la METHOD FOR MANUFACTURI NG SI MOX WAFER AND SI MOX WAFER OBTAI NED BY THI S
METHOD BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The
bresent invention relates to a nethod for manufacturing a SI MOX wafer based
on a SI MOX (Separation by |Mlanted OXygen) technol ogy anong net hods for
manuf acturing an SO (Silicon On Insulater) wafer in which a single crystal
silicon layer is forned in a silicon single crystal main body via an oxide
filmand a SIMOX wafer obtained by use of the nmethod. 2. Description of the
Rel ated Art [ OBBZHODoHPENPRORNAACTURING Setdd WATERe Abide S INOSWWAZER a et hod
for manufacturing an SO wafer, one is a bonding nethod in which two wafers
are bonded with each other vi@BTARNBYiBEe FHIMMEIECPhe other is a SI MOX

met hod in which oxygen ions (0') are inplanted froma surface of the
silicon wafer to forman ion-inplanted | ayer of a single crystal containing
hi ghly concentrated oxygen in a-region of a predeterm ned depth within the

X
waf er, and RHeHRPYND %ﬁf%ﬁEiENgﬂ% EMNed to a heat treatnent to thereby

transform the ion-;gplanted | ayer into a buried oxide film (Buried OXi de:
herei naf terl: rigFeld RF tiPasIBSOFRr. ). An SO  wafer manufactured by the

SI MOX nethoﬁ '$ articularly called a SIMOX wafer. [0003] The net hod for
manuf act uri %é e s vohfafdesgnt invention relates to a method for

manufacturing a SIMOX wafer based on a SIMOX (Separation by
IMplanted OXygen) technology among methods for
manufacturing an S0I (Silicon On Insulater) wafer in which

?»J a single crystal silicon layer is formed in a silicon
single crystal main body via an oxide film and a SIMOX
wafer obtained by use of the method.
2. Description of the Related Art
[0002] Conventionally, two methods have been known as
a method for manufacturing an SOOI wafer, one is a bonding
method in which two wafers are bonded with each other via
an oxide film, and the other is a SIMOX method in which
oxygen ions (0') are implanted from a surface of the

R silicon wafer to form an ion-implanted laver of a siﬁgle
crystal containing highly concentrated oxygen in a region
of a predetermined depth within the wafer, and then this
wafer is subjected toc a heat treatment to thereby transform
the ion-implanted layer into a buried oxide film (Buried
OXide: hereinafter, referred to as BOX layer.). An S5S0I
wafer manufactured by the SIMOX method is particularly
called a SIMOX wafer.

[0003] The method for manufacturing the SIMOX wafer at



1 an initial devel opnent stage has been based on a high dose technol ogy.
Thiss nethod for manufacturing the high dose SIMOX wafer is such that oxygen
atons are inplanted into the silicon wafer at the rate of about 2x1018
“atons/cn2 with an inplantation energy of about 200 keV, the BOX | ayer is
then formed within the wafer while keeping the wafer ion- inplanted
(as-inplanted), and then the wafer is subjected to a high tenperature
annealing treatnment. By this annealing treatnent, a crystal defect
generated in the SO |ayer can be recovered, and the BOX | ayer can be
transf or nedt rddogl Heyvedionmeniafsda Shihishdkasy haded Mg doisdh dasshnol ogy,
however, has _a high dose anpbunt of oxygen ions, so that there have been
probl ems tIRELNAREY hr dRdEniethrd deat merufecturing the 8duh gd¢se, a |ong
ion inplantation tinme is required to thereby reduce manufacturing

ef fi ci encyP 1Ml Yaffedd igtdt HstataXoiwate &SN ke |edage-eirid? ~and

deterioration ig,a heteroi nterface when a device is,ganufacturged, so that
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there is &1§ Bt Watporhitdirematfy 9 10'n geomeéc gr"fjoﬁ'}hance
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and a sho@ﬁgg fﬁe&i¥a€ﬁ¥hiéﬂgzﬁgfgg(ﬁ fﬂénieé%ﬂﬁaNthe wafer ion-
implanted (as-implanted), and then the wafer is subjected
to a high temperature annealing treatment. By this
annealing treatment, a crystal defect generated in the SOI
o layer can be recovered, and the BOX layer can be
transformed.
{0004] The SIMOX wafer obtained by this high dose
technology, however, has a high dose amount of oxygen ilons,
so that there have been problems that many threading
dislocations occur in the S0I layer, a long ion
implantation time is required to thereby reduce
manufacturing efficiency. This threading dislocation leads
to a leakage current and deterioration in a hetercinterface
when a device 1is manufactured, so that there is a
possibility of preventing improvement in device performance
and performance of functionality.
[0005] For that reason, in order to achieve a
reduction in threading dislocation generated in the SOI
layer and a shortening of the ion implantation time, a low
dose implantation technology has been developed. A method

for manufacturing this low dose SIMOX wafer is such that

oxygen atoms are implanted from a surface of the silicon




dose inplantation technol ogy has been devel oped. A nmethod for manufacturing
this | ow dose SI MOX wafer is such that oxygen atons are inplanted froma
surface of the silicon 2 wafer at the rate of about 3.5x1017 to 4.5x1017
atons/cn2 wth an inplantation energy of about 180 keV, and then the BOX
| ayer is fornmed continuously in a plane direction parallel to the surface
of the silicon wafer by performng a high tenperature heat treatnent. In a
case where inplantation energy is 180 keV, .it is possible to formthe BOX
| ayer cont¥&t@hsty Fhethetel ahedPibcti okrlpar &0 41 583 0"t RERFAF sur f ace
only when the dose, anpunt is 3.5x1017 to 4.5x1017 atons/cn2. A range of a
width of tWishdeRelBRbEMEACIAN caRPEEY 0 HORROW ndB. k¥He BMROXORRT BRCoDt ai ned
by this | dose inplaptation technolo can reduce a_t hreadi ng
dl sl ocati RORChSTEY Th FHENSR CPAGLRICRAY (LR 7 bl eve CHBRGEAEEUri ng
efficiency due.to t€§ hort eni.ng of tgﬁ ion,.inplantation ti '5$0006]
However , s?ﬂ%%liﬂ% m%?ﬁ#a%%tgfn ebﬁlﬁﬁﬁggova ﬁFstoRFggg ing
i npl antation_technolo gas smal | _oxygen, i dose ampynt, a film
t hi ckness %?hfﬁlé W%é@ ?r%g%%grgsjcr?ﬂ%ﬁ?w he%bya 5% ”ﬂ_éesfeoeen a probl em
in reliabil] % % yer. g?it' n, _when_the fj| hicg ess of
t he forne%ﬁé%ﬁﬁ %§%$§i§§%% ﬁ,f%flggpgr ic#g %%h%?ggi?geatogﬁé Bc H%f t he
silicon Lhg # i b Lhpl antat i o hj cl a mask,
So that ok erebrsBrELbasu D A BhE Brond HEFLRLLLE BoREIYEE B3 P e
| ayer the wafer surface only when the dose amount is 3.5x10Y to

4.5x10Y atoms/cm®. A range of a width of this dose amount
N is called a dose window. The SIMOX wafer obtained by this

low dose implantation technology can reduce a threading

dislocation density in the SOI layer, and can improve

manufacturing efficiency due to the shortening of the ion

implantation time.

[0006] However, since the SIMOX wafer obtained by use

. 0f this low dose implantation technology has a small oxXygen

ion dose amount, a film thickness of the BOX layver becomes

thin, thereby there has been a problem in reliability of
N the BOX layer. 1In addition, when the film thickness of the

formed BOX layer is thin, if a particle adheres to a

surface of the silicon wafer during the ion implantation,

this particle serves as a mask, so that an unimplantable

portion is easily generated in the icn-implanted layer

formed within the silicon wafer. While the ion-implanted

layer turns into the BOX layer by annealing treatment, the

unimplantable portion becomes a pinhole that is one kind of

crystal defect of the BOX layer, thus degrading electrical



formed wthin the silicon wafer. While the ion-inplanted Ilayer turns into
the BOX | ayer by annealing treatnent, the uninplantable portion becones a
pi nhole that is one kind of «crystal defect of the BOX | ayer, thus degrading
electrical 3 insulation characteristics. There has been a problemthat the
percentage of this pinhole density is higher than that of a high dose SI MOX
wafer, or the like. [0007] Therefore, in order to inhibit the pinhole
generation, in the BOX | ayer, there is proposed a_nethod for _ manufacturing
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wafer is gjlicon wafer is subjected to annealing treatment, and then
it is further subjected to an oxidizing treatment in a high
\J; temperature oxygen atmosphere, and an S0I substrate
manufactured by the method (See Japanese Unexamined Patent
Application Publication No. H07-263538 {claim 1, claim 6,
paragraph [0009], [0010], [0025], [0026], Fig. 1)).
[0008] According to the method disclosed in Japanese
Unexamined Patent Application Publication No. H07-263538,
first, oxygen ions are implanted from the surface of the
silicon wafer at the rate of about 4x10' atoms/cm® with the
implantation energy of about 180 keV. Next, the wafer in
& which the ion-implanted layer is formed is subjected to
annealing treatment in an inert gas atmosphere containing
oxygen of less than 1% concentration to transform the ion-
implanted layer into the BOX layer, and then this wafer is
further subjected to a high-temperature oxidizing treatment
in an atmosphere containing highly concentrated oxygen more
than 1% concentraticon. When the wafer is subjected to the
high-temperature oxidizing treatment, highly concentrated

oxygen in the atmosphere enters the wafer from front and



further subjected to a high-tenperature oxidizing treatnent
at nosphere contai ning highly concentrated oxygen nore than

in an
1%

concentration. Wien the wafer is subjected to the high-tenperature
oxi dizing treatnment, highly concentrated oxygen in the atnosphere enters

the wafer fromfront and 4 rear surfaces of the wafer to be
therein. When this oxygen stays in a boundary surface of t
Si2 to be stacked, the BOX | ayer grows, thus allow ng an
t hi ckness &fath&UBERCRayef. the HALSKMER bRafeffobed; ﬁga
t echnol ogy
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he BOX | ayer as
increase in film
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in a reduction in the pinhole density. Furthermore,

roughness of an interface between the BOX layer and the

N silicon wafer can also be improved. As a result,

electrical characteristics of the device can be homogenized.

[0009] Even in the manufacturing method based on this

ITOX technology, however, since an oxygen ion dos
is as large as 4x10' atoms/cm?, it takes a long t

implant the ions and the high-temperature oxidizi

e amount
ime to

ng

treatment is also needed in addition to the annealing

treatment, so that there have been problems that

manufacturing efficiency is low and productivity is
(”j decreased.
[0010] Thus, in order to shorten the ion implantation

time, there has been proposed a method for manufacturing

the SOI wafer called a MLD {(Modified Low Dose) technology

where oxidizing treatment is applied to a wafer having two-

implanted layers including an amorphous layer formed

therein (See U.S. Patent Publication No. 5930643
specification page 1, right second column 5th to

and Fig. 1l(a))).

(claim 1,

43rd lines,



the SO wafer called a M.D (Mdified Low Dose) technol ogy where oxidizing
treatnent is applied to a wafer having two- inplanted |ayers including an
anor phous | ayer forned therein (See U S. Patent Publication No. 5930643
(claim1l, specification page 1, right second colum 5th to 43rd lines, and
Fig. 1(a))). 5 [0011] The nethod disclosed in U S. Patent Publication No.
5930643 is such that the ion inplantation process is divided into two

st eps, andE@g¥gfn ions_are inplanted . into the wafer at dlfferent,
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185 keV to forn1a second |o ant ed anDr ous yer continuously to a
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portion of the second
within the wafer, and then this wafer is subjected to a

high-temperature oxidizing treatment in a mixed gas

s atmosphere.
[0012] Specifically, firstly, in a state where the
gilicon wafer is heated, oxygen ions are implanted at the
rate of 2x10'7 atoms/cm® with the implantation energy of 185
keV to form a first ion-implanted layer containing highly
concentrated oxygen within the wafer. Next, in a state
where this wafer is cooled, oxygen ions are implanted at
the rate of 3x10* atoms/cm® with the implantation energy of
185 keV to form a second ion-implanted amorphous layer

{”\ continuously to a plane on a wafer surface side of the
first ion-implanted layer. A lower portion of the second
ion-implanted layer overlaps with an upper portion of the
first ion-implanted layer containing highly concentrated
oxygen, so that highly concentrated oxygen is contained
within the second ion-implanted amorphous layer. This
wafer is further heated in an inert atmosphere, such as
argon containing 0.5 to 5% oxygen, and then it is held at a

high temperature in a 5 to 100% oxygen atmosphere



i on- |nplanted Iayer overlaps mnth an upper portion of the first
ion-inplanted | ayer containing highly concentrated oxygen, so that highly

‘concentrated oxygen is contained wthin the second ion-inplanted anorphous
| ayer. This wafer is further heated in an inert atnosphere, such as argon
containing 0.5 to 5% oxygen, and then it is held at a high tenperature in a
5 to 100% oxygen at nosphere 6 contai ni ng argon or the like. The first
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easily precipitates therein, oxygen in the atnosphere containing - oxygen

enters thecwaﬁa&néramgﬁngn&oﬁeent@ateauek§§@ﬁ pithhe twaf epnto diffuse
wi thin the wafer during holding the wafer™ "at a constant tenperature after

t he tenper gihpl@ntedeamdrgho@xyy8eks Q@n@@%btalﬁﬂzhﬁlbhl&o@hghoﬂen5|ty
defect layer to be precipitated as SiQ2 hus, the high-density defect

| ayer havi pgoSe€R pheethityatiadihbetBentbupBsatike theeBOXeshayehg fFar this

reason, a low ion dose anount of 2x1017 atons/cn allows to obtain a SIMOX

waf er havi aghtbe-8&Xsity defect layer including a polycrystal, a twin
crystal, or a stacking fault. Since a region having this

&J. defect layer formed has a property that oxygen easily

precipitates therein, oxygen in the atmosphere containing

oxygen enters the wafer from front and rear surfaces of the

wafer to diffuse within the wafer during holding the wafer

at a constant temperature after the temperature rise, and

oxygen is concentrated in this high-density defect layer to

be precipitated as SiOz; Thus, the high-density defect

layer having SiO; precipitated therein turns into the BOX

layer. For this reason, a low ion dose amount of 2x10%7

atoms/cm® allows to obtain a SIMOX wafer having the BOX

layer with the same thickness as that obtained when a

double dose amount is implanted.

SUMMARY OF THE INVENTION

10014)] However, 1n the SIMOX wafer obtained by the
manufacturing method described in U.S. Patent Publication
Specification No. 5930643, roughness of a surface of the

S0I layer and roughness of the interface between the S0OI



| ayer wth the same thickness as that obtained when a double dose anount is
i npl anted. SUMMARY OF THE | NVENTI ON [ 0014] However, in the SIMOX waf er
obtained by the manufacturing method described in U S. Patent Publication
Speci fication No. 5930643, roughness of a surface of the SO |ayer and
roughness of the interface between the SO 7 layer and the BOX | ayer are
i ncreased conpared with a surface roughness of the silicon wafer, so that
t here has . been a probpl e hat a particle with a size neasurable on the

B ERe vl

surface ofl?%%rs?m cbhe Por 1 e¥Rhot el NebSAPed O PAESISIMEX Gafer surface.
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to clain11Siﬁ@xaﬁ%?€£ygur%gcgig. 1, the inprovenment of a nethod for
manuf acturing a I MOX waf er sequentially conprising the steps of: heating a

g;' | con waf c015p 2 temReIHdinRy 1Y) e dAge: s ?&% tf:e@%tc Ak A Rl ant i ng
ygen ions of first dose anount” wwth a first inplantation energy froma
surface of i §heo We¥8¥id® a method for manufacturing a SIMOX wafer
wherein both of a roughness Rms of a measurement area of 10
square micrometers in the surface of the SOI layer and a
S roughness Rms of a measurement area of 10 square
micrometers in the interface between the SOOI layer and the
BOX layer can be reduced, and a SIMOX wafer obtained by use
of the method.
[0016] The invention according to claim 1 is, as shown
in Fig. 1, the improvement of a method for manufacturing a
SIMOX wafer sequentially comprising the steps of: heating a
silicon wafer to a temperature in the range of 200 to

600 °C and implanting oxygen ions of first dose amount with

a first implantation energy from a surface of the wafer to

Ty
\

form a first ion-implanted layer containing highly
concentrated oxygen at a first depth from the surface of
the wafer;

cooling down the wafer having the first ion-implanted
layer formed therein to a temperature in the range of a
room temperature to 200 °C which is lower than the heating
temperature and implanting oxygen ions of a second dose

amount with a second implantation energy from the surface



forma first ion-inplanted | ayer containing highly concentrated oxygen at a
first depth fromthe surface of the wafer; cooling down the wafer having
the first ion-inplanted layer fornmed therein to a tenperature in the range
of a roomtenperature to 200 C which is lower than the heating tenperature
and i npl anti ng oxygen ions of a second dose anount wth a second

i npl antation energy fromthe surface 8 of the wafer to forma second

i on-i npl ant ed_anor phous | ayer continuously to the first ion-inplanted |ayer
on a surfa‘?;g the dﬁg%?rtt'h% 12 aFCGORG CH HED N F PSR PEPRRILF abRYSF t he

f wherein th d depth_j hal | t han t first depth; d
by eot | ng THE WATE {00 WG Vepot 3 LB Ao L SUTFet 7 R &P Rpspher o

Cower thars S 4806 PR el o i el oy BT Bt "t FFRG For B0 s6
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ours o change Lhe. L1k sty andlaseond. oL IPLAN e LRVELS, Lokoch BOX | ayer

wherein a 0Se anoln e ormng irst ion-Tnplant ed

| ayer is 3@%%ﬁ9.2§%§17 to 3x1017 atons/cnR, the first inplantation energy
is set to to 0 keV, and a second dose anount in the step of formng
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treatment in an atmosphere containing oxygen wherein the
wafer is maintained at a temperature not lower than 1300 °C
but lower than the melting point of silicon for 6 to 36

N hours to change the first and second ion-implanted layers

into a BOX layer,

wherein a first dose amount in the step of forming the

first ion-implanted layer is set to 2x10'Y7 to 3x10%Y7

atoms/cm®, the first implantation energy is set to 165 to

240 keV, and a second dose amount in the step of forming

the second ion-implanted layer is set to 1x10 to 1x10'°

atoms/cm®.

[0017] The configuration is characterized in that

wherein a first dose amount in the step of forming the

first ion-implanted layer is set to 2x10'7 to 3x10Y’
atoms/cm?, the first implantation energy is set to 165 to

240 keV, and a second dose amount in the step of forming

the second ion-implanted layer is set to 1x10' to 1x10%°

atoms/cm®.

{0018] In the method for manufacturing the SIMOX wafer

according to this claim 1, when the first dose amount in

the step of forming the first ion-implanted layer is set to
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mhe¢e|n a flrst dose anount in the step of formng the first ion-inplanted
| ayer is set to 2x1017 to 3x1017 atons/cnR, the first inplantation energy
is set to 165 to 240 keV, and a second dose amount in the step of formng
the second ion-inplanted layer is set to 1x1019 to 1x1016 atons/cnR. [0018]
In the nmethod for manufacturing the SI MOX wafer according to this claiml,
when the first dose anDunt in the step of formng the first ion-inplanted

I i 15 lcn2, the fi | ant at
& et "t 18" 5ot e KB 11 %@g?ﬁﬁgﬁt. SHELRBaied PAyEY A% 1 or mod

eason. 1 rethe Al Bhe a‘%%n%@ a?%? £ neathef cubfoht P80 cpon s Fol BB ayer
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BOX | ayer oxygen 1 n contarn ygen cGRtri but es

is for md’sﬁggacé hys yﬁélﬁ%%é)il |r];c;lheE esﬁtféadéckﬁgtlrfnckﬁg #g, BOX layer is

decr eased a resul t of t he roughness asurenent area

of 10 squaf&nﬁéféeunﬁé%éat %f@gtm@ﬁﬁréeéﬁ Reryeen hog §96e£ayer and the BOX

| ayer and the roughness measur enent area of square

m cromet er§ré1@sf8ﬁne§uf{'é’xﬁetl% £b§s§qoﬁa ﬂ%lgﬁﬂeéelwéﬂc:fg £68048] The
inventi on accordi ng toclaim2 is rel ated oclaim1l wherein an Oxygen ion

inplantatigpidh tHeast€Pon@fBORI Mapart e Fhish oRPgéAPLANtRd | ayer is
performed with
atmosphere containing oxygen contributes is formed, and
thus variation in the depth direction of the BOX layer is
. decreased. As a result of this, the roughness Rms of the
measurement area of 10 square micrometers in the interface
between the S0I layer and the BOX layer and the roughness
Rms of the measurement area of 10 square micrometers in the
surface of the SOOI layer can be reduced.
[0019] The invention according to claim 2 is related
to claim 1, wherein an oxygen lon implantation in the step
of forming the first ion-implanted layer is performed with
a plurality of steps in the descending order from the
N highest energy implantation to the lowest energy
implantation, and an average of the first implantation
energy in the plurality of steps is in the range of 165 to
240 kev.
[0020] In the method of this claim 2, the oxygen ion
implantation in the step of formiﬁg the first ion-implanted
layer 12 is performed with a plurality of steps. That
allows a much probability that oxygen precipitates are

dissolved and precipitated within an ion implantation

ic



a plurality of steps in the descending order fromthe highest energy
inplantation to the | owest energy inplantation, and an average of the first
inplantation energy in the plurality of steps is in the range of 165 to

240 keV. [0020] In the nethod of this claim2, the oxygen ion inplantation
in the step of forming the first ion-inplanted layer 12 is perforned with a
plurality of steps. That allows a nmuch probability that oxygen precipitates
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reduce the,0eneralion of fucsidigony ialand: L0024y JbeIpyeptign according

toclaim3 i1s relat alm1l, wherein an oxygen ion inplantation in the
step of formag.the sggond ion-inplanted layer is perforned with a
plurality of steps in the ascending order fromthe | owest energy

| mpl ant at | poo2 2] ! he hitghestRAHGH IFRIAMMY ¢ 10922 i Ade ] hod of

this claim 3, e oxygen ion inplantation in the step of formng the second

ion- inplaps egldayer, héSeperdraepyan tive DhplMidyiof Stepse s6&t hat
filmthi ckness of the second ion-inplanted anorphous |ayer can be i ncreased

and film tdf cknessn®ftlidesedAd | Byerimslamts® hevénct easedro 2 3}idhe
i nvention according to claim4 is related to any one of clains 1 through 3,
wherein the shoontity of steps in the ascending order from the lowest
energy implantation to the highest energy implantation.
[0022] In the method of this claim 3, the oxygen ion
s implantation in the step of forming the second ion-
implanted layer 13 is performed with a plurality of steps,
so that film thickness of the second ion-implanted
amorphous layer can be increased and film thickness of the
BOX layer can also be increased.
[0023] The invention acceording to claim 4 is related
to any one of claims 1 through 3, wherein the second
implantation energy in the step of forming the second ion-
implanted layer is lower than the first implantation energy
o in the step of forming the first ion-implanted layer, and a
e value obtained by deducting the second implantation energy
from the first implantation energy is 10 to 30 keV.
[0024] In the method of this claim 4, the second
implantation energy in the step of forming the second ion-
implanted layer is set to be lower than the first
implantation energy in the step of forming the first ion-

implanted layer. Thanks to the aforesaid value of 10 to 30

keV, width of an area having the BOX layer formed therein
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inpl antation energy in the step of form ng the second ion- inplanted | ayer
is lower than the first inplantation energy in the step of formng the
"first ion-inplanted layer, and a value obtained by deducting the second

i npl antation energy fromthe first inplantation energy is 10 to 30 keV.
[0024] In the nethod of this claim4, the second inplantation energy in the
step of formng the second ion- inplanted |ayer is set to be |ower than the

| yer . ToHACL A 2R elr Al ot SR B ot LBk DG B8 o on
broct pi t atdcceranyes | (R EECRARERCAR Rost ol RoL S R E e 8 e " REE B, e
docor di ng 25 Ehe i BLeafi Tl pB N th LI PRl ok RV BV TS LoPer anat act ured
Che. SIVDX W2 accor di o ot gty (68 dRadh, SIS stolie® 1
measur enentnarea of 10, s08au6x mféf?niﬁgﬁﬁﬁa&euwg ggrﬁﬁ&%efahaaeﬁo | ayer

and the roughness Rve of the neasurenent area o square mcroneters in

the int erf@ﬁg bt WeeNabHe SRnt YSE4 BT 1 NE 1 BRCbaYEr4are 4 angstrons or
| ess, respectively, and a dielectric breakdown characteristic of the BOX

Irrg%/ﬁgdi ?OZ[OWéPm or nBf &chd AAHX AR MES HdRANBRPUS BECHTE 41y T, the
the roughness Rms of the measurement area of 10 square
micrometers in the surface of the S0I layer and the

S roughness Rms of the measurement area of 10 square
micrometers in the interface between the S0I layer and the
BOX layer are 4 angstroms or less, respectively, and a

dielectric breakdown characteristic of the BOX layer is 7

MV/cm or more.

[0027] As described above, according to the method for
manufacturing the present invention, when the first dose
amount in the process of forming the first ion-implanted

layer is set to 2x10'7 to 3x10' atoms/cm®, the first

P
, \
S

‘implantation energy is set to 165 to 240 keV and the second
dese amount in the step of forming the second ion-implanted
layer 13 is set to 1x10' to 1x10'® atoms/cm?, so that the
roughness Rms of the measurement area of 10 square
micrometers in the surface of the SOI layer and the
roughness Rms of the measurement area of 10 square
micrometers in the interface between the S0I layer and the

BOX layer of the wafer can be reduced, respectively.
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manuf acturing the present invention, when the first dose anobunt in the
process of formng the first ion-inplanted layer is set to 2x10" to 3x1017
atons/cn2, the first inplantation energy is set to 165 to 240 keV and the
second dose anpbunt in the step of formng the second ion-inplanted |ayer
13 is set to 1x1019 to 1xI 076 atons/cn2, so that the roughness Rrs of the
measurenment area of 10 square mcroneters in the surface of the 501 |ayer
and the roughness Rrs of the neasurenent area of 10 square mcroneters in
the interface between the SO |ayer and the BOX | ayer of the wafer can be

(S5 i nor BRFET | DERPAEFHEC et RS oM Mehur actur i ng a SIMOX vafer o

sequentlalkg fordlng to an enbodi nent of the present invention; Fig. 2 is
a di agram ?us rating changes within the wafer subjected to a high

tenperature heatp L%eaf msg'nta @f&%ﬁh@lf@sﬁ%ﬂ{ sgnlhe c?”%éf’” Fig. 3is a

diagramillustratinhg a relation between a S|ng e |np i'on step and

doubl e i mpaph abé hEPfr SEPS giM@x i Est sgg%tﬂgigay gaggafﬁmgneoagnoxygen

concentration Irst 1on-1np resent

|nvent|on,eﬁbgdlﬁé§% b8 @hglﬁgéggﬁtliﬂ§éﬁ@{bﬂg arelation between a first
i npl antation energy with the single

Fig. 2 is a diagram illustrating changes within the
wafer subjected to a high temperature heat treatment
according to the present invention;

— Fig. 3 is a diagram illustrating a relation between a
single implantation step and double implantation steps of a
first ion-implanted layer, and an oxyden concentration
within the first ion-implanted layer of the present
invention;

Fig. 4(a) is a diagram illustrating a relation
between a first implantation energy with the single
implantation step in a process of forming the first ion-
implanted layer and roughness Rms of a measurement area of

(o 10 square micrometers in a surface of the SOI layer, and
Fig. 4(b) is a diagram illustrating a relation between the
first implantation energy with the single implantation step
in the process of forming the first ion-implanted layer and
the roughness Rms of a measurement area of 10 square
micrometers in an interface between the S0I layer and a BOX
layer;

Fig. 5(a) is a diagram illustrating a relation

between the first implantation energy with double

13



inmpl antation step in a process of formng the first ion- inplanted | ayer and
roughness Rns of a neasurenent area of 10 square mcroneters in a surface
“of the SO layer, and Fig. 4(b) is a diagramillustrating a relation
between the first inplantation energy with the single inplantation step in
the process of formng the first ion-inplanted | ayer and the roughness Rms
of a neasurenent area of 10 square mcroneters in an-interface between the

SO | ayer &, ngr}wr%e;,éhl%i ol &) Aftﬁoﬁﬁﬁﬂ%l%ﬁ%%ﬁé ng a relation

bet ween the i1 rst inplan energy w np dtion in the

o L e 0 AR A b @

measur enent "ar ea f square mcro Iayer,

P9 i) &8 0 AAUANA LU A0 2 Rl Ao belIPthd Mor T3¢

i npl antation ener e inplantation 1n the process o %?ning t he
first ion-pygpl anpied {ayerqangd-dhe; 1 Foughnessy RIS Of o @ JBasiedent ciggea of 10

square mcroneters in the interface between the SO |ayer and the BOX

layer; Fi gfi®4@)imsl #neh emnend s twatn dhdb & alp tdhtdetaeem arwal ue
obt ai ned by deducting the second inplantation energy fromthe first

i npl ant at | b @ gyf afskrm i flosighiness k- Qip Barieas Ul £p@ntaed eghof 10

square mcroneters in the surface of the SO layer, and Fig. 6(b) is a

di agram i |tausdtired s HRms reef af imde Hhetawment tdweevadfel0 square
micrometers in the interface between the S0I layer and the
BOX layer;

o Fig. 6(a) 1s a diagram illustrating a relation
between a value obtained by deducting the second
implantation energy from the first implantation energy and
the rcoughness Rms of a measurement area of 10 square
micrometers in the surface of the SOI layer, and Fig. 6 (b)
is a diagram illustrating a relation between the wvalue
obtained by deducting the second implantation energy from
the first implantation energy and the roughness Rms of a
measurement area of 10 square micrometers in the interface

- between the S0I layer and the BOX layer; and

- Fig. 7 is a diagram illustrating a relation between
the value cbtained by deducting the second implantation

energy from the first implantation energy and a dependent

dielectric breakdown characteristic of the BOX layer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] Next, the best mode for carrying out the
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obt:ai ned by deducting the second inplantation energy from the first

i npl antation energy and the roughness Rrs of a neasurenent area of 10
square mcroneters in the interface between the SO |ayer and the BOX

| ayer; and Fig. 7 is a diagramillustrating a relation between the value
obt ai ned by deducting the second inplantation energy fromthe first

i npl antation energy and a dependent dielectric breakdown characteristic of
the BOX | ayer. DETAI LED DES TI ON. OF THE PREFERRED ENMBCODI MENTS %0029]
Next, the BeSTeHod YR TLA ¥t ny Rutdefer 1Red frasehtOF nviadit FoR Wh¥F - be

ot hod T or nERITRHLN TG ot SENSEARIEE b1 nb BhesBriieF Bt Ton el udes o
11°To 7o AR e | Ao a8 0% et ha g fofoncent  at ed

Che cur  ach St Rt des & PaRRa e ner e P ER S B8 | ayer
he val er T3t o oF coeka b MRl ool g TREN A BT Rl eea®

t enper at Urﬁaﬁ‘@?tlz té%%ﬁ%{j}l%ﬁ %@r%@& %ﬂ%&@%@@ﬁh to change the

first and second ion-inp . Into ayer 15. [0030]
Her ei naf t evaa:lf(f.ﬁelﬂpwo&&%swfﬁ@wﬁm@ hee cHMBkPRELT 1 G s t PRI esent

invention w be descri bed for

the surface of the wafer 11 to form a second ion-implanted

amorphous layer 13 continuously to the first ilon-implanted
L layer 12 on a surface side of the wafer 11, and a process
of subjecting the wafer 11 to a high temperature heat
treatment in an atmosphere containing oxygen to change the
first and second ion-implanted layers 12 and 13 into a BOX
layer 15.
[0030] Hereinafter, the method for manufacturing the
SIMCX wafer of the present invention will be described for
each process.
[0031] <Process of forming first ion-implanted layer>
£ According to the process of forming the first ion-
implanted layer, as shown in Fig. 1l(a) and Fig. 1(b), first,
oxygen ions are implanted from the surface of the silicon
wafer 11 to form the first ion-implanted layer 12
containing highly concentrated oxygen within the wafer 11.
Preferably, the silicon wafer 11 shown in Fig. 1l(a) is
manufactured by the Czochralski method.
[0032] The first ion-implanted layer 12 is formed by a

single implantation step in such a way that, in a state
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each process. [0031] <Process of formng first ion-inplanted | ayer>
According to the process of formng the first ion- inplanted | ayer, as shown
in Fig. 1(a) and Fig. 1(b), first, oxygen ions are inplanted fromthe
surface of the silicon wafer 11 to formthe first ion-inplanted | ayer 12
contai ning highly concentrated oxygen within the wafer 11. Preferably, the
silicon wafer 11 shown in Fig. 1(a) is manufactured by the Czochral sk

nmet hod. [0032] The first ion-inplanted layer 12 is formed by a single

|nplantat|ﬁ%65tgg |n, ych a way that, in a state 15 where the silicon wafer
11 is accHrfbfated © ﬁopowaf?ﬁpﬂénﬂéraFﬁBPm§ﬁ6%ﬁﬁ iBn@"t KETt enper at ur e

insid h 2 600 f 300 500 C,
Bgibeﬁ }oﬁgpggggggfr§9%38 E%hﬁou%Pd gg %ﬁpgﬁf@@ugéelggﬁggy tng a Lganlfrom
th f f h f k at f th f th
Surface ofPPREALS 6F Seatadslsr a00pfer 00 ChY Bt caRbIY. Aincned o
o 0 b
b ant od Ui 16 ?gégﬁﬁé " Rh2LGr BLEUERY PlselahBrRlyakd BBRafrelrBY SN re

crystal sa&ggaeataﬂg Ul £5tnl 00el UpLagLed kayRL 12 coniai aing hi ohly

concentrated oxygenTis Torne i I'e a danmage el1on. 1np ant ation is

recover edyol havBe ot gaper ghUGe g skeaBothaRof0RnG cLbg fampge chemins in the

surface o 1 because of t damage to the 1on inplantation
not be'ngwafer 11. The atmosphere within the above-mentioned

apparatus is in a vacuum state. By heating it to 200 to
600 °C, ions can be implanted while keeping the surface of
o the wafer 11 in a state of a single crystal silicon, and
the first ion-implanted layer 12 containing highly
concentrated oxygen is formed while a damage due to the ion
implantation is recovered. If the temperature is less than
200 °C, the damage remains in the surface of the wafer 11
because of the damage due to the ion implantation not being
recovered, whereas 1f the temperature exceeds 600 °C, there
may occur a problem that the degree of vacuum within the
apparatus drops because of the large amount of outgassing.
[0033] The first dose amount of the above-mentioned
oxygen ions is 2x10Y to 3x10'" atoms/cm’, preferably
2.3x10Y to 2.7x10Y atoms/cm®. The reason why the first
dose amount is limited to 2x10'7 to 3x10Y atoms/cm® is that
if it is less than 2x10Y atoms/cm®, there may occur a
problem that roughness thereof i1s increased, whereas if it
exceeds 3x10' atoms/cm?, there may occur a problem that a
dielectric breakdown characteristic of the BOX layer 15 is

deteriorated.
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recovered, whereas if the tenperature exceeds 600 C, there nmay occur a
probl em that the degree of vacuumw thin the apparatus drops because of the
" large anobunt of outgassing. [0033] The first dose anmount of the
above-nentioned oxygen ions is 2x10'' to 3x10'7 atons/cnR, preferably
2.3x10"" to 2.7x1017 atonms/cnR2. The reason why the first dose amount is
limted to 2x10'7 to 3x1017 atons/cnR is that if it is less than 2xl 017

whereas 1 1110 Excondd Po o B o Lo e Lt theh TV orh ¢ hat
di el i kd h istic,of,the BOX | 151 d i d. 16
[0034] 1 n KR oo, Do 1 reie | SoR | HOr S G 12y e 122 HEV G SRRAICt Tt he
on | Dl anigd 100 gio Uhe, fisicdaptd fly 40040 600 M prefELAPLY, 45 to 550

nm fromthe surface o 1'1s formed i n paral e surface of
the wafer : rder: §$ﬁ% ve thi ir i ti nergy is
set to 165t1'%elo v§E£1f01(31cl<)e€/"e lpérg%era c?yﬁ% oé%%l%%fzé% @&% : #ﬁ%éé?eggg%hgmy t he
first inplaedli On, ener Qfdet S8 adrQ bRD thQ 24GHE VY 1irSt Nl iadn tidt sich | ess
than 165 keV, roughness Rns of the nmeasurenent area of 10 square

M cromet ergndg@ni 4 Nd&F face et weesy § W@e\@opﬁé‘ﬁ’@faﬁﬁya&g 1iher BQohayer 15
and that in a surface of the SO layer 16 wll increase, whereas if it

exceeds 240KeV,TH & fa@ldroWng tHaME 13D i@ S t3¢kE U endrlgy S iget |y
because a special ion inplanter is required, and secondly because oxygen
I ons to 165 to 240 keV is that if it is less than 165 keV,
roughness Rms of the measurement area of 10 square
micrometers in an interface between the S0I layer 16 and
the BOX layer 15 and that in a surface of the S0I layer 16
will increase, whereas 1f it exceeds 240 keV, the following
two problems may occur. It is firstly because a special
ion implanter is required, and secondly because oxygen ions
enter so deeply from the surface of the wafer 11 that the
high-temperature oxidizing treatment for an extremely long-
time is required in order to form the SOI layer 16 with a
desired film thickness.
~ [0035] Furthermore, as shown in Fig. 3, in the case of
| the first ion-implanted layer 12 due to this single
implantation step, the width of the peak thereof is narrow,
oxXygen precipitate density in which oxygen precipitates
during the subsequent high temperature heat treatment is
high, it has a broad base, and the oxygen precipitate
density in which the oxygen precipitates during the

subsequent high temperature heat treatment is low (ion

implantation a&). Due to variation of the oxygen
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ent.er so deeply fromthe surface of the wafer 11 that the high-tenperature
oxidizing treatnent for an extrenely long- tine is required in order to form
“the SO layer 16 with a desired filmthickness. [0035] Furthernore, as
shown in Fig. 3, in the case of the first ion-inplanted |ayer 12 due to
this single inplantation step, the width of the peak thereof is narrow,
oxygen precipitate density in which oxygen precipitates during the

subsequent,.ii gh, t.enper e he r t is. .. hi it S base,
and the o@%e‘%lrbplr ecl pi%atﬂgeleqtc}eﬂ%ﬁ y&gﬁg\}ﬂip&]% e tgat;cyegéena]£|;)lﬁ‘$‘ech::j‘spélj a eds during

the subsegiient-digh {ammeraturs, haal 184 MRAL fxfh 1t dd OTaydypl antation )

Due to variation of the oxygen 17 precipitate density, oxygen

preci pi t ates @& ol Ybcand A eddidaled WD the fddstid ons#pl ant ed
| ayer 12. |If the oxygen precipitate density is high, siliconis left. As a

result, the ipsidaiief, the lsidelsntald ol e Sat At tedhwt higi | i con,
so that there is a problemthat many silicon i'slands are generated in the

first BOXdoyesd khicch $F0riddi,s deaseit tieddiss M gnasslaf dfiitmnimgnhy he first
ion- inplanted |ayer, an oxygen ion inplantation is perfornmed not with a

singl e i niEnt@adn aie Ideps kie Wdrdematpddirial idhe of irdthaGtEBiyon S3£pS,
preferably may be separately performed wth two inplantation steps. In this
case, an &ker agel ofreddmn ,fiirstthiglmrdais oo en@rmying |thdef sedt tiord65 to 240
keV. Preferably, the inplantation nay be perfornmed in the

implanted layer, an oxygen ion implantation is performed

not with a single implantation step but with a plurality of
*1;4 implantation steps, preferably may be separately performed
with two implantation steps. In this case, an average of
the first implantation energy will be set to 165 to 240 keV.
Preferably, the implantation may be performed in the
descending order from the highest energy to the lowest
energy implantation. The reason is that since the damage
in the later stage of the implantation remains, there is
obtained an effect similar to that a value of the second
implantation energy, described hereinafter, is set to be
relatively smaller than a value of the first implantation
energy.
[0036] Specifically, the first ion-implanted layer 12
shall be formed with double implantation steps, the
implantation energy in the first step be 184 keV (ion
implantation b;), the implantation energy in the second
step be 176 keV (ion implantation by), and oxygen ions of

the first dose amount for every stage are implanted by

irradiating the beam from the surface of the wafer 11.
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descendi ng order fromthe highest energy to the |lowest energy inplantation.
The reason is that since the damage in the |ater stage of the inplantation
remains, there is obtained an effect simlar to that a value of the second
i npl antati on energy, described hereinafter, is set to be relatively smaller
than a value of the first inplantation K energy. [0036] Specifically, the
first ion-inplanted |ayer 12 shall be formed with double inplantation
steps, the _inplantation energy in the first step be 184 keV (ion

i npl ant at it8R381) , t heThaprpYatront tpRredyi i RSt hdoseconauntt@p BBYIFB keV
(iton inplantatiqn, b2), ,and oxygen iogn f,,the first ,dose anpuny for every
st age areIPHﬁIQ%tégeb§lr? ré&?gtﬁﬁggtﬁéggeaﬁqrkn#%%% s%F?%QZC%? t he waf er
11. 18 [0037]. The above- ti qned fjrst ;dose ampuni of . oxygen ions of the
first steB*F ef553 7017 10615 53’{0%? chray c‘?‘r‘g‘?mgg?%f-erzta“ﬁﬁy%%ofﬁlol7 to

1. 35x1017_at ns/cggf.Th% ggove- nen%io ed first .dose a ﬁnt of _oxygen ions
of the sefSRGT8F&Ep &5, 6RE61 705 L. Bx 167 9& odEFENP; "3 & 8FSHIY 1. 15x1017

to 1. 35x1gjcépgtllgr'r§/ %gﬁolﬂ'hceo fir 1Cti®sae%%5r%}é1&%z_’otgraé ﬁ%-’dafbgLyB{ hlg'djfdé;xr gqltv he ion

i npl antat i’ I"and e ion implantatt o i's "equa _ dose
o eho I A A ThLOR P SOLSLRD AL SO BN EY
first ioggyaRbarhed ;ibayehpiantsth8hmBY: adVing BoReMpBintieion b,
is equal to the first dose amount of ion implantation a.
The ion implantation b; and the ion implantation b, of
o these two implantation steps are fused, so that the first
ion-implanted layer 12 is formed, having a peak at the
first depth i.e. at the same depth as that of a case where
the ion implantation is performed with the implantation
energy of 180 keV, the average of 184 keV and 176 keV (ion
implantation b).
[0038] In the case of the first ion-~implanted layer 12
due to these two implantation steps, the width of the peak
therein is wider than that of the ion implantation a, and
(Y the oxygen precipitate density is low. For this reason,
silicon is hard to be left within the first ion-implanted
layer 12, which makes it possible to reduce generation of
silicon islands.
[0039] Further, when the oxygen ion implantation in
the process of forming the first ion-implanted layer is
performed with a plurality of steps, a value obtained by
deducting the energy of the second step from the energy of

the first step is set at 12 keV or lower, preferably at 8
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first depth i.e. at the sane depth as that of a case where the ion
inplantation is perforned with the inplantation energy of 180 keV, the
‘average of 184 keV and 176 keV (ion inplantation b). [0038] In the case of
the first ion-inplanted |layer 12 due to these two inplantation steps, the
wi dth of the peak therein is wider than that of the ion inplantation a, and
the oxygen precipitate density is low For this reason, \J silicon is hard
to be left within the first ion-inplanted |ayer 12, which makes it possible
to reduce dg&erdtilowest- 3$hei 6BRTPY| ahdshe] 0B BGephés, s@fre®ot Be€ oxygen
ion inmplantation in the process of form.ng the first ion-inplanted |ayer is
performed Widi9eF Fhataihsy grerdefd D8/ diafeomtEhed By d@ucting t he
energy of the second. . step.frqomthe ener of the first step is set at 12
KoV of | owerCTRARRo i, W AOEF AP e G LoWRE drier GYONTIIETA ot st ep
is set to | arger .t han.the . energy.of the |later st I can _increase
1t hi kg BHean B Bk o R AGharoRE L f hhe Gl 1 e detronn
characteristj f the layer . 15. 040] . Addi ti onall f.ter .the ion

Ul antat i Gt ert oFRBAtAPR R Ts i ASTETothE SPhBLrEaEibRs Ling ( ho

process of AR ) o T TS NS P AL P e vafer 1
tenperatur%fdkess of forming the first ion-implanted layer is
completed, the wafer 11 having the first ion-implanted
layer 12 formed therein is cocled down to a temperature in
S the range of a room temperature to 200 °C, i.e. a
temperature lower than the heating temperature.
Subsequently, the wafer is taken out from the cooled
apparatus, and after cleaned and dried, it is accommodated
into the apparatus again to be subjected to the following
process of forming the second ion-implanted layer.
[0041] <Process of forming second ion-implanted layer>
In the process of forming the second ion-implanted
layer, as shown in Fig. 1l(c), the second oxygen ions are
& implanted from the surface of the wafer 11 to form the
second ion—implanted amorphous layer 13 continucusly to the
first ion-implanted layer 12 containing highly concentrated
oxygen on the surface side of the wafer 11. The second
ion-implanted layer 13 overlaps with an upper portion of
the first ion-implanted layer 12, resulting in an amorphous
layer containing highly concentrated oxygen therewithin.
[0042] The second ion-implanted layer 13 is formed by

implanting oxygen ions through irradiating a beam from the
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the range of a roomtenperature to 200 C, i.e. a tenperature |ower than the
heating tenperature. Subsequently, the wafer is taken out fromthe cool ed

" apparatus, and after cleaned and dried, it is accommbdated into the
apparatus again to be subjected to the follow ng process of formng the
second ion-inplanted | ayer. [0041] <Process of form ng second ion-inplanted
layer> In the process of formng the second ion-inplanted layer, as shown

Fi 1 h d f h f f th
e eLgll TG0 10 CRE O ohd | Thl S Bl B phoKReF b 19540 fﬁugusfye
tot ted 2 hi ghl
on the surdStEb RO SR g tc°”ta%'a”%1 B Tt %éﬁ‘?‘% o 13
over | aps %é{h "GHPPE w&oréw fle thec{issiol Onfhf@'a%%kﬁqldet%&g .

resulting in anor phous ayer co alnl ghl'y ctoncen

therew t hi n. cgﬁg Jed by
|nplant|ng oxy en |onsfﬁ%rou irra £?+%3£§d%ean1 ron1¢h%{%% surface of the

waf er 11 Spy@3i 0 hav gﬁ%, éygﬁ éﬂg% rfaace of the
waf er e s]tecond gg%t% beelairllnéa%shgﬁ ovvesr the?hn C{C{#ew}l rstnsﬂgec%?h The

above- ”E“t %ﬁ?@h f%ﬁ@sﬂ@eI£EM“tEb”lk@@lﬁﬂﬁﬁﬁé9Qﬁﬁ'5 prBrar¥Byumkshat e.

[ 0043] The ove- nenti oned second dose anount of oxygen ionS 1s 1x1014 to

1x10° 6 at %/Pﬂﬁompa%ﬁé@em | Hd Fedsdnl %A1 6 1Al QBRI doHe ARARAN Why the
second dose anmount is limted to 1x1014 to 1x10'6 atons/cnR is that if it
is is limited to 1x10 to 1x10'¢ atoms/cm? is that if it is
less than 1x10' atoms/cm?, there may occur a problem that
\;: the second ion-implanted layer 13 in an amorphous state is
not formed, whereas if it exceeds 1x10'® atoms/cm?, there
may occur a problem that a temperature of the wafer 11
rises too high due to a long irradiation time of the beam.
[0044] In addition, the second ion-implanted layer 13
of amorphous having a peak of the ion implantation in the
second depth targeting at 250 to 500 nm, preferably at 300
to 400 nm from the surface of the wafer 11 is formed
continuously to the plane on a wafer surface side of the
first ion-implanted layer 12 having the peak of the ion
implantation at the first depth in parallel to the surface
of the wafer 11. In order to achieve this, the second
implantation energy 1s set to 135 to 230 keV lower than the
first implantation enerqgy, preferably to 145 to 220 keV.
[0045] Note herein that, in this process of forming
the second ion-implanted layer, an oxygen ion implantation
is performed not with a single implantation step but with a

plurality of implantation steps, preferably may be
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| ess than 1x1014 atons/cn2, there may occur a problemthat the second
ion-inplanted layer 13 in an anorphous state is not forned, whereas if it
exceeds 1x1016 atons/cnR, there nmay occur a problemthat a tenperature of
the wafer 11 rises too high due to a long irradiation tinme of the beam
[0044] In addition, the second ion-inplanted |layer 13 of anorphous having a
peak of the ion inplantation in the second depth targeting at 250 to 500

i f 300 40 f h f f th f Lis f d
BT BTk L O i HLRER01 LS YTy S Torme
i on-i npl I i f. I Ny i t..the first
o TP e | et 2Dy 0 BAE Sbaln 81 Ol mLggall g gLt 1o

the secondsed MpoaMiaLion EHSLIY. | %ax%%rta%%gitgl%zgtg&klg?\éa!%ﬁﬁ%é he

first inplantation energy, pre ably to _ _ Not e herein
that, in thisSrPFRCeSsn Ofnd OB O3 ?oﬁ&&P”Préxﬁ“ﬁlﬁéﬂ&ﬁé?ﬁ’.éﬁ@ﬁg% an oxygen
ngle inp p

ion inplantation 1s perfornmed not th a si antation s but with

a plural iy, pint Pl SNtEd 1 Ok SE EPSes Pr SAEFSP| YnByn P Zdn Sepafat el y
performed with two inplantation Steps. In is case, an average of the

second i nptaddat i DH ERSF Gyl Aht ey B&hs tOh 138 t 9 2303 KkeY. o Fiief ek ahl y, the

i nplantation may be performed in the ascending order fromthe | owest energy
i mpl ant at i Dilct@adder Nimhesicenesgyof MA@ | Daye T hES, I £8§ ol Sovdat

inmplanting ions in the ascending order can increase filmthickness of the

BOX | ayer {lpe @helédpridyebreakdown characteristic of the BOX layer 15.
By making the value of the second implantation energy

Q;§ relatively smaller than the wvalue of the first implantation
energy, which is, however, within the range of values not
less than a certain fixed value, the value obtained by
deducting the second implantation energy from the first
implantation energy is increased, and a distance between
the peaks of the first ion-implanted layer 12 and the
second ion-implanted layer 13 1is increased. For this
reason, variation in the depth direction of the BOX layer
forming area is increased, so that there may occur a

. problem that the roughness Rms of the measurement area of
10 square micrometers in the surface of the SOI layer 16
and the roughness Rms of the measurement area of 10 square
micrometers in the interface between the S0I layer 16 and
the BOX layer 15 of the wafer are increased. Similarly, if
the value obtained by deducting the second implantation
energy from the first implantation energy is increased, a
width of the BOX layer forming area is also increased. For

this reason, the oxygen precipitate densities within the
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the dielectric breakdown characteristic of the BOX | ayer 15. By making the
val ue of the second inplantation energy relatively snmaller than the val ue
of the first inplantation energy, which is, however, within the range of
values not |ess than a certain fixed value, the val ue obtained by

deducting the second inplantation energy fromthe first inplantation energy
is increased, and a distance between the peaks of the first ion-inplanted

| ayer 12 and the second ion-inplanted |layer 13 is increased. For this
reason, vafi&BFoRnfnSeReNdebPR-&FPLEREEBA SRYERE BOXapdyes aFSrning area is

|ncreased so that there ccur . a ro en1that t he roughness Rns of the
neasurenen@eﬁFEQSS@ lggaé?geﬁiEFoﬁﬁg Pn tPheedirragengrathenset | ayer

16 and the hnes nt ar of _10 are mcroneters
in the intﬁ? nbéF;EgHBt % g6§nﬁﬁﬁﬁr ?ﬁe 3%9 9%0 of the waf er

are increased S|n1 a the v

|nplantat|5ﬁa58ﬂ5r8 ?F%ﬁ?ghgb? ?ét #ﬁgF %%: gg%egﬁg g FsrPﬁgbgggégcogd
width of the.BOKC! gust Loraingearsa b9ialsg boguaaseds for chhi gogeason, the

oxygen preC|p| ensi |es mnt and 'second 1on-rmpl ant ed

layers 12 39913, rethgeﬁéfagegbtgghgatgg GighbeRAgeLRLegbaongduce

generat| on O fcon I Sl an ased on two

reasons_de§ﬁ?1?ﬁgagpﬁﬁeenégg?ag gmtgh%eﬁygﬁttQ%&igﬁggﬂﬁﬁﬁ eﬁ?gg vaFue

gene_ratlon 0 e _Sl I con | s wthin t ayer
obtai ned by.dedycthngot B REFONHreferably 10 to 20 kev.

[0046] As described above, the second implantation
ky; energy is set to be lower than the first implantation
energy in the process of forming the first ion-implanted
layer 12, and the value obtained by deducting the second
implantation energy from the first implantation energy is
set to 10 to 30 keV, so that the roughness Rms of the
measurement area of 10 square micrometers in the surface of
the S0I layer 16 of SIMOX wafer 10 and the roughness Rms of
the measurement area of 10 square micrometers in the
interface between the SO0I layer 16 and the BOX layer 15 of
O the wafer can be further reduced, respectively, which makes
N
it possible to provide the SIMOX wafer 10 in which the
dielectric breakdown characteristic of the BOX layer 15 is
improved.
[0047] Incidentally, after completing the process of
forming the second ion-implanted layer, the wafer 11 in
which the first and second ion-implanted layers 12 and 13
are formed is taken out from the apparatus, and after

cleaned and dried, it is accommodated into an annheal
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inpl antation energy fromthe first inplantation energy is set to 10 to 30
keV, preferably 10 to 20 keV. [0046] As descri bed above, the second
“inmplantation energy is set to be lower than the first inplantation energy
in the process of formng the first ion-inplanted |ayer 12, and the val ue
obt ai ned by deducting the second inplantation energy fromthe first

i npl antation energy is set to 10 to 30 keV, so that the roughness Rnms of

t he neasupenent a uare mcro S inh the surface o t he SO
| ayer 16 of é%a% %%ﬁ the ?oE@%nggﬁi?m%n%fhl?%e£ﬁ%8§5? HEfit area of

10 square nl o] e interface between the SO |ayer 16 and the BOX
| ayer 15 o % QFé #ﬁ?ngé%r%% €¥%r t her reduced, respectively, which nmakes it

ible t de t t t b kd
B et QoPaSY] fhe%@n“%éﬁ%ﬂt@ LS S aG L O eakdom
corrpl eting the gg?ocm@,rpf he éerf Cﬂ? J&dé}ﬂgé @I%e[geé@yer t he wafer
ayers

11 in which the tirst sec n |on i npla and” 13 are forned

S taken oufeltRONENSrapOALaLYs, BRO-ALL et rCéS@?%g%gxg& ghied

acconmodat ed I nto an annea nace to to thea¥%%lomjng hi gh
tenperat urg, hegiqghreah F[H@f‘ét@fc@cl‘?éét £ P048h et gh aﬁr@eﬁ@éﬁ@r@eat treat ment

process> As shown in , hi gh tenperature heat eat nent process
is a processntoinshd] 8£v4eN wetmflefoﬁ{a the first and second ion-
implanted layers 12 and 13 into the BOX layer 15. As shown
in Fig. 2(c), the BOX layer 15 to be formed is composed of
qu the first BOX layer 15a formed by transformation of the
first ion-implanted layer 12 containing highly concentrated
oxygen, and a second BOX layer 15b which is formed in an
upper portion of this first BOX layer 15a and formed by
transformation of the second ion-implanted layer 13
resulting from a contribution of oxygen in the atmosphere
containing oxygen of the heat treatment to the second ion-
implanted amorphous layer 13.
[0049] The first BOX layer 15a and the second BOX
layer 15b due to the high temperature heat treatment is
formed by the high temperature treatment in such a way that
the wafer 11 having the first and second ion-implanted
layers 12 and 13 formed therein is accommodated into the
anneal furnace {(not shown), a temperature inside this
furnace is railsed to a temperature in the range of 1300 °C
to less than a silicon melting point, preferably 1320 to

1350 °C, the wafer 11 is held for 6 to 36 hours, preferably

for 12 to 24 hours while keeping this temperature, and is
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to a high tenperature heat treatnment in an atnosphere containing oxygen to
transformthe first and second ion- inplanted |layers 12 and 13 into the BOX
| ayer 15. As shown in Fig. 2(c), the BOX |ayer 15 to be fornmed is conposed
of the first BOX | ayer 15a fornmed by transformation of the first
ion-inplanted | ayer 12 containing highly concentrated oxygen, and a second
BOX | ayer 15b which is formed in an upper portion of this first BOX | ayer

15a and fo€ﬂgg nglé ag &$r93t30908$ EQ&$%§§gggeion-inplanted | ayer 13
u g

resulting Troma contri i 6n of " 0Xygeén € at nosphere containi ng oxygen
of the heatppegat ment 4 t ‘ﬁﬁfqﬁgii = Al A nggj er 13.

[ 0049] Thetfirs? BOX Iayeﬁn%%a an ﬁgﬁgé%gﬁggg%§gnlayéf 1 E%%% to the high
tenper at ur g.h8ata 6 8aL N8N 14 StedOLgEY Qam$éfa@ﬁ9@ {BNPREALHL G L fRAT MENL (N
such a way that the wafer 11 having the Tirst and second 1 on-inpl anted

layers 12 apgo18cfesnedsshenghnths accossRdabedih§tgoihe 13npgat furnace
(not shown), a tenperature inside this furnace iS raised to a tenperature

in the rangeseb1¢809 &hdt@rdbwssgtHanthe Sbkigon prLEipOLtROESt arpref erably
1320 to 1350 C, the wafer 11 is held for 6 to 36 hours, preferably for 12

to 24 hour snyhifeckeepi 89 & htempenpenps ul €ssanllanhsi240t henag@oherdighwn to a
roomtenperature. [0050] The reason why the above-nenti oned furnace
t enper at urguasitynBoedliipen 1Enpen@dtirieei fothedt amje dfeask30@Hy tithd ess t han

the silicon nelting point is that :
above-mentioned holding time is limited to 6 to 36 hours is
that if it is less than 6 hours, dissolving and growing of
ij/ the oxygen precipitates are insufficient, and thus a high-
quality BOX layer 15 cannot be formed, whereas if it
exceeds 36 hours, the manufacturing efficiency is decreased,
and the productivity is decreased. The above-mentioned
atmosphere in the furnace during the temperature rise is a
mixed atmosphere of inert gas, such as argon, nitrogen (N:)
containing oxygen of 0.5 to 5.0 volume %, preferably 0.5 to
1.0 volume %. The above~mentioned atmosphere in the
furnace after the temperature rise is an atmosphere
containing oxygen of an oxygen gas of 5 to 100 volume %,
preferably 10 to 50 wvolume %, containing inert gas, such as
argon or nitrogen.
[0051] Specifically, as shown in Fig. 2({a}, firstly,
when the temperature rise begins, the oxygen precipitate
(8i02) grows from a lower part of the first ionfimplanted
layer 12 containing highly concentrated oxygen, and begins
to transform into the first BOX layer 15a. Meanwhile,

since the second ion~implanted amorphous layer 13 contains
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di-ssol ving and growi ng of the oxygen precipitates are insufficient at a
tenperature |l ess than 1300 C and a high- quality BOX | ayer 15 cannot be
formed. The reason why the above-nentioned holding tine is limted to 6 to
36 hours is that if it is less than 6 hours, dissolving and growi ng of the
oxygen precipitates are insufficient, and thus a high- quality BOX | ayer 15
cannot be formed, whereas if it exceeds 36 hours, the manufacturing
efficiency js decreased, and the productivjty, is decreased,_ The

above- mentFoHElY GRMRRINHER & rP%l B iR Hich iy TReCi et bt i blPRse is a
oxygen of B8 18 B Greheigoth B iy tedins 000 e S9lam

o roepher CLASHETT NG Gebtn tven bhygmn o & tolhouibbtche 5 - o
Pt ogon. Th e Rt Tt ot e A G AR SR LT oD ¥ B ¢ e
tenper at Urﬁh{éﬁ&l@f@ﬁ%{geﬁ%ée%weé‘efé@%ﬂc%% €4 (S %c%%r%&vﬁaé roma | ower

part of the Tirst Ton-l | ayer ofit al ni ng y concentrat ed
oHOEn IR AR Sl acha el oot B by don g |
oy S0 PP Mo T v o s oo ctoptoccRg,
contai ni NG, & POl yhSi tdfeMrature rising, oxygen in the atmosphere
containing oxygen enters the wafer 11 from the front and
EMJ rear sides of the wafer 11 to be diffused within the wafer
11, and gathers in the high-density defect layer 14 to
precipitate as S5i0;. As described above, the high-density
defect layer 14 changes into the second BOX layer 15b
continuously to the first BOX layer 15a. Thus, as shown in
Fig. 2{c), the first BOX layer 1l5a and the second BOX layer
15b are formed.
[0052] The growth of the BOX layer 15 is that small
oxygen precipitates gather in greater ¢xygen precipitates,
are absorbed therein, and then disappear, and this is
called Ostwald growth.
[0053] When the first implantation energy in the
process of forming the first ion-implanted layer is a low
value of less than 165 keV, the first ion-implanted layer
12 and the second ion-implanted layer 13 are formed in a
position shaliow from the surface of the wafer 1l. For

this reason, it is considered that a ratio for oxygen in

the atmosphere containing oxygen to contribute to formation
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twin, or an oxidation-induced stacking fault. An area in which this

hi gh-density defect layer 14 is formed has a property that oxygen
precipitates easily. Next, as shown in Fig. 2(b), during holding it at the
constant tenperature after the tenperature rising, oxygen in the atnosphere
cont ai ni ng oxygen enters the wafer 11 fromthe front and rear sides of the
wafer 11 to be diffused within the wafer 11, and gathers in the

hi gh-density defect layer 14 to precipitate as Si2. As described above,

the hi gh- ®*&hsths Ow%tpqw&ltﬂt%@r@w;wotwﬁ%cwla@é|Ja§/er 15b

continuousjlt toslh fir tqgeOXIae 15a. Thurs %E%?t]m?mn@dmf? g t he
first BOX t &e&%&{ ]aﬁﬁéﬁ" Iy ] The
grow h of the B Ia er 15 is at 0X r itates gath

reater oxYQEH Kok aqpééoseihfe %gﬁ' tﬂl ‘?%ytjﬁ%?F 2 %r and
?his i's Ile q: o] H% &9053 When [ atloﬁ energy in
t he procesasrl Vr\ﬁﬁh }%1 5 I%t roeh a]{@% 4%? % Vi ue of

! ess t hann%pega keV lg%ec fﬂﬂétrd%d{ég)g aﬂﬁsedlg aflne re% nd 1;th¢;:\L second

ion-inpla ’Iayer are for n a position s owfromthe surface of
the waf er d Nt e&?é’rﬂzod nilSs £ L et d rLarH for oxygen in
t he atnnsﬁ%%}e coﬁ%alnlng 40 contr|%3$ %E ¢Eﬁ fkflon of the oxygen
P;}e/g'r plltégt%% [l%;%ﬁ%org%é S tydS 14 Na{EasRd, Bé}{‘dlawl@r spgond BOX
affects the surface of the SOI layer 16, and the roughness
of the surface of the SOOI layer 16 is also increased.
./ [0054] Cn the contrary, when the first implantation
energy in the process of forﬁing the first ion-implanted
layer is a high wvalue of 165 keV or more, the first ion-
implanted layer 12 and the second ilon-implanted layer 13
are formed in the first depth comparatively deep from the
surface of the wafer 11.
[0055] .For this reason, as shown in Fig. 2(a), in an
early stage of holding it at the constant temperature
during temperature rise and after temperature rise, the
first BOX layer 1l5a is formed previously, so that a ratio
for the second BOX layer 15b to contribute to the formation
of the oxygen precipitate composing the BOX layer 15 is
decreased. As a result of this, it is considered that
since the second BOX layer 15b and the first BOX layer 1lba
are not opposed to each other, and variation in the depth
direction of the BOX layer 15 is decreased, the roughness

Rms is decreased.

[0056] Based on the above-mentioned reason, the first
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| ayer 15a are opposed to each other to thereby increase the variation in
the depth direction of the BOX |ayer formng area, so that the roughness
"Rms is increased. It is considered that the roughness Rrs generated in this
interface between the SO |ayer 16 and the BOX | ayer 15 affects the surface
of the SO I|ayer 16, and the roughness of the surface of the SO |ayer 16
is also increased. [0054] On the contrary, when the first inplantation

energy in the_process of formng the first ion-inplanted |ayer is a high
val ue of 16BPkeVCRELADrenciey $5rseti bA-aj hpphnerareyyef 195ahka 2A8 second

ion-inplanted layer 13 are forned in the first depth conparatively deep
fromthe éﬁyfaéégoFﬁ?héeﬂ%Pér1@Efa?§®§5TnF%FQFﬁVSE?e§§5220a§h§homn in Fig.

Cemper ot ur EnPFAR AR AT FRF™ ERporArSE o FPLENCREEOR CPEFIROX Ayor 150 16
cont 11 but 6FBCEHECH of HRLPont P51 SRR of§58h PREGTRPars Eokposi ng L he BOX
{he. second BB e B 16t BhacPna FPFEr ot Hhe, PO, ERkEHc LRl ocal 1o°
Gocr oased, "ERRCe ohhRnee @npfst EnGaRE ond hEFThBtBhe RBeBrb gt '

above- ment Lanede £a0Bnet 0Ps! LhStne 28uk FRLENLR LAD 8BET Gyb? 28'ahA 2 Nigh
ener gy of to
the roughness Rms of the measurement area of 10 square

- micrometers in the interface between the SOI layer 16 and

!
ey

the BOX layer 15 of the wafer, respectively. Particles on
the surface of the wafer 10 can be measured by reducing the
roughness Rms. In addition, the SIMOX wafer 10 that
realizes improvement of the dielectric breakdown
characteristic of the BOX layer 15 can be obtained.
EXAMPILES
[0057] Next, an example of the present invention will
be described in detail with a comparative example.
[0058] <Examples 1-1 through 1-6, Comparative examples
{ 1-1 and 1-2>
As shown in Fig. 1, there was prepared a silicon
wafer 11 which is a P-type silicon wafer of which diameter
is 300 mm, crystal orientation is <100>, and resistivity is
10 to 20 ohm-cm. Firstly, after accommodating the wafer 11
in the ion implanter, the inside of the apparatus was made
a vacuum state and the temperature inside the apparatus was
heated to 400 °C.

{0059] Next, ion implantation of oxygen ions (0') was

28



keV, and the second inplantation energy is set to the energy |lower than the
first inplantation energy. As described above, the SIMOX wafer obtained by
‘the manufacturing method according to the present invention can reduce the
roughness Rns of the neasurenent area of 10 square microneters in the
surface of the SO |ayer 16 and the roughness Rrs of the neasurenent area
of 10 square mcroneters in the interface between the SO |ayer 16 and the

BOK 1 ayer 1n.0lodie, vR{Sr cfegbegti el Fadi o e a Lbensychace af (he

wafer 10 c asured by reduci’hg f olghhess tion, the
SI MOX waf er X t. i ze: 'qﬁggy f I trs

charact eri st }%% tjhmég%#ﬁioé}' cmoﬁb%%?ﬁse%ﬂ%&ﬁ:% ?’g%g%mNext ,
an exanpl e of Uit B o6ENy MENOnNA 1 hfe.dosrnidethd T el | i 2
conparative exé%%?e. 0058f'<Exa§%les 1-1E$§?oug 1-6, qﬁ%%%ati%e exanpl es

1-1 and 1-2p5 AS shyeh ide il O do 4 heng vashdvaparedR gid isoravafer 11
which is a P-type silicon wafer of which dianmeter 1is 300 mm crystal

orientati onies wilfld>, 1 ANfhd e/l SRy t Yhie¥eak@ i) 2@ OR@pAraftiet |y, after
acconmodating the wafer 11 in the ion inplanter, the inside of the

apparat us vass ilderhea MAEAmESd atfs Qfﬁblélﬁ dcﬁﬁfpe&cﬁt@rl%drﬂsﬂéi@)éf&@p@ﬁr atus
was heated to 400 C. [0059] Next, ion inplantation of oxygen ions (O) was
28 [0060] Next, the wafer 11 was taken out from the

apparatus to be cleaned. After drying the cleaned wafer 11,

it was accommodated into the apparatus again. Subsequently,

ion implantation of oxygen ions (0O') was performed in a

0*° atoms/cm? with a second

second dose amount of 6xl
implantation energy 10 keV lower than the value of the
first implantation energy from the surface of the wafer 11,
and a second ion-implanted layer 13 having a peak at the
second depth of 0.3 to 0.4 micrometers from the surface of
the wafer 11 was formed in such a manner as to partially
overlap with the first ion-implanted layer 12 on the
surface side of the wafer 11. Thereafter, the temperature
. inside the apparatus was cooled down to a room temperature.
[0061] Further, the wafer 11 was taken out from the
inside of the apparatus to be cleaned. After drying each
cleaned wafer 11, it was accommodated intoc a vertical
furnace. Subsequently, the temperature inside the furnace
was raised to 1300 °C. In addition, the atmosphere inside
the furnace was controlled by a mass flow controller so

that oxygen might be 50 volume % and argon 50 volume %

therein to form an atmosphere containing oxygen.
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performed in a first dose anount of 2.5x1017 atonms/cn2 with a first

i nptantation energy fromthe surface of the wafer 11, and a first
ion-inplanted | ayer 12 having a peak at the first depth of 0.4 to 0.5

m croneters fromthe surface of the wafer 11 was fornmed. Thereafter, the
tenperature inside the apparatus was cooled down to a room tenperature.

[ 0060] Next, the wafer 11 was taken out fromthe apparatus to be cleaned.
After drying the cleaned wafer 11, it was acconmodated into the apparatus

o st WD LR W I
10 \/ o
10 ke Voterthanathe Yabue e oLl oL o8t auien Srekgpl iomane

at the secqp d ﬁ@%QeOEogtglhqngh g%%pne§ﬁéfe£g ”LtQ?MéerQ§8r EO the

wafer 11 was as to overlap wth the first

i on- |nplant%gvh%&e%h%25@§ H%?ersﬁﬁf%ﬁ%r%'ﬂ g%gobgeéﬁﬁﬁi 11. Thereafter, t he

tenperature 1nsi de the apparat us was coo wn to a roomtenperat ure.

[0061] FUF”I%foe:s#he vaf e 1pues-hakeloRbl éémghef tRsi derof the apparatus
to be cleaned. After drying each cleaned wafer 11, it was accommodated into

a vertical f’nga'l@@ﬁ%tlgﬂb%%@'i%’}t hidret Ratt eppaisat wek,i nFadethe 1fdsr nage  was
rai sed to 130 In addition, the atnosphere inside the furnace was

control | ed hy2axewss 1flleowegontisol kerr, sasat haty, 0xy@en s glaty,be 50 vol unes and
argon 50 volune % therein to forman atnosphere contai ning oxygen.
respectively, and the SIMOX wafers 10 obtained with the
. above-mentioned methods are referred to as Examples 1-1
through 1-6, and Comparative examples 1-1 and 1-2,
respectively.
[0064] <Examples 2-~1 through 2-4>
There was obtained a SIMOX wafer 10 in a manner
similar to that of Examples 1-1 through 1-6 and Comparative
examples 1-1 and 1-2 except that ion implantation was
changed from a single implantation step to double
implantation steps in the process of forming the first ion-
implanted layer, oxygen ions {(0O') in the first step was set
{;1 to 1.25x10'" atoms/cm’ and oxygen ions (0') in the second
step was set to 1.25x10' atoms/cm®, the averages of first
implantation energy of the first step and the second step
were set to 172 keV, 176 keV, 180 keV, and 184 keV,
respectively, and the value obtained by deducting the first
implantation energy of the second step from the first
implantation energy of the first step was set to 8 keV.
The SIMOX wafers 10 obtained by the above-mentioned methods

are referred to as Examples 2-1 through 2-4, respectively.
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29- [ 0062] The wafer 11 was held for 8 hours while keeping the tenperature
inside the furnace at 1300 C under this atnosphere containing oxygen.
Thereby, a SIMOX wafer 10 having the BOX | ayer 15 therein was obtained.
[ 0063] The above-nentioned values of the first inplantation energy were set
to 160 keV, 164 keV, 168 keVv, 172 keV, 176 keV, 180 keV, 184 keV, and 188
keV, respectively, and the SIMOX wafers 10 obtained wth the
above-nmenti gned net hods_are Eeferred to as_Exanples 1-1 i ~i through 1-6,
and Conpar atife lexanpl €&X30R 187311 2and; dsp&ct i vel y. [0064] <Exanpl es 2-1
t hrough 2-4> The&ﬁ was obtah%ed a SIN%% mgfer 10 E a manner simlar to
that of Exanpl es [2€¥¢ WASuGRT218%8nd ESNPar ¥REeE 18xaRpPelailerand 1-2
except that .iaon_inplantatio S han gg froma.single bpg#gntation step to
doubl e inﬁllgﬁagﬁn%‘r? §{h s 9 n%@p}e&cgs B Rl e A e
i npl anted | , gen_iaons O, in.the first . was set . tao 1.25x1017
at ons/ cnZ 5%%3%%§§2ﬁ ﬁoﬁ?%(% F%CF§5 5 @gnéﬁm%ﬁépEﬂhéﬁgé@nggtf9?5xlo'7
atons /cnZ,  the.Aygla f. =S i mpl ion . rgy,+of th %i tep and
the second gte%yamefeggzt%Pozf;Z%fgbnggg&&éggzfgﬁgkgé{?aﬁﬁ ﬁg Egbéﬁ_
respecti vel sea%%ohgx% V%'s“%ectbtt%' ned Hyrdeguetl gyt Ne TSt rdduyanation
energy of the second step fromthe first
forming the first ion-implanted layer, and the second
implantation energy was set to the values provided by
respectively deducting 15 keV and 20 keV from the above-
mentioned first implantation energy of 205 keV and oxygen
ions (0") of the second dose amount was set to 6x10%°
atoms/cm’ in the process of forming the second ion-
implanted layer. The SIMOX wafers 10 obtained with the
above-mentioned methods are referred to as Examples 3-1 and
3-2, respectively.
[0066] <Comparative testing and evaluation>
The roughness Rms of the measurement area of 10
square micrometers in the surface of the S0I layer of the
Q;} SIMOX wafer of each of Examples 1-1 through 3-2, and
Comparative examples 1-1 and 1-2 was measured with an AFM
(Atomic Force Microsceope). In addition, the dielectric
breakdown characteristic of the BOX layer was evaluated
using a dielectric breakdown tester. Further, the SOI
layer of the SIMOX wafer was etched by potassium hydroxide
(KOH) , and then the roughness Rms of the measurement area

of 10 square micrometers in the interface between the SOI

layer and the BOX layer was measured with the AFM. These
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i npl antation energy of the first step was set to 8 keV. The SIMOX wafers 10
- obt ai ned by the above-nentioned nethods are referred to as Exanples 2-1

t hrough 2-4, respectively. 30 [0065] <Exanples 3-1 and 3-2> There was
obtained a SIMOX wafer 10 in a manner simlar to that of Exanples 1-1

t hrough 1-6 and Conparative exanples 1-1 and 1-2 except that the first

i nplantation energy was set to 205 keV and oxygen ions (0+) of the first

dose amounto s, sel L Oshoms 10 7F%é9n§/ﬁﬂ¥oﬁ$%% faProcess; of 4 TQLLO the

first ion-Tnpla ayer, an second anfat i on "ehergy wWas set to

the val uestREOMLdRg) bY 1 LespRELLYE! Y- Beduchl asyda. keyand. Zipkie from the

above- nentione rst 1nplantatfon energy o nd oxygen “ions (Ot)

of the secopd dose RIPUNE, AZa%ET oL 026X 10Pough0aBACNEnENFi e Br 9HgSsS of
form ng the second igg- inpla%t%de%ayer. T%%u I MOX wa %?s 1 obtaﬁﬁed W th

the aboverggnt7onedangtBods-argngesesred to as Exanples 3-1 and 3-2,
respectively. [0066] <Conparative testing and eval uati on> The roughness Rns

of the neagopement ar egs ofs 1ol eH6URFEN MHICTBPRSBE Snd the thewnswf ace of the SO
| ayer of the SIMOX wafer of each of Exanples 1-1 through 3-2, and

Conpar at i VEx&iahps es-1- thasdgl - P-dpsan@asonsdr i i fie a8x AL e 6 AL oM gnffor ce
M croscope). In addition, the dielectric breakdown characteristic of the
BOX | ayer w8 skWakwnaiedrFigsi 6gan, dvkeércthécfbreaktophathesteéon Euetrbher, the
- was 165 keV or more, the roughness Rms of the measurement

area of 10 square micrometers in the surface of the SOOI

layer indicated the value of 4 angstroms or less. As is

clear from an approximate line of Examples 1-1 through 1-6,
and the Comparative examples 1-1 and 1-2 shown in Fig. 4(b),.
when the first implantation energy was 165 keV or more, the
roughness Rms of the measurement area of ld square

micrometers in the interface between the S0I layer and the

BOX layer indicated the value of 4 angstroms or less. As a
result, when the first implantation energy is less than 165
keV, the roughness Rms of the measurement area of 10 square
micrometers will exceed 4 angstroms, and thus it turned out
that the first implantation energy may be set to 165 keV or
more.

[0068] As is clear from an approximate line of

Examples 2-1 through 2-4 shown in Fig. 5(a), when the

average of the first and second implantations of the first
implantation energy was 165 keV or more, the roughness Rms

of the measurement area of 10 square micrometers in the

surface of the SOI layer indicated the value of 4 angstroms
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| ayer of the SI MOX wafer was etched by potassi um hydroxide (KOH), and then
t he roughness Rnms of the neasurenent area of 10 square mcroneters in the
“interface between the SO |ayer and the BOX | ayer was nmeasured with the
AFM These 31 results are shown in Fig. 4 through Fig. 7. Fig. 4 shows the
Exanpl es 1-1 through 1-6, and Conparative exanples 1-1 and 1-2; Fig. 5,
Exanpl es 2-1 through 2-4; and Fig. 6 and Fig. 7, Exanples 3-1 and 3-2.
[0067] As is ilear froman approxi mate line of, Exanples 1-1 through 1-6,

and Corpar@fi ¥&8Sexafp] € FIFEE TR ARRRFGHIAE 40 o WBHRMNET i r st
mbsur enert-L aFSEOUTE 184 oRRPE 1 Bt of ' PHETSOAF aRECLFOEhRLSER® | ayer
e or Bt bert Errindoithl 8faflohFr8e LRe Pirft cPnlrslaelafPlon 175
shown 0 Fige 4(b),. 1en, L Ligstc! Mphany aLien. epesgy ues, 4g5 keV or mre,

the roughnéss e neasurenent area square m neters in the

[ nterface el yeetnlie g%a'@ye{oagmgueéﬁghmﬁ%ﬁg@% I ndi epLed fhegyalue of 4

angstrons or result, e | antation energy is |ess

h 165
than %@yw?%ﬂetl‘ié"l@@f‘eféy&saﬂé Elg‘% dﬁ'@ﬁﬁ%‘éf@?”.‘in&i@é‘t@é @ttﬁ’%z{tﬂé'%g First

m crometers w exceed 4 angstrons, t turned out

i mpl antatiop engkgyt f&is DSr SeEst 0 X80 Ke\NlQlit, Mk dA068e A5 ithel ear from
an approxi mate |ine of

first and second implantations of the first implantation
energy 1is less than 165 keV, the surface of the SOI layer
roughness Rms of measurement area of 10 square micrometers
will exceed 4 angstroms, and thus it turned out that the
average of the first and second implantations of the first
implantation energy may be 165 keV or more.

[0069] From the result of Examples 3-1 and 3-2 shown
in Fig. 6(a), when the first implantation energy was 205
keV, the roughness Rms of the measurement area of 10 sguare
micrometers in the surface of the S0I layer indicated the
value of 2.8 angstroms when the value obtained by deducting
the second implantation energy from the first implantation
energy was 15 keV. Meanwhile, when it was 20 keV, the
value indicated 3.5 angstroms. From the result of Examples
3-1 and 3~2 shown in Fig. 6(b), when the first implantation
energy was 205 keV, the roughness Rms of the measurement
area of 10 square micrometers in the interface between the
SOI layer and the BOX layer shows the value of 2 angstroms
when the value cbtained by deducting the second

implantation energy from the first implantation energy was
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Exampl es 2-1 through 2-4 shown in Fig. 5(a), when the average of the first
-and second inplantations of the first inplantation energy was 165 keV or
nore, the roughness Rrs of the nmeasurenment area of 10 square mcronmeters in
the -surface of the SO |ayer indicated the value of 4 angstrons 32 or |ess.
As is clear froman approximate |ine of Exanples 2-1 through 2-4 shown in
Fig. 5(b), when the average of the first and second inplantations of the
first inplantation energy was 165 keV or nore, the roughness Rrs of the
measur enent? 3f¥a oMeppwWEdlgr e Wiicsr direti@ss 2i0n keNe ithiee ipetiwedec he SO
| ayer and the BOX | ayer indicated the value of 3 angstrons or less. As a
result, the 3RETEFEDf the first and second inplantations of the first

i npl ant at i energy is le t han 5 keV, the surface of the SO |ayer
roughness ﬁﬂ£7Qk meas GFEHe eaF@éuig ?g EEGHPE i Ordnéfer S~ aniSOYB ceed 4

Dl ant at [Bhg 61" e FITE AT b GRS 108 AP mor s
| 00581 Frnd e LU, S SIAPLEs B A% 53000 1 Bt B0 when the
o R O AL ] ST, B SUIAE LS eyl opated (he
oot LI SOR OGNS AR SELBNALNC sierof R IR L
result Ofvﬁﬁg@ﬁﬁ%%ved.
[0071] From the result of the above-mentioned examples
1-1 through 3-2, and Comparative examples 1-1 and 1-2, it
turned out that when the first dose amount in the process
of forming the first ion-implanted layer is set to 2x10*’
to 3x10'Y atoms/cwm®, by setting the first implantation
energy to 165 to 240 keV and the second dose amount in the
process of forming the second ion-implanted layer to 1x10'?
to 1x10'® atoms/cm®, the roughness Rms of the measurement
area of 10 square micrometers in the surface of the SOI
layer and the roughness Rms of the measurement area of 10
f_) square micrometers in the interface between the SOI layer
and the BOX layer can be reduced to 4 angstroms or less,
respectively, and the SIMOX wafer 10 that realizes
improvement of the dielectric breakdown characteristic of

the BOX layer 15 can be obtained.
[0072] Particularly, by setting the wvalue of the

second implantation energy in the process of forming the

second ion-implanted layer lower than that of the first
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3-1 and 3-2 shown in Fig. 6(b), when the first inplantation energy was 205
.keV, the roughness Rrs of the neasurenent area of 10 square mcroneters in
the interface between the SO layer and the BOX | ayer shows the value of 2
angstrons when the val ue obtained by deducting the second inplantation
energy fromthe first inplantation energy was 33 15 keV. Meanwhile, when it
was 20 keV, the value indicated 3 angstrons. [0070] Fromthe result of
Exanples 3-1 and 3-2 shown in Fig. 7, there was_ observed a tendency that
the | ar geriMRHEN AL IR GHheti hed byt e RIQGHT tHe SITHE ith aht&itt on” energy
fromthe fjrst, inpl antcflti on energy was,. the further the dielectric

br eakdown A IRETRT d e T h BT Ed T YaidtoWR:-2 3 1Y From t he

It of th bove- ti d I A-1 th h. 3- 2, d.Co ti
exanpl s ATUSIH I 24 19 i AN TS CHACRHRIETHE. T P81t RR0se Bount. i 1 the
process of formng the first jon-inplanted |ayer i.s set to %3)(1017 to
3x1017 at &ﬁ%‘?]cfiﬁi‘,an%f%e%rﬁ%yt%"e F 9D SRRy Yo o 240
keV and th d todmt : f '
on- { npl S YR a0 10 249} <5l d R M A R Lo o
t he neasur rgoxaj{] Pf‘ﬁ% i%tﬁﬂach?edﬁ croneters in the surface of the SO

e roughriess or t

| ayer and e neasurenent area of 10 square
m cronmeters in the interface between the SO |ayer and the BOX | ayer can be
reduced to 4 angstrons or |ess,
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respectively, and the SIMOX wafer 10 that realizes inprovenent of the

di el ectric breakdown characteristic of the BOX |layer 15 can be obtai ned.
[0072] Particularly, by setting the value of the second inplantation energy
in the process of formng the second ion-inplanted |ayer |ower than that of
the first 34 inplantation energy in the process of formng the first
ion-inplanted | ayer, and setting the val ue obtained by deducting the second

i npl ant at i fr first inplantation energy to a desired range,
t here was ovs§$3%%¥HgU$@%%gﬁ%y that the dielectric breakdown characteristic

of the BOX | ayer, was &2?%?K89'f§§ ﬁ?ﬁﬁFggtgkéthQ g%Fﬁ%.w?fg§thod for

manuf acturi ng a SI'MOX sequen y comprrsing e STépPS of: heating a

silicon “aﬂﬁgﬁﬁéhﬁiéfi %&E&*HfgﬂﬂthH%J§H%H% . 200 to 600 C and inplanting
I Wwth a first

oxygen ions o rst dose “anopunt inplantation energy froma

surface of the wakehinly0af QiMidohl LilrelrORdl BPI-ARLRG AN 1604l NG Ni ghly
concentrated oxygen at "a first depth fromthe surface of the wafer;” cooling

down the waferzgiawidGdded id in@-drmlNted gdViRing Jimad Adtergide to a
tenperature in the range of a roomtenperature to 200 C which is |ower than
t he heati ngmdierperiaiiure fandd NlpARN I IO R AN S ¥n & sReatJdase

the wafer to form a first ion-implanted layer containing

highly concentrated oxygen at a first depth from the

surface of the wafer;

— cooling down the wafer having the first ion-implanted
layer formed therein to a temperature in the range of a
room temperature to 200 °C which is lower than the heating
temperature and implanting oxydgen ions of a second dose
amount with a second implantation energy from the surface
of the wafer to form a second ion-implanted amorphous layer
continuously to the first ion-implanted lavyer on a surface
side of the wafer at a second depth from the surface of the
wafer wherein the second depth is shallower than the first

@ depth; and

subjecting the wafer to a high temperature heat
treatment in an atmosphere containing oxygen wherein the
wafer is maintained at a temperature not lower than 1300 °C
but lower than the melting point of silicon for 6 to 36
hours to change the first and second ion-implanted lavers
inte a BOX layer,

wherein a first dose amount in the step of forming

the first ion-implanted layer is set to 2x10Y7 to 3x10%

36



amunt with a second inplantation energy fromthe surface of the wafer to
form a second ion-inplanted anorphous | ayer continuously to the first
ion-inmplanted | ayer on a surface side of the wafer at a second depth from
the surface of the wafer wherein the second depth is shallower than the
first depth; and subjecting the wafer to a high tenperature heat treatnent
in an atnosphere contai ning oxygen wherein the wafer is nmaintained at a
tenperature not, | gwer than 1300 C, but | ower:- than the neltin oi nt -of
silicon f@&o@st/(?m?b £P|8u ST &ﬂahaeg?ﬁéofli ?g?rgﬁdl§eé%ﬁdtPog§5nﬁPant ed

| ayers int X | ayer, wherein a first dase anmount in st.ep of form ng
tho Tt r st A nkesl AREhe PEPERd sk B GTY 5 BEE ©F 39 G/ cre. t he
first inplantati r 1S _set 165 t.o. 240 keV, .apd a second dose
arount | n (e SECOR b F ot ARG (o Le0aInd 3 Gl i ARaH | et e set to
1x1014 toa%éﬁ%%% zatons/cn2. 2. The nethod of claim 1l wherein an oxygen ion
i npl antation i e step of formng the first ion-inplanted |ayer is

performed with a plurality of steps in the descending order fromthe
hi ghest energy i nplantation to the l'owest energy inplantation, and an

average of the bhirst 1japlaphahi gR enetgy1i fnkhe Rl Yhakit¥Af 18Heps is in

the range of 165 to 240 ﬁevb g. ?he net hod o% %ﬁaiﬁ1lbmké$eiﬁgan oxygen ion
implantation in the step of forming the first ion-implanted
layer is performed with 'a pluraiity of steps in the

e descending order from the highest energy implantation to

the lowest energy implantation, and an average of the first
implantation energy in the plurality of steps is in the

range of 165 to 240 keVv.

3. The method of claim 1 wherein an oxygen ion
implantation in the step of forming the second ion-implanted
layer is performed with a ﬁlurality of steps in the
ascending order from the lowest energy implantation to the
highest energy impléntaﬁion.

4, The method of any one of claims 1 through 3
wherein the second implantation energy in the step of
forming the second ion-impianted layer is lower than the
first implantation enefgy in the step of forming the first
ion-impianted layer, and a value obtained by deducting the
second implantation energy from the first implantation

energy is in the range of 10 to 30 keV.
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inplantation in the step of formng the second ion-inplanted |ayer is
performed with a plurality of steps in the ascending order fromthe | owest
_energy inplantation to the highest energy inplantation. y 4. The net hod of
any one of clainms 1 through 3 wherein the second inplantation energy in the
step of formng the second ion-inplanted layer is |ower than the first

i npl antation energy in the step of formng the first ion-inplanted |ayer,
and a val ue obtai ned by deducting the second inplantation energy fromthe

first inplantation ener is in the range of 10 to 30 keV. 37 5. A SI MOX
waf er manuf act ured byAtﬁgﬁ9§tW8§eSfm§HV%%Gﬁ§r8g B¥ait TeFHPSUQ% AD¥wher ei n

roughness Rnms 0 neasurenent .area qf 10 square mcr ters in a surface
of Oan SoCTaylr Sraitie I ERtah Soutinras L diers A fadbnt area of 10
square mcroneters in _an i rface bhetween thq: layer_an thejQOX | ayer

SA
t her eof afréea_furaeﬂrbeﬁﬁ' oarﬁseao:]ot eJSS_,Sql%easrpeeérflﬁ/re mye, Sd 4 ft i%ct5T Dr eakdown
character Iaﬁ‘} 'S(blOfl&M%% %@( ﬂhaé/%afesr 7an|\<4‘//§orﬂﬂne@§’ eRmS] o% a

measurement area of 10 square micrometers in an interface
between the S0I layer and the BOX layer thereof are 4
angstroms or less, respectively, and a dielectric breakdown

characteristic of the BOX layer is 7 MV/cm or more.

38





