbnparat|ve Exanpl e 30. 100. 13437.02. 05 x 105 From

RY 2006

the results shown in Tables 4 and 5, it can be seen that, for sufficiently"’
remving papie 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 10
comparative | , ;45 | ; og 437.0 0.2 5 x 10°
Example 1
comparative | , ., | 5 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 j sguare
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 | , ., | 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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heni ng of the surface and damages on the surface resulting,fr
{2B?antat?on and formng an SO |ayer having few defects, the 6968&%%&%3006
nmet hod of the present invention used for Exanples 1 to 4 is suitable.
Moreover, in Exanple 1, renoval of a delam nated surface by polishing is
not performed at all, and therefore extrenely superior thickness

uni formty was obtai ned. Long period conponents of the surface roughness

was inpro*gqx$ycégpﬁi [+83 %LJANUARY 2006 gﬁ agf ared with those
y a

i mredi at e ter def an'na 51 F8Rt1y inferior

2 e i shi ng erfor d for 70 nm or
fgggarﬁgrg%ggﬁﬁﬁ?%gggghp‘%gté tﬂg&tﬁgﬁbh §a9P§t3@ ﬁ% Fadati on of the

I ue .t olishing, a
wos St o SRR l}%’e? £' @ e B Rl Rertor e,

extrenel ypbirdy GHaki tFysr WAS ARt @Inepleggr SMlbfraect@Végugq%?snsx%TR%%%L gf t he

short period conponents and | ong period conponents it

can be seen thhatalthogh £r1anreal ing %'a@i%eci’@ﬁ H$ed 138 tﬂ arative
Exanple 1, tth';é1 def ect r@)glheny ty becorres mar kedl y hi gh, and ace” damages

cannot beucdfjmtety mwenoVEds e rbwd hehe ith Gt%[‘e%n%@%ﬂ@ét fas in
Conparative rflEIﬂxam:)Ie 2, although the effect of defect reductlon was

obt ai ned pylpﬁsrﬁmmngr thessaatifi cihalird gt hon + bo?fl‘%sht he.<AL; apgeal i ng,
t he defect density becane
1 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 that, according to the

present invention, there can be produced, for example,
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hi gher conpared with Exanples 1 to 4 due to the generation of FS.
oxi dation step. Moreover, if the polishing alone was used as i%§AE{bﬂI§BﬁOG
Conparative Exanple 3, the defect density becane markedly high, and in
addition, the thickness uniformty 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 exanple, 24 4 JANUARY

cquare and DR qUaTe T ReRsE U rhIEr Ui ABkSrs GLME) neors 88 T or
and nor eot o dor i aS Ty e T SHEEaET i SRR huRRer oS O AR Fror o,
Croat mon: *HoE st Burhg { MBS0 4 P opgiimdsi® | HoLHe SEeREmENt | Bned

exampl es, owhemd henexpeidaEnbs Wt RSE! 9LaRd. by, yoing anoargon atmospher e

cont ai ni ng 3% hydrogen gas 1iInstead o ove af nos ts.

subst ant i ahbly nfi ¥ baert @idhose pRAtd pped;aboy, obf@d ned. Further, in
t he heat treatnent under 100% Ar atnngpﬁerelfﬂyﬁﬁgﬁp 2%@1 to 4 and the

heat treatimprir Admt ) zi ng the argon atnosphere contai ning 3% hydrogen gas
instead of that, such corrosion of the bonding interface as seen in a heat

t r eat ment 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 contéining 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
Ttreatment 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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under an atnosphere containing a | arge anount of hydrogen such 9
hydr ogen at nosphere was not observed. The present invention is4ﬁ§@&££%%€@86

to the enbodinents described above. The above-descri bed enbodinents are
mere exanpl es, and those having the substantially sane configuration as
that described in the appended clains and providing the simlar 25 4
JANUARY 2006 functions ‘and advantages are included in the scope of the

Bbove mai By For T Ao BAE R R b o ho™ o 161 SHFFco: Wel 81 € S r Buce S

above mainly for the cases o

waf ers, tﬁgep@§§§§énglpﬁ¥gﬁgg&%§ not limted to those, and of course it
can al so be applied to a case ere an ion-inplanted silicon wafer is

bonded to an i nsykakalaiel 61 4, delaw paled-he RiQAuGe. 30 S jwafer. and
IS

a case where a conpound sem conduct or er such as used as

a waf er t@xpgaiifﬁé@-né%w trﬁaﬁ_ﬁ'l%f- fé‘ft Eﬁ'é’ éeh:‘?e@r 8%“%(51’?& i §1t ﬁpczvllgéor

produci ng the bonded wafer according to the present inventi not

linmited toftbdsel aent werfdr ntbi grdauSthebr steps rsuch [,ng and
heat treatnment nmay be added, and the steps are usgﬁ'mjﬁﬁésg%%%%#gg

modi fi catioweirtcloni hg alderpinonef thetduder ofinhiher StER$gOMSSion of
sone steps and so forth depending on the purpose. :
can 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
bondedlwafer-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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26 4 JANUARY 2006 CLAIMS 1. A nethod for producing a bonded waf er t
ion inplantation del am nation nmethod conprising at |east a ste%Jégﬁgﬂggﬁﬂaﬁ
a bond wafer having a mcro bubble |ayer forned by gaseous ion

inpl antation and a base wafer. serving as a support substrate and a step

of delam nating the bond wafer at the mcro bubble layer as a border to
forma thin filmon the base wafer, wherein, after delam nating the bond

waf er, the.bonded wafer is subjecteqaﬂ @ heat treatnent in an atnosphere
of an inert gas, hydrogen or a m xe 85 Sthereof, then the bonded wafer is

subj ected to thermal. oxidation to forma thermal oxide filmon the surface
of the thin film and then the thermal oxide filmis renpbved to reduce

rccor di ng o O B M SR B PETLEF T henp nii Loy RERL Y ahiat mospher e
Chin i m e e e hed T o eRoce s uar apey b ie 48 e it inen the
SO SR Shod SR A B e LR R R PP

'bubble layer formed by gaseous ion implantation and a

base.%afer_serving as a support substrate and a step

of delgminating 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
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in an atnosphere of an inert gas, hydrogen gas or a m xed gas ther i
performed in a 100% argon atnosphere or an argon at nosphere coﬂﬁéﬁﬁLﬂ%§2006
hydrogen in an anmount bel ow explosion limt. 4. The nethod for producing a
bonded wafer according to any one of Clains 1 to 3, wherein a silicon

single crystal wafer is used as the bond wafer. 5. A bonded wafer produced
by the nethod according to any one of Clains 1 to 4. 6. A bonded SO wafer

pr oduced ding. two ~silicon wafgrs via an _oxide film wherein surface
roughnessg%%lg%%su%dciéﬁhaql P %sq Land 10pniediarte @ tagndor
| ayer surfage is_,0. L ess -f baot h squares,. and a of a thickness of
the SO Iggler i%gl.]agm?\gr%g%e %sso.fzgho 1-%3%’%#@? THY BF @€ FaTeRti on

provi des a method £, iNo fer by the jqn.inplantation
del am nati on net ho gon%??g%%éfngltgl Q%g&%}%\?%p&gf bondi hg%ér’ Bornd°Raf er

havi ng a Hitetsspubeke dayer Sf d i i pl ant ati on and a base
waf er serving:gs a support gﬁ%ﬁ??a?g%gng éggéegggﬁhgg%%gﬁi&QF%ﬁﬁgePhe,bond
waf er at theafricamolillﬂhﬂk@ei@werexﬁoé‘ig%r dleirmig,form a thin filmon the

e

base wafer, wherein, after the am nation of the bond wafer,
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 o of =a thickness of the

SOI layer is 1.5 nm or less.
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the bonded wafer is subjected to a heat treatnent in an atnosppeng. of
I nert gas, hydrogen or g m xed gas thereof, then the bonded ma?§¢ﬁ$§&R§3006
subjected to thermal oxidation to forma thermal oxide filmon the

surface of the thin film and then the thermal oxide filmis renoved to
reduce thickness of the thin film Thus, there is provided a nethod for
produci ng a bonded wafer, which can surely renove damages or defects on a

surface of a wafer produced by the.i | opl ant ati on del am nati on net hod
whil e mai ntaining the thickness uﬁ#ﬁ%ﬁ%é?@ of the bonded wafer, and _mhlgh
can al so be sufficiently used as a technique for |arge scale production.

The present invention provides a method for
prodﬁcing 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 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 deiaminatién 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 film, and then the thermal oxide
film is removed to reduce thickness of the thin film.
Thus, there is provided a method for producing a
bonded wafer, which can surely remove damages or
defects on a surface of a wafer produced by the ion
implantation delamination method while maintaining
the thickness uniformity bf the bonded wafer, and
which can also be sufficiently used as a technigue

for large scale production.
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