2% Sept ember 2005 SPECI FI CATI ON SO WAFER AND METHOD FOR P %ﬁemr 2005
SAME. Technical Field The present invention relates to a netho or ,
produci ng a- SO wafer by bonding of an ion-inplanted wafer and a wafer and
del ami nation, so-called ion inplantation delam nation nethod (also called a
hydrogen ion delam nation nethod or smart-cut nethod), which can suppress
generation of SO islands generated in a terrace portion and generation of -

LPD genérated in a surface of th%P%Eﬁ%f@éﬁi C@P that device-failure can
be reduced. Background Art The ion-i £P8h del amination nethod is a
met hod of producing a SO wafer by bonding of a wafer into which hydrogen
ions or rare gas ions and a wafer and del am nation. However, there is a

case where a SO ghay&fapr Nt {1 red.o _ porLi of the SOT
wafer after delanination}ﬁgn gc@@?ﬁ?ﬁ%l@ ?ggigggg&%dfﬁﬁo% re a
surface of a base wafer (support substrate). is exposed is generated..
This is mainly due to that the bonding strength between the . bonded wafers

is‘weakirTé@ﬁngggq|¥qéign of the wafers, and therefore, a SOT layer is
difficult to be transferred on a base 1

The present invention relates to a method for
‘producing a SOI wafer by bonding of an iQn—implanted
-wafer and a wafer and delamination, so-called ion
~implantation delamination method (also called a hydrogen
ion delamination method or smart-cut method), which can
- suppress generation of SOI islands generafed in &
terrace portion and generation of LPD generated in a
surface of the SOI wafer, so that device failure can be

reduced.

1Background Art
The:ion implantation delamination'method'is a method -
of producing a SOI wafer by bonding of a wéfer into
which hydrogen ions or rare gas ions and a wafer and
:delamination. However, there is a caée ﬁherera SOI
layer is not transferred on an edge portion of the SOI
- wafer after delamination, and accordingly é terrace
‘portion where a surface of a base wafer (support
substrate) is exposed is_generéted;_ This is mainly due
to thaﬁlthe bonding strength between the bonded wafers
is weak in the edge portion of the wafers, and therefore,

a SOI layer is difficult to be transferred on a base



27 Septenber 2005 wafer side. Wien the SO terrace portion Gy, zdag
a opt?cal m croscope, it was found that SO islands which afe é%ﬁﬁ%ﬁgéﬁ

i sol ated island-shaped SOT | ayer were generated in the edge portion of the
SO layer. It is expected that.such-SO islands conme off fromthe wafer
by etching to elimnate a buried oxide film(my be called a BOX oxide
film during a cleaning by use of an aqueous sol ution containing HF
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observed by an opti cal ace |nspec IOn appa
be called a BOX oxide film) during a cleanlng by use of

an aqueous solution containing HF’(hydrofluoric acid) in
a device fabrication procese, and accordingly, they.
cause device failure because they adhere to a aevice
fabrication region of the wafer again as silicon
pa;ticies. | |
| Figs. 1 show cross sectional views of an edge
' portion of the SOI wafer produced by an ion.implantation
delamination method. |
Fig. 1(a) is a SOI wafer 10, and Fig. 1(b) shows the
detail of its edge pqrtion, Fig. 1(b) schematically
- shows the state that the SOI wafer 10 comprises a SOI
layer 25j.a-buried oxide film 26 and a base wafer 27,
and a terrace portion 43 where a surface of the base
wafer is exposed and SOI islande 42 Whicﬁ are pieces of
iSolated,islandmshaped SOI layer are generated in the
- edge portion.
On the other hand, as S0I wafers produced by the ion
implantation delamination method have been observed by
an optical surface inspection epparatus, it has been

found that defects detected as LPD exist. The LPD




faound that defects detected as LPD exist. The LPD 2 27 Sept enjy

(Eight'Point Defect) is a generic termof the defect, mh.chqgg%%éggé%ﬁfép°5
spot when a surface of the wafer is observed under a condenser |anp.

Al though this defect has not been identified, it is considered that a
device vyield is affected because nearly all the defects are shallow pits
and becone hol es which pass through a SO [|-ayer when a SO |ayer is

e o B e LU I A o
oh oo Pl YAARIETASGOR-LnNTd Ate LR o st 8,50 el megivced By

ion inplantation del am nation od wherein ~g

i } j dt def ect . densi of LPD
o st ng | DS DARNER B Corie RN AN efd??agﬁ 5 pci%?eaada -
i : : hat .t aiJure is_reduce
grefjgfdt Loggla\%ce)glt%]ﬂqu%%@glpr or%leérrjg?af ﬁ%tppgsgﬁ%/ﬂg?ﬁ@gﬁt o At o ﬁ&é’l&eso

waf er prodyeed Py 2 £ 8B ot i AL s anydal,an r@ﬂogpggtcfeﬂideac}’fseregiﬁg So\r/\i ,dE)E

of a SO 1sland region in a terrace portion gener
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than 1 nm As described above, In the present ion,
layer when a SOI layer is oxidized to be thin.

Disclosure of the Invention

The present invention has been éccomplished in view
of the above-mentioned problems, and & main object of
 the present invention is to provide a SOI wafer produced
by an ion implantation delamination method wherein
genefation of SOI islands generated in delaminatiﬁn are
sﬁppressed and the defect density of LPD existing in a
surfaCe'of the SOI wafer is reduced, and also provide a
method for producing the same, so that the device
failure is reduéed, _

In order to solve the above prdbléms, the present
invention provides a SOI wafer produced by an ion
=im.plan_tat'ién‘delaminatio_n'method wherein a width of a
S0I island region in a terrace poftion generated in an

:.edge portion of the SOI wafer where a surface of a base
wafer is'exposed is narrower than 1 mm.

As described above, in the present invention, the.

S0l wafer of which width of a SOI island region ip a

terrace portion generated in an edge portion where a



SO wafer of which wwdth of a SO island regionin a terrac | on
generdted in an edge portion where a 3 27 Septenber 2005 suﬁ?ggébggngg%%ggg '

wafer is exposed is narrower than I mm can be obtained. And if the width
of a SO island region is narrower than-I mmlike this, there will be few
cases where SOT islands cone off fromthe wafer by etching to elimnate a
~ buried oxide filn1during a HF cleaning in a device fabrication process,
and they caus devi ilure opn the ground that they reattached as
silicon pa??F%@%?thaad 756G P T cafi 6FRURGNLS AccsTaliey| hanhd davi ce
yield can be_inproved. , Further, the SOT wafer according to the present

i nvention &Mt E% éét%?gfj -pr b#sc e ByhanWiLeikh Q¥ anBAEi d ke @mi nat i on
met hod wherein a densit |t sha ed defects having a size of 0.19 gmor
nor e eX|sF?ﬁéqq1¥§§%§¥5 I%@er%ﬁﬁe&@éa b%hﬁﬂﬂ%ﬂllhsb@ctlon is
1 counts/CﬁQ or_less %f{lbed ahove, in the gresent i nvention, a SO
waf er havi h§ eﬁF?%ﬁ%IVh?E% stapraddersmas @bh BEOToRhe neafemnnBYif a
density of%fcblsha ed defects havi of 0,19 pmor nore existing in

a surface Gyert H%P@%F%digguﬁlﬁﬁDQ%¥Q?c%ﬁ%@%ﬂ&ﬁ?%ﬁ #eHE, device
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device failure on the ground that they reattached as
silicon particles to a device fébrication region.
‘Accordingly, the device yield can be impioved.

Further, the SOI wafer according to the preSent
invention is the SOI wafer produced by an ion
implantation delamination method wherein a density of
pit-shaped defects having a size of 0.19 um.of nore
existigg in a surface of a SOI layer'defected.by a LPD
inspection is 1 counts/cm? or less.

~As described above, in the present invention, a SOT
wafer having extremely few pit-shaped defects can be
dbtained; And if a_density of pit-shaped defects having
arsize of 0.19 pm or more existing in a surface of a
SOI layer detected as a LED is 1 counts/cm® or less,
device failure can be reduced, and thus, device ylield
can be improved.

Next, a method for producing a SOI wafer according

~ to the present invention is the method for producing a
SOI wafer by an ion implantation delamination method
wherein a lowerrlimit of an ihplantétion dosage of

hydrogen ions or rare gas ions is determined by a




Next, a method for producing a SO wafer according to the prgs r 2005
invention is.the. nmethod for producing a SO wafer by an ion |n§Péﬁ¥5P?o%

del-am nation nmethod wherein a lower limt of an inplantation dosage Qf
hydrogen ions or rare gas ions is deternmned by a 4 27 Septenber 2005

del am nation phenonenon, and an upper linmt of an inplantation dosage of
hydrogen ions or rare gas ions is determned by a wwdth of a SO island
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‘ gas ions is determined by this manner and the ions are
implanted, the SOI wafer such that generation of SOT
islands, which is easily generated in delamination, are
suppressed or a defect density of LPD existing in a |
surface of the SOI wafer is reduced can be produced.
~ Specifically, the implantation dosage of hydrogen
~ions is 5X10% ions/cm? or more and less than 7.5X10
ions/cm?. | |
According to this method, since a width of a region
of S80I islands which ére easily generated in
delamination can be reduced to 1 mm or less, the SOT
wafer of which a SOI layer can be certainly transferred
to a base wafer and a defect densitonf LPD existing in
a surface is extremely reduced can be produced. Further,
by determining the implantation dosage in the above
range, the wafer can be stably delaminated. |
As described above, accordihg to the present
invention, a SOI wafer produced by an ion implantation
delamination method wherein generation of SOI islands

generated in delémination is suppressed and a defect

.density of LPD existing in a surface of the SOI wafer is




by determ ning the inplantation dosage in the above range, k? aJh
be stably del am nated. As described above, according to the prgs%ﬁ{b& 05

invention, a SO wafer produced by an ion inplantation delam nation method
wher.ein generation of SO islands generated in delamination is suppressed
and a defect density of LPD existing in a surface of the SO wafer is 5 27
Sept enber 2006 reduced and a nethod for producing the same can be
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of the Drawings FIGs. 1 i'agr ans s BPrace .and
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m croscope photographs showi ng variations of a SO island region wdth and
a terrace width depending on the ion inplantation dosages (ionS/ Cwv2) (a)

5. 5 X 103%§4§nDég§g@g%§0na@%(fﬁe7D§§w%¥%ijlG.:3|s a di agram show ng

variations of LPD densities (counts/cn surfaces relative to ion

i mpl antation dosages. 1FkGc1hds Schbawt g.@rdléé‘P%hggs%%%ﬁ@”B' el Be

production process of a SO wafer accor
and SOI islands generating in an edge portion of a SOT

. wafer;

(a) A SOI wafer, and (b) an edge portion of the SOT
wafer.

FIG. 2 includes optical microscepe photographs
shewing variations of a SOI island region width and a
.terrace width depending on the ion implantation dosages
(ions/cm?) ;

(aj 5.5X10%, (b) 6.5X10', and (c) 7.5X10%,

FIG. 3 is a diagram showing variations of LPD
-deneities (counts/cm?) in wafer surfaces relative to ion
implantation dosages.

'FIG. 4 is a flow chart showing one example of a
‘production pfdcess of-a S0I wafer according to the
- present invention. |

Best Mode for Cerrying out the Invention

Hereinafter, the present invention will now be
described in detail.

Inventors of the present invention found that, in
order to produce a SOOI wafer by an 1on lmplantatlon

~delamination method wherein generation of SOI islands



resent invention. Best Mdde for Carrying out the Invention 2?g§g' 00
Phe pfesent invention wll now be described in detail. Inven orsb§§“$§i3 5

present invention found that, in order to produce a SO wafer by an ion
i npl antation del am nation nethod wherein generation of SO islands 6 27
Sept enber 2005 generated in del am nation is suppressed or a defect density
of LPD existing in a surface of the SO wafer is reduced, it is sufficient
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at a certain width in a terrace portion generated In an e portiron

: if j v oL observed
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after delam nation heat treatnent. An I's consli dere

in an iondbeRl@NtSt i RPdesam Nash SNoprethed, yrgogge»}iodgi?%w h of
defects induced by hydrogen or rare gas genetrate uring delam nation heat

treat ment %ﬁéd@te&izﬁﬁmahr%grea,piéina%ﬂ_@% %&Q?@ﬁﬁ?ﬂg?%%a&@r%’%gfﬂéa“ on of

i npl anted hydrogen or rare gas. And it i$ also con er e I'n the edge
portion of cbheliwdfals hanéing cddip 1 L5Rhaae thY thads e geNeRRMd AN Of . SO i sl ands

is mainly _
A so-called SOI island, which remains at a certain

width in a terrace portion-generated in an edge portion

. of the S0I wafer where a éurface of a base wafer is
exposed, can be observed after delamination heat
treatment. And it is considered that delamination in an
ion implantation delamination method occurs due to a
growth of defects induced by hydrogen or rare gas
_geﬁerated during delamination heat treatment andra
strength of rapid volume expansion due to vaporization
of implanted hydfogen or rare gas. And it is also
considered that in the edge portion of the wafer having
‘the terrace portion, generation of SOI islands is mainly
due to that a bonding strength between the bonded wafers
is weak under the influence of polishing sags in each
edge portioﬁ of wafer surfaces to be bonded, and a SOI

'layef is difficult to be,transferred to a base wafer

- side.

In consideration of such characteristics of a

‘delamination phenomenon, inventors of the present
invention found that if an implantation dosage of

hydrogen ions is reduced less than a conventional dosage




dye to that a bonding strength between the bonded wafers is n
‘i-nfluénce of polishing sags in each edge portion of wafer &&ﬁgggé ﬁéﬁﬁg

bonded, and a SOT layer is difficult to be transferred to a base waf er

side. In consideration of such characteristics of a delamnation

phenonenon-, inventors of the present invention found that if an _

i npl antati on dosage of hydrogen ions is reduced | ess than a conventi onal
awdth of a SO island

dosage 7 27 of, 8X10 ns/
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_ s 5X101' 5. ] r nore and Iess than 7.5, X10-16 /cn2, the width of a
Sa |slangbreg|on cé% be 1 mmor less and a density of pit-shaped defects

avir \ in a surf of a SO |ayer
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m or more existing in a surface of a SOI layer detected
‘by a LPD inspection can be 1 counts/cm? or less.

The reason why the width of a SOOI islaed region is
extended when the implantation dosage of hydrogen ions
is 7.5X10' ions/cm® or more is not clear up to the
present. However, it is considered that, if an
implantation dosage is larger than necessarj,
delamination occurs as'hydregen'induced defects are
ineufficiently grown since the strength of exbansion due
to vaporization of hydrogen is too strong, and thus, the
region where delamination occurs in the state fﬁat there
is no connection in a lateral direction like SOT islands
is generated.

Further, if a dosage of hydrogen is less than 5X10%°

'1ions/CHF, formation of defecté-and strength of expansion
due to vaporization of hydrogen is not sufficient since
--the implantatien dosage of hydrogen is too small. Thus,
a S0I layer is only partially transferred to a base
wafer, the Whole'surface of the'wafer is not delaminated.

Therefore, it was found that ﬁhe SOI wafer can not be

made up. Consequently, it is,neceSSary to control the



i i ion. occurs in the state that there i j
regi on where del am nati §7qg?§ﬁ%§§éizgﬂ§

in a-l'ateral direction like SO islands is generated. Further,

of hydrogen is |l ess than 5X1016 ions/cn2, formation of defects and
strength of expansion due to vaporization of hydrogen is not sufficient
since ..the inplantation dosage of hydrogen is too small. Thus, a SO

| ayer is only partially transferred to a base wafer, the whole surface of

i i, T , st s found that the SO wafer
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hydrogen iDgssbem?alkeo graf@: 88S31 80 qfLrdppl anted. Further, when a surface

of the SO |ayer was oObserved by an optical surface inspection apparatus,
was found that 2z densctybell defred s dst eel eh@SidPPantation dosage of
hydrogen ions, the existencerof the optimum range of the
dosage was revealedf And, in consideration of the above
mechanism, it can be supposed that this phenomenon is
also applied to the case whefe not only hydrogen ions
‘but also rare gas ions_are im.plantedf
Further, when a surface of the SOI layer was
observed by an optical surface inspection appératus, it
was found that a density of defects detected as LPD
depends on an implantation dosage of hydrogen ions, and
when the implantation dosage is 7.5X10' ions/cm® or
more, LPDs are'extremely incpeased. Although LPDs
existed about 2 eounts/cm? or more when the conventional
implantation .dosage of 8X101¢ ions/cm® Was'implented,
LPDs can be'sharply decreased.to,l countS/cmzor 1ess.
-As described'above, in the pfesent invention, an
.lower limit of the implantation dosage of hydrogen ions
or rare gas ions is determined by a delamination
phenomenon, and an upper limit of the implantation
.doéage-of hydrogen ions or rare gas ions is determined

by a width of a SOI island region in the terrace portion



depends on an inplantation dosage of hydrogen ions, and whem#ggnt mber 2005
i pl ant ati on dosage is 7.5X1016 ions/cn2 or nore, LPDs are extreﬁéﬁy

i ncreased. Al though LPDs existed about 2 counts/cn2 or nore when the
conventional inplantation dosage of 8X10'6 ions/cn2 was inplanted, LPDs
can be sharply decreased to.1 counts/cnR or |ess. As described above, in
the present invention, an .lower Iimt of the inplantation dosage of
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Herei nafter, the tase o wo:.'si I1'con _
expl ai ned. o FRG M bbb ARLAJON, £el aghpal gn, ref fodln yfj ch a SO wafer
i's producég byubonéﬁggﬁo? an |on-|np$gnte§'
' implantation delamination method in which a hydrogen ion
implanted wafer is bonded to a wafer and delaminated.
Hereinafter, the case of bonding two silicon wafers
will be mainly explained.
The ion implantation delamination method. in which a
S80I wafer is produced by bonding of an ion-implanted
wéfer and a wafer and delamination has , for example, two
methods of A and B of which are diffeﬁent in fhe order
of précessing steps. First, the method 2 will be
explained.
In the process 1 of the methéd A, two mirror-
- polished silicon wafers are required to be prepared.
That is, wafers 20 and 21, which arehsatisfied with
~spécifications of a device, are preparéd. In the
process 2, at least oné wafer, i.e., the wafer 2O is
theimally oxidized to form an oxide f£ilm 30 having a
: thickneSs of about 0.1-2.0 pgm on its surface. In the
process 3, hydrogen lons or rare gas ions are implanted
'(hydrogen'ions are implanted'here) into one side surface
of the other wafer 21 to form a microcavity'layer

(implanted layer) 40 at an average penetration depth of

10



fer and a‘méfer and del am nation has for exanple, two netheds, e
g? whi'ch are different in the order of processing steps. Flrst,|@%e nepﬂgg

A will be explained. In the process 1 of the method A two mrror-
‘polished silicon wafers are required to be prepared. That is, wafers 20
and 21, which are satisfied with specifications of a device, are prepared.
In the process 2, at |east one wafer, i.e., the wafer 20 is thernmally

oxi di zed tghgomaﬁg1fﬁiﬂgf@ﬂj@f%hfﬁ¥iQgsasﬁf%ggggsshﬁé ggout 0.1-2.0 pm

-on its surface. In the “process 3, drogen 1ons Of. rar § jons are
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contact of each surface of two wafers und ean -atnosphere '
tenperat urg) Bethewf@s StaEEWagidied o W bhpgt '%ﬁ@&fﬁb&%t%%‘%“ﬁ ¥y the like.

Next, the process 5 is a delami nation heat treatnen
contact of each surface of two wafers under a clean
atmosphere at room temperature, both wafers ére Jjoined
'without an adhesive agent or the like.

Next, the process 5 is a_deiamination heat treatment
process such that the.joined wafer is separated into an
.uppef siliCon 28 (delamination wafer) and a lower SOI
wafer 10 (é S0I layer 25 + a bﬁried oxide film 26 + a
base wafer 27) by an implanted layer 40 which.is a
boundary. When heat treétment is performed at a
temperqture of 400—600%3 or more under an inert gas
atmosphére, the joined wafer is separated into the upper
Silicén and the lower SOI waferpy growth of hydrogen
induced defects generated during thé-delamination heat
treatment process and strength of rapid volume expansion
due to vaporization of'implanted hydrogen. The

 -délaminatedAupper-silicon 28 is removed.

Additidnally, as one of ion implantation
delamination method, it has been developed recently that
implantation ions afe implanted in a state of plasma so

that the delamination process is performed at room

temperature. In this case, the above delamination heat

11



rocess such that the joined wafer is separated into an upp g fe 05
Fdel am nation wafer) and a lower SO wafer 10 (a SO Iayer "l) E@?br?%)
oxide film26 + a base wafer 27) by an inplanted | ayer 40 mhlch is a
boundary. When heat treatment is performed at a tenperature of 400-600C or
nore under an inert gas atnosphere, the joined wafer is separated into the
upper silicon and the | ower SOL wafer by growh of hydrogen induced

~ defects ge tﬁ%%ﬁt”iggdHN%égggﬂkgatiOn heat treatnent process and
rap

strength o vol uhe “eéxpansi 0 due to vaporization of inplanted
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process is too weak to be use i"n

necesaary e st s Lovelo S tater 10 4 Dot LSRN 18 Have
a sufficient bonding strength. This heat treatment is
preferably performed for thirty minutes to two hours at
a temperature of 1050-1200°C under an inert gas
atmosphere.
Additionally, it is possible to continuously perform
- delamination heat treatment in the process 5 and bonding
heat treatment in the process 6, i.e., to.continuously
perform delamination heat treatment in the process 5 and
bonding heat treatment in the process 6 without removing
the upper silicon wafer to be delaminated in_the process
75 from the lower SOI wafer, or it is also possible to
- perform heat treatment as.combining the heatrtreatment-
in processee 5 with the heat treatment in proeesseS‘G.
| Then, in the process 7, which is a toueh polishing
process, mirrOrfpolishing is performed for a cleaved
surface 50 so that the stock removal of the polishing
- can be 70-130 nm, preferably about 100 nm.
After the above processes, a high quality SOI wafer.
10 having a SOI layer 25 with high unifermity of film
thickness which is a layer having no crystal defects-can

be predﬁced.
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preferably performed f-or thirty minutes to two hours at a 59@%% &
© 105' 0-120CcC under an inert gas atnosphere. . Additionally, "t |ggbﬂ£3|éHQ§

to continuously perform delam nation heat treatnent in the process 5.and

bonding heat treatment in the process 6, i.e., to continuously .perform

del am hation heat treatnent in the process 5 and bonding heat treatnent in

the process 6 without renoving the-upper silicon wafer to be delam nated in
it is also possible to

perform heat DUHiMCRE 5 EOib TRrRGS RS hasroTREATde S0h PREESsses 5
Fouch pol | SHERG CathcEas PRt IR0l P ohifig Be p0r PBFABA Liorts cheaved-
o1 cf or abl YL AAGGD 00" Wt AR EP TG dhBVETEY GchestaL ChaSHAIP HebFEFaSal |
ahi oh i s APl R R ERTS GEracPe VA s et br BRER AR : 150027
Lot ho met 100 B GHPS e’ pr BEeSS oF (9B nPRRorE pOFTSHEA a1 Corewaf 61E 20"

and 23, WEbedr 935a1d s gdnath\) S0Fa2REY Hr A oh 24N CF118T 51
prepared. Tn :

having a thickness of about 0.1-2.0 gm on its surface.
In the process 3, hydrogen ions or rare gas ions are
implanted (hydrogen ions are implanted here) from a
surface of the oxide film 31 on the wafer 23 to form a-
microcavity layer (implanted layer) 41 at an average
penetration depth of ions in parallel with its surface.
And its implantation temperatufe is preférably 25-4507C.
- The process 4 is the procésslsuch'that a surface of the
oxide film 31 serving as a hydrogen ion implanted
surface of the hydrogen ion implanted wafer 23 is
brought into contact with the silicon wafer 22, and by
Contact of each surface of two wafers under a_clean
'atmosphereAat a room temperature, both wafers are joined

- without a adhesive agent or the like. Nekt,_after the
processes 5 to 7 conducted by the same processes as the
_method A, a SOOI wafer with a uniform film thickness

- which have no crystal defects can be obtained.

In the present invention, the ion impiantation

dosage at the time when hydrogen ions are iﬁplanted into
“omne wafer in the procéss 3 of the ion implantation

delamination method is 5X10%® ions/cm? or more and less
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the. process 2, at |east one out of two wafers, i.e., the wgheg, :ﬁﬁbrzoos
t hermal |y OX|d|zed to forman oxide film 31 haV|ng a thickness o

0.1-2.0 dimon its surface. 1In the process 3, hydrogen ions or rare gas
ions are inplanted (hydrogen ions are inplanted here) froma surface of
the oxide film31 on the wafer 23 to forma nicrocavity |ayer (inplanted

| ayer) 41 at an average penetration depth of ions in parallel with its

bl y. 25: 45QC.
orocess 4 Taihe bf oesle: Loth” hATRIRNE L3 Pl Bt P %@fv. ng.
as a hydrodends +agkant a¢ é%&g‘ée Q)fr’éjnﬁ? héﬁﬂrgﬂ%” s@ wapLant fe

is brought inta contact wth the con wa an y ~cont act o each

surface Ofﬂ@Médﬁﬁﬁﬁsgéﬂ@¥aﬁbdciﬁa e 18MSPOLLS aE%ﬁJH%”%éSHEE%?E ;1er

both wafers are joined w thout a adhesive agent

Lpe brocemsend 18sd, CARGHE ofhbYwhlie Sl B OERSBRTAS: Ly s AELAG A a

SO wafer with a uniformfilmthicknes ave no crysta

‘be -obt ai ned.pp resther prgsent o WE&@@ otﬁecﬂ@nsbﬂp},ﬂrffeaén' £ edpsage 3l the

ti me when hydrogen ionS are inplanted into one wa e process -3 of

the ion i npleantcdd oBan dBkbapmiahi @84 et bﬁ?th%ﬁx%én' Hé/ ﬁ?%l%}n@%foﬂnd
| ess 13 27 Septenber 2005 than 7.5X1016 /cn® Accor Ing t W dt h
of a SO dosage falls within the above range, the wafers can be
stably delaminated.
Hereinafter, the present invention will be explained

specifically in reference to the example, but the

present invention is not limited thereto.

(Example)

By using a MCZ methOdI(Magnetic field applied
Czochralski method) in whiéh_crystal was pulled while
applying a magnétic field, a silicon single crystal of
which so-called growﬁ—in defects were reduced was pulled

- while controlling pulling conditions. The ingot of the
crystal was processed in a normal manner, and mirror-
polished silicon wafers {(a diameter of 200 mm, crystal
orientation of <100>, conductive type of p-type, and
resistivity of 10 Q « cm) of which COPs were'feduced in

~ the whole crystal were produced. |

The surface of the wafers was measured in terms of
COP by a surface inspection apparatus {SP-1, product of
KLA-Tencor Cdrporation), and it was found that no COP

-having a diameter of 0.19 um or more existed. The COP

14



island region in a edge portion of the SOT wafer, which is
generated in del amination, can be reduced to 1 mmor less, and éy%¥¥b9r¥005
of which defect density of LPD existing in a surface of the SO wafer is
extrenely reduced can be produced. Further, when the inplantation dosage
falls within the above range, the wafers can be stably del.am nated.

Herei nafter, the present invention wll be explained specifically in
reference i nvention not ted

t her et 0. (@5 &%a@g %Pﬁ% 5“1?\3@2@ ﬁﬁgd ‘”(%g‘ﬁeYP&df RPa‘B%{tn?

Czochral s met hod) in_ whicl r ta ulled while applying a nmagnetic
field, a sPPVEdY $ nygteSch slag% bwi\i:@“z)h%soug‘al MU G obi- PREd&tect s wer e
reduced wag. . ul | ed w@é%e gontrolling pul Iing conditions. The ingot of the
crystal was §V6%€§% f°5°nor mal manner, and nirror- polished silicon

' f di 2.0 I f. <100 i .
Lype of - type N h PaSrer A apreptls o %i%'%%%céops%‘é%”%ﬁtéﬁ in

duced,. .Th f f.th f d
Lorm of | CEPLRy o HOH {SRE) ‘é%%&ﬂﬂoﬁniﬁ,%ﬁé?aéoce%%gﬁ} SEBciS ofaTers

KLA- Tencor a mas f oun at, no havi n a di anet er .
_ of 0.19 gﬁ?ggaﬁg%%§é§$% g B iﬁpqaﬂ%atloncgglamlna
| method.

1) Thickness of a buried oxide film: 145 nm, and
Thickness of a SOI film: 160 nm. |

2) Conditions of hydrogen ion implantation;
Implantation energy: 56 keV, Dosages: six standards of
.4.5><‘1016', 5.5X10%, 6.5X10%, 7.0X10%%, 7.5X10%*, and
8.5X10' ions/cm?.

3) Delamination heat treatment; Temperature: 500°C,
Time: 30 minutes, aﬁd.Atmosphere: an inert gas (Ar).

4) Bonding heat freatment; Temperature; 1100°C,
Time: 2 hours. | |

5) Touch polishing; Stock removal: 100 nﬁ.

After the SOI wafers were produced baeed on each
dosage described. above, the SOOI wafers was measured
“about each.SOI island region width and terrace width by
a optical microscope, The resﬁlts of the measurements

- are shown in Table 1 and Fig. 2.

From these results, it was found that the width of
the region where the SOI islands 42 exist was sharply
expanded when the hydrogen implantation dosage was 7.5X

10*® ions /cm® or more. Further, when the width of a SOI

15



27 Septenber 2005 (Crystal Oiginated Particle) was a void t
having a size of about 0.1-0.2. gm which is one of grom-i%piﬁéﬁgﬁerzoos

Next, based on process conditions below, three SO wafers per each
condition were produced fromthe wafers produced above by an ion

i npl ant-ati on del am nati on nmethod. 1) Thickness of a buried oxide film 145
‘'nm and Thickness of a SO . film 160 nm 2) Conditions of hydrogen ion

i nmpl i on; ' i : keV, . _Si dard f.

B0 soakearh L adheh BReo R iqdd s B, m SR SRt 0 TS Oy BreS 9

Del am nat i‘gggh%ﬁ#e(?t’ :ee)gégggtﬁ% 'geyz';)t r aagéﬁé 00%?1;-“ me: 30 m nutes, and
an ;

At nospher e B4t nent; Tenperat ure:

11.00C, Ti ne: . 5) Touch_pol i.shing; Stock . 100 Af t
Uhe SOI val or & 'WHH B BF badEed Hasiin SRET 6ea05n e BoPiRRRnB0E Hhe SO

f d, .ab SA_isl [ idth and t i dt h
by - opt \HAE HECTbSdPE. STHLOreai TS G hot ASREGHATERE C8FESo@dn

sults, it._was found that. the.width of the

Tabre 3 and ke, S QBN LE ML ol L f ovpd el heutalh of
hydrogen iHB{:agh%tin&gﬂéagﬁn\ﬁ%s't7he5>i1ydrogen implantation doéage
- was too small, a S80I layer was only partially
"tr_anSferred to a base wafer so that delamination on
whole surface of the wafer fell into difficulties, and
. therefore a SOI wafer could not be produced.
| According to the above results, in order to narrow
the SOI terrace width and reduce generation of SOI
islands in the hydrogen ion implantation delamination
method, the hydrogen implantation dosage is pfeferably
less than 7.5><.1016 ions /cm?. Further, when the
“implantation dosage is less than 7.5'><10_16 ions /cm? and
'5X1016 ions /cm® or mdre, . the terra.ce.Wid'th andv

generation of SOI islands are almost the same level.
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101& ions /cn? or nore. Further, when the wdth of a SOl 15 23}739'%?@ 005
2005 i sl and regi on was expanded, the wdth of the terrace 43 wa.s also
expanded by the same tendency. Further, it was found that when the hydrogen
dozage was |ess than 5X1016 ions /cnR2, formation of defects and strength
of expansion due to vaporization of hydrogen is not sufficient since the
hydrogen i npl antati on dosage was too small, a SO |ayer was only partially
transferredrheia q?pe waf er so that delam nation on whole surface of the
wafer fell into difficulties, and .therefore a SO wafer could not be
produced. According to the above results, in order to narrow the SO
terrace w dih and reduce generati¢on of SO 1slands [{n the hydrogen ion
i npl ant at i gn\dékami ndydengeneidnd, sbe twrkmperdispl ant atéor A0SAGRH S
preferably s thanmplext8tbohons /cnR widuw ther., when the ipgphantation
dosage is Imssafhah 7. 5%&044eions|/cn2 and 5X1IQAL;5 [ons /cn or nore,. |the
terrace . wdth and [gen&hahisgandf {SO islands are al ppst the sanme |evel | 16
- 27 Septenber 2005\( Tabl e. 1) Hydrogen ionSQO island regi onTerracew dth
" \'i mpl-ant at ifonw dt h| m

1 4. 5 S80I layer could not be transferred to a base wafer
2 5. 5 0. 2 2. 2
3 6. 5 0. 3 2. 2
4 7. O 0. 3 2. 2
o 7. b 1.0 2. 6
6 8. 5 1. 5 3. 2

On the other hand, LPD densities in each surface of
SOI wafers produced under thé,conditioné of each -dosage
were measured by an optical sﬁrface inspectioh apparatus
(5P-1, product of KLA-Tencor Corporation). The measured
~size of LPDs was 0.19 gm or more, and the region in: the
edge portion which is exclusive was 5 mm. The average °
of LED densities in the wafer surfaces in three-standars
of the dosages are shown in Fig. 3. It shows that when
the implantaﬁion dosage is 7.5X10% ions /em? or more,
LPDs are sharply iﬁcreased, and whenrthe implantation
dosage is less than 7.5X10' ions /cm?, LPDs are
- suppressed at the same level.
Therefore, in the method of producing a SOI wafer by
an ion implantation delamination method, the hydrogen
'dosage to be implanted is preferably 5X10% ions /cm? or

more and less than 7.5X10' ions /cm?, more preferably,
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i mdosage[ mm] [x10' 6ions/cn2] 4 . 5SSO |ayer could not be tr
base wafer 25. 50. 22.2 36. 50. 32.2 47. 00. 32.2 57. 51. oz%ﬁ%@ﬂ?é’%@?

On the other hand, LPD densities in each surface of SOl wafers produced
under the conditions of each dosage were neasured by an optical surface
i nspection apparatus (SP-1, product of KLA-Tencor Corporatian). The

neasured size of LPDs was 0.19 4mor nore., and the region in. the edge

portion i § §1eXC [ was_5 The,ayerag of nsities,in,the
waf er suﬁégggsilé; t Arﬁelge Z?IélndngmgTone t%ddxgg&ghaar% t%@vﬁﬁl rjroﬁ%./%’r.“z'lt
shows that wh t ' antatd.on: dosage 4.5 7 ‘6 i n2 or nore,
LPDs are shargﬁvaﬂ%ﬁ?%gggd?jﬁﬁggakgﬁ ?%ef#ﬁb|%%%%?F§%T9ﬂ§%é§e is less than

7. 5X10' 6 4gpsqlicih LEscanpoainigssed ahel Be MAEsLenghp lerefore, in

t he nethod of producing a SOT wafer by an’ion 1nplan i on del am nati on

met hod, t ERGAN ; dloga I an i ferably 5X10'6 ions /cn?
or nnreegﬁgeﬁgss théhg7§5%%g%pégggﬁgg%én%?g%gﬁggége g??ﬁ%@, 17 27

Sept enbers 208522 t3%01LH tRBS LG LFrAPEE NG d esRathaR 54X 110465 1ons /cnt.

the appended claims and providing the similar functions
and advantages are included in the scope of the present
invention.

For example, 1n the above-described embodiment, it
is explained by exemplifying the case where a silicon
single crystal wafer having a diameter of 8 inches is
used. However, the present invention is not limited
thereto and can be applied to the case where a silicon
single crystal wafer having a diameter of 4-16 inches or

more is used.
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The present invention is not l[imted to the enbodi nent descr

above-descri bed enbodinent is a nere exanple, and those hav???hﬁg%rz%
substantially the same structure as that described in the appended cl ains
and providing the simlar functions and advantages are included in the
scope of the present invention. For exanple, in the above-described

enbodi nent, it is explained by exenplifying the case where a silicon
single crystal wafer having a dianeter of 8 inches is wused. However, the
present .invention is not linmted GHerfeth ¥nd can be applied to the case
where a silicon single crystal wafer_ having, a dianeter of. 4-16 inches or
nore is ubed. 8 SOD7Wadpremie?do08 &Y. 3 1R SIEPLIATYSEGtaRer pr oduced
by an ion_inplantation de|lamnation nmethod with bonding two_silicon wafers
wher ei n &9 efA RetipsanetBpgn a7 iridyi BANFA Y (T a2 el 1560 ("G GeRerated in
an edge portion of the SO wafer where a surface of a base wafer is
exposed I'NAEPEGwE WidER 2Tmm SOL A SR &I R RdLRed BPTHEFBN

i mpl antation_,del am nati on nmethod with bonding two_.silic fers. wherein
a densi t yPOFCpPE- SRApR befledt’s davF %eapg’ﬁffelg% Be°the B Uieter

where a surface of a base wafer is exposed 1is narrower

than 1 mm.

2. A SOOI wafer produced by an ion implantation
delamination method with bonding two silicon wafers:
wherein a density of pit-shaped defects having a size of

0.19 gm or more existing in a surface of a S50I layer

detected by a LPD inspection is 1 counts/cm® or less.

3. A method for producing a SOI wafer by an ion
implantation delamination method with bonding two
silicon wafers wherein a lower limit of an implantatiOn
dosage of hydrogen ions or rare gas ions is determined
by a delamination phenomenon that the wafer can be
stably delaminated, and an upper limit of an
imblantation dosage of hydrogen ions or rare gas ions is
determined so that a width of a SOI island region in a
" terrace portion is narrower than lmm or so that a
density of pit-shaped defects detected by a LPD

inspection of the SOI wafer is lcounts/cm® or less.

4, A method for producing a SO wafer by an ion
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0.19 Amor nore existing in a surface of a SO |ayer detect
i nspection is 1 counts/cm or less. 3. A nethod for producingggﬂggédﬁ%iﬁoos

by an ion inplantation delamnation method with bonding two silicon
wafers wherein a lower limt of an inplantation dosage of hydrogen ions or
rare gas ions is determined by a delam nation phenonenon that the wafer
can be stably delam nated, and an upper lint of an inplantation dosage
of hydrogen ions or rare gas ions . is determned so that a wdth of a
SO - i sl andR bgnéRGiiPm d@iﬁfﬂé@@%@lﬂi@ﬁh@%ﬂ%bwq n&¥6r so that a
density of_ﬁht-shaped defects detected by a LPD inspection of the SO
waf er i s 9€blRPy O RFS| wheredn pneiAbd ara bl 8BuEiOfR%e Sof wafer by an
ion 19 27 Septenber 2005|'inp|an§ tion del am nation method with bonding two
si i con WEfRFegamerieds ahsi Apf AAT at i oRSd6BEgerofMmONs dibgen Sisehsthan5x10"
ions/ch_?r5gR{§magg | ess than 7.5X1016 /cn2. [9a a

- cm-.
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