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« 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
present invention relates to a nethod for manufacturing a SIMOX 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 |ayer MESHDOr et MANGFRCITURING SITNMOIXE WHFER aNDT&IIMJSOUM YR an oxi de
filmand a SIMOX wafer obtained by use of the nmethod. 2. Description of the
Rel ated Art [0002] Conventi coBtAINED VY NEf hodseimee been known as a met hod
for manufacturing an SO wafer, one is a bonding nethod in which two wafers
are bonded wth each other via an oxide film and the other is a SIMOX

met hod in which oxygen ions (O) are inplanted froma surface of the

sili con waBAFKGROUND T HHNINVENENed | ayer of a single crystal containing
hi ghly concentrated oxygen in a region of a predeterm ned depth within the
waf er, and ¢ hereldict g einventidpected to a heat treatnment to thereby
transform the ion-inplanted |layer into a buried oxide film (Buried OXi de:
her ei naf t ek00Q%kf err ed The ®¥eBERt dyaientiom rsdiatagafier avaadfhect ficgd by t he
SIMOX nmethod is particularl called a SIMOX wafer. [0003] The nethod for
nanufactLqu&pﬁqgﬁqymng(qwﬁﬁﬁoxuwaﬁgr based on a SIMOX (Separation by

IMplanted OXygen) technology among methods for
manufacturing an SOI (Silicon On Insulater) wafer in which
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] Conventiohally, two methods have been known as
a method for manufacturing an SOI 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 .
silicon wafer to form an ion-implanted layer of a siﬁgle
crystal containing highly concentrated oxygen in a region
of a predetermined dépth within the wafer, and then this
wafer is subjected to a heat treatment to thereby transform
the ion-implanted layer into a buried oxide film (Buried
OXide: hereinafter, referred to as BOX layer.). An SOOI
wafer manufactured by the SIMOX method is particularly
called a SIMOX wafer.

[0003] The method for manufacturing the SIMOX wafer at



LY

an initial devel opnent stage has been based on a high dose technology. This
met hod 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 fornmed within the wafer while keeping the wafer ion- inplanted
(as-inplanted),, .and then the wafer is subjected to a high tenperature
anneal i ng Breafyiddal Blpvediormesin shadsy htarsezh%htba%?%%taalh%? giase

gener at ed e er can be recovered, and,the BOX | a er can be
transforne&eqﬁﬂﬂi?ﬁyThe FRORehBP rfBEtQPHESaS§uFHP§ kP§hhddse ot‘séchnology,
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such that +@xygen Rl QR tuTR 3Rd 1M Snide Oyt RRigi | con
annealing treatment, a crystal defect generated in the SOI
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 ions,
so that there have been problems that many threading
dislocations occur in the SOI layer, a long ion
implantation time is required to thereby reduce
manufacturing efficiency. This threading dislocation leads
to a leakage current and detericration in a heterointerface
when a device 1s manufactured, so that there is a
possibility of preventing improvement in device performance
and performance of functionality.
[000G5] For that reason, in order to achieve a
reduction in threading dislocation generated in the 301
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
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« 2 wafer at the rate of about 3.5x1017 to 4.5x1017 atons /cnZ wth an
i npl antation energy of about 180 keV, and then the BOX |layer is forned
continuously in a plane direction parallel to the surface of the silicon
waf er by performng a high tenperature heat treatnment. In a case where
i npl antation energy is 180 keV, it is possible to formthe BOX |ayer

conti nuoustafdmn dthecipd anetalicecibon: BUstiel te 41 Bg10af ertcuy/fade only when
t he dose anpbunt is 3.5x1017 to 4.5x1017 atoms /cnZ. A range of a width of

t hi s dose vandurdn imp Xt en dasergw netdvabdine B MYeWal enid obiian nelde by thi s
| ow dose i nplantation technol ogy can reduce a threading dislocation density
i n the SOBGAyeyemnis chormenprowet imenus bt im i ango Bdfe cdeneytdue to t he
shortening of the ion inplantation tinme. [0006] However, since the SIMX
waf er obt dbaveall byl upe thd s Badeovw Hoske | sipl hovmatwafet echnodofyrhasga smal |
oxygen ion dose anount, a filmthickness of the BOX | ayer beconmes thin,

t her eby t HertlHastyreesrat probdieatt i reatnemt | i thp ¢f cadse WB®Xd ayer. In

addi tion, when the filmthickness of the formed BOX layer is thin, if a
particle adhekatableon engygicel HflihekaV4 i Eonl svapessdeke nige t Frerm obhe

i npl antati on this particle serves as a nmask, so that an uni npl antabl e
portion | PEastIYEHFRMBRIPUHLY hen i [Hhe i DAt RHE$GHED BaFaeke Wi E®in t he

silicon wafer. ile the ion-inplanted layer turns info the BOX | ayer by
anneal i ng YR HNFERR  SHHACR H1HY dtemb| 9T o rABEskHess a3 pphHol etPhat s

one kind o . .
J.BxlO” atoms/cm?. A range of a width of this dose amount

is called a dose window. The SIMOX wafer obtained by this
low dose implantation technology can reduce a threading
dislocation density in the S0OI layer, and can improve
manufacturing efficiency due to the shortening of the ion
implantation time.
[0006] However, since the SIMOX wafer obtained by use

- of this low dose implantation technology has a small oxygen
ion dose amount, a film thickness of the BOX layer becomes
thin, thereby there has been a problem in reliability of
the BOX layer. In addition, when the film thickness of the
formed BOX layer is thin, 1f 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 ion-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



3

« crystal defect of the BOX | ayer, thus degrading electrical 3 insulation
characteristics. There has been a problemthat the percentage of this

pi nhol e density is higher than that of a high dose SIMOX wafer, or the

i ke. [0007] Therefore, in order to inhibit the pinhole generation in the
BOX | ayer, there is proposed a nethod for manufacturing an SO substrate -
cal | ed an i 1 indrerated radther ineott i X dTthied®) hagc hre@OGY prioh Wi dhdthe i on
inplanted silicon wafer is subjected to annealing treatnent, and then it
is furthertluljentedage af dhiil zZihthdIeaderenity nis higiher tEogperthat e oxygen
at nosphere, and an SO substrate nmanufactured by the nethod (See Japanese
Unexam nedPaz énitgh Appge chM@h wald card ortheNol 1 k7- 263538 (claim 1, claim 6,
par agraph [0009], [0010], [0025], [0026], Fig. 1)). [0008] According to the
met hod di sid@sed i n JEparedereUndraminged Rot amhifgd itdwt indmbRdls i cation No.
HO7- 263538, first, oxygen ions are inplanted fromthe surface of the
silicon wietrezatite FatdaB@botayarl 0arers ohs/RIEPUWEHh 2 Heetheghl BR¥ ati on

energy of about 180 keV. Next, the wafer in _which the ion-inplanted | ayer
i s formed RANGIATEEIIRD 137 ShHE T a b fMerRd | 31 aH hef InfRED& mospher e
cont ai ni ngq ox$/ en of |less than 1% concentration t% ransformthe ion-

i npl ant ed %ot dael Box Q%ﬁ}'&?loﬁﬁﬂ e R etOR stmplanied

Uy ect od 10, e QL SIVEL 24t e U2 L SRLIENL oL S0 SLIOSPCEE e

waf er is %HPLﬁgtﬁﬁkéﬁéfrE%bjected to an oxidizing treatment in a high
temperature oxygen atmosphere, and an SOI 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 4x10'7 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% concentration. When the wafer is subjected to the

high-temperature oxidizing treatment, highly concentrated

oxygen in the atmosphere enters the wafer from front and



.high-tenperature oxidizing treatnment, highly concentrated oxygen in the

at nosphere enters the wafer fromfront and 4 rear surfaces of the wafer to
be diffused therein. When this oxygen stays in a boundary surface of the
BOX layer as SiQ2 to be stacked, the BOX | ayer grows, thus allow ng an
increase in filmthickness of the BOX |ayer. In an SI MOX wafer obtained by

t hi | TOX technol . Wh I, Q2 i t di. he |nterf ti f th
BOX | ayer R ee?;seoh ?&egt“éifiﬁ Ha@ﬁﬁveeteé%nﬁ%eé Er i 8 %e'nfgs& ting
in a reductiqn i i.nhol e densi ty.. Furthernore, .r.qu of an
interface E)te%\ﬁeé)nr;(ﬁdr;égl II%CB)?YISaylélr aaijc? X945 %qfert(%tegwgoa%eer i%hr oved.
As |t £ Gt LI I Sh f_t i h i zed.
[0009] vt FheDEnatAERRRTT LEE BbiCTaRbr BP0y | FRuS ALIR BRI R o

however, Si'@l%‘}e%%eoﬁ%??h{n?n&hg%e}?gﬁstﬂg ﬁ%lﬁh&gﬁs 18X 181 & rpbgns/ cne,

it takes a long tine nt t t enmperature oxidizing

treat ment i@@ﬁg%%qq% iy, addid Gy %ééﬁéﬁwl Iikn (At pent, so that

t here have been pr ens that nanufacturin i'ciency 1s°low and

product i vi tat dkedas! 88L& n G He HHsidm & dale tHD:ShQ &8N thes i on
inplantation tine, there has been proposed a nethod for ‘manufacturing the

SO wafer galdied e v did ied HHRWHNS e)a e ! ammeihas,e rad i ity

treatnment is applied to a wafer having two- inplanted | ayers including an

anor phous liayer de@tudon in the pinhole density. Furthermore,
roughness of an interface between the BOX layer and the
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 ilon dose amount
is as large as 4x10"7 atoms/cm?, it takes a long time to
implant the ions and the high-temperature oxidizing
treatment is also needed in addition to the annealing
treatment, so that there have been problems that
manufacturing efficiency is low and productivity is
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 (claim 1,
specification page 1, right second column 5th to 43rd lines,

and Fig. 1l(a))).



+ therein (See U. S. Patent Publication No. 5930643 (claim1, specification
page 1, right second colum 5th to 43rd lines, and Fig. 1(a))). 5 [0011]
The met hod disclosed in U S. Patent Publication No. 5930643 is such that
the ion inplantation process is divided into two steps, and oxygen ions are
inplanted into the wafer at different tenperatures for respective steps,
so that twdadn i npl amfhedmedhexds disatelsygd dnsing.e PatsialPubldyert ieent ai ni ng
hi ghly concentrated oxygen and an anorphous |ayer having different crystal
st ates ar ld.oryEiP64@ tid rsudie Wefterthanidr hismpldn s wadrerprcscsubjested to a
hi gh-tenperature oxidizing treatnment in a m xed gas atnosphere. [0012]

Speci fi caldiwideq sinto twe Sisard.c atbraxydan sing core waliekansediebtledd, oxygen
ions are inplanted at the rate of 2x1017 atons/cn2 with the inplantation
ener gy of U85 wader taf fdirffierdnt stenmsmrd ipiemtiar | seapecoitai siiers hi ghl y
concentrated oxygen wthin the wafer. Next, in a state where this wafer is
cool ed, odRydidfondarienniprirndedtlayeies r kY A NGt hith the
i npl antation energy of , 185 keV to forma second ion-inplanted anor phous

|l ayer comt3¥ffordiFaid g il bh CPREaEr akRd £/ dhe  first

ion-inplanted | ayer.. A lower portjon of the second .ion-inplanted |ayer
overIng ﬁq%%gﬁﬂéy%ﬁquﬁ]%fé%%@rqqtrs"crY%tn% PR P Sy TR %/ai ni ng

hi ghl'y concentyatgd (aen o0 Hgt ALY, £oneentLgiad. Qxygen 1 s contained
high—temperafure oxidizing treatment in a mixed gas
atmosphere.
[0012} Specifically, firstly, in a state where the
silicon wafer is heated, oxygen ions are implanted at the
rate of 2x10" atoms/cm® with the implantation energy of 185
keV to form a first ion-implanted layer containing highily
concentrated oxygen within the wafer. Next, in a state
where this wafer 1s 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 ﬁighly 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



« wthin the second ion-inplanted anorphous layer. 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 containing argon or the like. The first ion-inplanted layer turns into
the BOX layer by holding the wafer at the high tenperature in this
at nospher ecevm e nngeosyyerr tHO0LBke Medhiwhifie;stsiimye inipsl ayeshd
ion-inplanted | ayer contains highly concentrated oxygen within the ion-

i mpl ant ed k@R HHOUERS alieko Fie CBG%S g@%ﬁa@i’oﬁ@b@@sg nbke pebetedtshbet hly
during the tenperature rise, resulting in a high-density defect |ayer
i ncl udi ng AP 9%W®%¥%ﬁur%.%Qm?Pl%r@%$%ﬁph%ﬁeaC%%E%k?h@gf%ﬁY@enS|nce a

br aci pi  at BT Hbr o nder@%@wf SRt e R A “a%@?@%oﬁﬁ?é{%t“at@%% Yefers’ the
wafer fromfront a r surfaces of the wafer to djffuse wthin the wafer
during hol%‘?lhjbalt%%\bq %‘Bn%e%‘b%%‘f%%%%%%r‘ﬁ%ﬁ%na ?eri¢Me tenperature
brec pi 1 a Ul LR AR SHERSN LSV %%h%s?%ﬁ@e?:e%#l%aﬁ oS Ry Si02
dose. At 31594 1o T8 el Afvdkemeitture b P n o ST et ng the
b 5SS P08 A

crystal, or a stacking fault. Since a region having this

defect layer formed has a property that oxygen easily

precipitates therein, oxygen in the atmosphere containing

oxygen enters the wafer from front and reér 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 $i0;. Thus, the high~density defect

layer having Si0; precipitated therein turns into the BOX

layer. For this reason, a low ion dose amount of 2x10Y’

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

layer with the same thickness as that obtained when a

double dose amount is implanted.

SUMMARY OF THE INVENTION

[0014] However, in 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 SOI



« [0014] However, in the SIMOX wafer obtained by the manufacturing nethod
described in U S. Patent Publication Specification 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 increased conpared with a surface
roughness of the silicon wafer, so that there has been a problemthat a
particle vidyemn sidetlieaBoN abdgeOrard hinstedoc€ ObmpHee8i li€wnawaf er cannot
be neasured on the SIMOX wafer surface. [0015] Accordingly, an object of

t he presemurfaentionghnssd copridve dei bi ot hotif 07 santihact thiéng BasSl MOX

waf er wherein both of a roughness Rrs of a neasurenent area of 10 square
m cr onet ersedm a erchkdmcthaf 4 hmiSGclayeitlana oize oughmessb Resonf a
measurenent area of 10 square micronmeters in the interface between the SO

| ayer and e siBPecayelr Tun dbl ieon ol ennchrnd MBX nedsuredt @il nelde by use
of the method. [0016] The invention according to claim1l1l is, as shown in
Fig. 1, thelMNPhrfesenusface nethod for manufacturing a Sl MOX waf er
sequentially comprising the steps of: heating a _silicon wafer to a

t enper atur[égl(?]rﬁ]t he rafgEoddingd o aB0@RE egitd Afnpilen tbas a5y geWarndnsmof fir st
dose amount with a first inplantation energy froma surface of the wafer to
forma first ORIt HRE tontmamREHGHY & onBER (& oxygen at a

first depth fromthe surface of . the wafer
pd%ereln both og a roughness Rms of a measurement area of 10

square micrometers in the surface of the S0OI laver and a
roughness Rms of a measurement area of 10 square
micrometers in the interface between the S0I layer and the
BOX layer can be reduced, and a SIMOX wafer obtained by use
of the methcd.
[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 éf first dose amount with
a first implantation energy from a surface of 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 oxygen ions of a second dose

amount with a second implantation energy from the surface



¢ cooling down the wafer having the first ion-inplanted |ayer fornmed therein
to a tenperature in the range of a roomtenperature to 200 C which is | ower
than the heating tenperature and inplanting oxygen ions of a second dose
anount with a second inplantation energy fromthe surface Il 8 of the wafer
to forma second ion-inplanted anorphous |ayer continuously to the first

i on-inpl andedhayedfan o styfmce ssddied ofon-hemped et e @t arfo ssicONs Ugpéh from
the surface of the wafer wherein the second depth is shallower than the

first deptdntimmisuiby end itige tiier swafssn+ el 4 ighd t baper adnure deafacér eat nent
in an atnosphere contai ning oxygen wherein the wafer is maintained at a

t enper at ursidwtof over wadiber 1800 Gedund | depth t fraom t Hee neht fage pof nthef
silicon for 6 to 36 hours to change the first and second ion-inpl anted

| ayers i mMatfer BOerairerthavweednd addptlstiziosiea bhowert then hehstBprof f orni ng
the first ion-inplanted |layer is set to 2x1017 to 3x10" atons/cn2, the
first inpldaRiEri oif®nergy 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 | x1016uUbHesFEAchERY OREAT TR & dHidy e tfure figadct eri zed in
that wherein a first dose anount in the step of form n‘%lthe_ first

i on- i npl ant™eP iR 3% At TP SBARAY (R iy 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 layers
into a BOX layer,

wherein a first dose amount in the step of forming the
first ion-implanted layer is set to 2x10Y to 3x10Y7
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 2x10Y 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



.atoms /cn¥, the first inplantation energy is set to 165 to 240 keV, and a
‘second dose anount in the step of formng the second ion-inplanted |ayer is
set to 1x1014 to 1x1016 atons/cnZ. [0018] In the nethod for manufacturing
the SIMOX wafer according to this claiml1, when the first dose anpbunt in
the step of formng the first ion-inplanted layer is set to 9 2x1017 to

3x1017 atomg/ Gy ¢} hfx{bfvsgtpﬁg'/%@ggtewlgsfﬁg@v hipo0Ehc L0 187 18y200 KV

so that thé first Ton-1nplante oF e osTtion- ¢ Hparatlvely
deep fromt rfec f> g MR f qqu

t enperature eﬁtrea?r?gnt steépl‘}f1 esrc%l rst %?If;lyer CPdanr!Ls or rreﬁromthe
first ion-implanted dayely i LOMRA 9 Work % S8RANA AYSL e Whi ch
oxygen in the atnosphere containing oxygen contributes forned and t hus

variation ighrfedent Ryl rﬁér‘)” ebrt Re1BOKehaye!, s t@ﬁechfi%ﬁed As a result
of this, the roughness Rrs of the neasurenent area of 10 square mcroneters

in the interdngeeathetavernt he-S@ndmy eta)d 4 e X d@yera@yd the roughness

Rms of the neasurenent area of 10 square microneters in the surface of the

SO layer aamrBerdredidetton] GMEO]F I iIennipdmraeeDdridi gy tics cfvn@d® i S
related to claim1l, wherein an oxygen ion inplantation in the step of

form ng therfiorsttd en-devpmntEaX |lawerr it perifar redygurt hin aclpd ural ity of
steps in the descendi ng order fromthe highest energy inplantation to the
| owest energgynosphere 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 ﬁms of the
measurement area of 10 square micrometers in the interface
between the SOI layer and the BOX layer and the roughness
Rms of the measurement area of 10 square micrometers in the
surface of the S0I lavyer can be reduced.
[(0019] The invention according to claim 2 is related
to claim 1, wherein an oxygen ion implantation in the step
of forming the first ion-implanted laver is performed with
a plurality of steps in the 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 keV.
[0020] In the method of this claim 2, the oxygen ion
implantation in the step of forming 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

10



i npl antation, 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 nmethod
of this claim2, the oxygen ion inplantation in the step of formng the
first ion-inplanted layer 12 is perforned with a plurality of steps. That
allows a much probability that oxygen precipitates are dissolved and

preci bl tal plgbhnbaan 1 PRl OPLaRMakY 90 0cRE0! 851 388,21 h &tbstﬁé%gabi'ity

that sili COI’] W POsSsSI O reduce éneration

of 3 siliannchshands [003L.Theo! BxepLinn.acaer dbfig;Leschabm 3 1o rel ated

to claim1l, wherein an oxygen ion inplantationi e ste of formng the
second iongiplant edilayer is performed with a plurality of steps in the
ascending order fromthe |lowest energy inplantation to the highest energy

i npl ant ati ppp21j 0022] 1 therdmingd Qicdhisng! @ n&ﬁauﬁhﬁ DXy G t &4 _
inplantation in the step of formng the second ion- inplanted |ayer 13 is

perforned vbtHlaipl uf akhéyeoh §he@§ggeﬁolbﬁaimﬁ>&hﬁthBh@iﬂnﬁﬁstﬁé kbhepsecond
ion-inplanted anorphous |ayer can be increased and filmthickness of the

BOX | ayer sanfatsinyethacseased. i6RO02@p1dheedinyanbironsageordingdt @ichai m 4

is related to any one of clains 1 through 3, wherein the second

i npl ant at i @anpkurajytynofhetspepinf ther asogntihergsecdead foom thplﬁnWedtlayer

is lower than the first inplantation energy
energy implantation to the highest energy implantation.
[0022] In the method of this claim 3, the oxygen ion
implantation in the step of forming the second ion-
implanted layer 13 1s 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 according to claim 4 is related
to any one of c¢laims 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
in the step of forming the first ion-implanted layer, and a
value obtained by deducting the second implantation energy
from the first implantation energy is 10 to 30 keV.
00241 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

11



din the step of formng the first ion-inplanted |ayer, and a value obtained
by deducting the second inplantation energy fromthe first inplantation
energy is 10 to 30 keV. [0024] In the nethod of this claim4, the second

i npl antation energy in the step of form ng the second ion- inplanted | ayer
is set to be lower than the first inplantation energy in the step of

form ng th%éfi er. Thanks to .the aforesai d value of 10

. i - | ted | ]
to 30 keV, Wil(r:rljtsc‘[nrei)afosréadn'I ;%)necg ﬁ%&%ﬁe r?a I BOE TR Yo thersin 11 is
. g t o and : o rokes it
bocs b’ SRR b AN RSPt ABNAd Yod FediRE FARE el A0 RS !
| . 00 Mg\ i i i j h i Fig. 1,
oG Mo ol L 2 iiCd A RREPNH I HAR A e B8 O e ment L one

claims 1 thiaugh 4. f[0@ﬁ@1 1hfehhg o y@&%&g@lggc%&@iﬁg stagthig chaim 5

t he roughness Rns of the nmeasurenent area o square mcroneters in the

surface of itherigQ 1l ayele 3NGdN6a AQUGNIRSR B Y aHBapingienis area of

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

layer are 4mngsld & PovetSfentiRERRC eI 1arthdudh @ ectric breakdown
characteristic of the BOX layer is 7 MW/cmor nore. [0027] As described

above, accqrdi®g to thenmehbodIfMoK waEBYl aetui-tnggt ke pheserlaiihvention,

when the first dose anount in the process of formng the first

i on-inmpl antté® roughness Rms of the measurement area of 10 square
micrometers in the surface of the S0I layer and the
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 to 3x10'’ atoms/cm?, the first
implantation energy is set to 165 to 240 keV and the second
dose 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 S0I 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.

12



«layer is set to 2x1017 to 3x1017 atons/cnR, the first inplantation energy
is set to 165 to 240 keV and the second dose anmount in the step of formng
the second ion-inplanted layer 13 is set to 1x1019 to | x| 016 atons/cnR, so
that the roughness Rns of the neasurenent area of 10 square mcroneters in
the surface of the SO |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 reduced, respectively. 12 BRI EF DESCRI PTI ON OF
THE DRAW NGB IHROESICRARL.ION G dHH ARAMANGS ustrating a nethod for
manuf acturing a SI MOX waf er sequentially according to an enbodi nent of the
present i nM@W28dn; Fig. 2 is a diagramillustrating changes within the
waf er subjected to a high tenperature heat treatment according to the
present inventi offidri ¢. 18 ies ddagiragr amlivsityaitiag @g me theldatfiocdn bet ween a
single inplantation step and double inplantation steps of a first
i on-i npl an@ERU TR 19 2arf IGFg & fedh cafuatiion 1 iadnar 4w fig an
ion-inplanted | gyer of the present invention; Fig. 4(a) is a diagram
illustrati Jaent &F et we&Feats ilrstentdatint ati on energy with the single
i npl antation ste

roughness Rms of%ggge sgggégﬁﬁag%égpggﬁg%tkg igbr% Jn%%éidy@ﬂ%%F%%g aver and
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 oxygen 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
10 square micrometers in a surface of the S0OI 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 S0OI layer and a BOX
layer;

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

between the first implantation energy with double

13



.10 square mcroneters in a surface of the 50 l|ayer, 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-inmplanted | ayer and the roughness Rrs of a neasurenent area of 10
square mcroneters in an interface between the SO |ayer and a BOX | ayer;

Fig. 5(a) it a6ita@riadm i Ysld }dRGsa d ald N npatnwean tde fdfst .
i npl antation energy with doublé 13 inplantation’n the process of formng

the first iigplantRiaNtged ayer tard ARG ReES JiTh G URARHIE B, ar ea
of 10 square mcroneters in the surface of the SO layer, Fig. 5(b) is a

di agram i | lofstivatsigngre mdlcatomet diet veert Hhgurffiacst dMplkantsdd amenRer gy with
doubl e inplantation in the process of formng the first ion-inplanted | ayer
and the rd@ighnésd®)Ris ef dd amerasuridientt ratdaqgfa @ Ilsiare batwdaamatiay s i n
the interface between the SO |ayer and the BOX layer; Fig. 6(a) is a

di agram i | lfustrtatimpd aa teelian eme rdogt wadih alowdlee iofptlanted imn dedudtd ng t he
second inplantation energy fromthe first inplantation energy and the
roughness R¥® @ sa ofedsumemgntthar d4 reft 10nsduadentec lestrerand rtheche surf ace
of the SO layer, and Fig. 6(b) is a diagramillustrating a relation

bet ween t h&ovghyessobrs wdd abpedegremend eireasedordd isgslaa®t at i on energy from

the first inplantation energy and the roughness Rns of a
micrometers in the interface between the S0I layer and the

BOX layer;

Fig. 6(a) is a diagram illustrating a relation
between a value 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 surface of the S0I layer, and Fig. 6(b)
is a diagram illustrating a relation between the value
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 obtained 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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~ measurenent area of 10 square mcroneters in the interface between the SO
| ayer and the BOX layer; and Fig. 7 is a diagramillustrating a rel ation
bet ween the val ue obtained by deducting the second inplantation energy
fromthe first inplantation energy and a dependent dielectric breakdown
characteristic of the BOX | ayer. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBCDI MENTGE ¢ H6219] i Next £ i dthewbEStberndesEoibearvysag ont thbedrddipgesent
invention will be described based on the drawings. As shown in Fig. 1(a)
t hrough Fizps dialyn Bnneidodl for thmeowdlacrigi nh(d) Sl M¥etmadber fof t he present
invention includes a process of inplanting first oxygen ions froma
surface ofmanefaditoningfarsSIMOX ovddem af fthaetpresentpianeetiohayer 12
contai ning highly concentrated oxygen within a wafer 11, a process of
i npl ant i nglekbwirl oxyrercsnsof rimplamelnar fhcet obxyflenwadrs ftomoaform a
second ion-inplanted anprphous |ayer 13 continuously to the first
i on-i npl artwetagayet axsbhleprurdbee bl deo oformea whiest 1ionaimpbaptedess  of
subjectlnglthe wafer 11 to a high tenperature heat treatnent in an

at nospher el 6% atH |?@P%ﬁ%&&ﬁﬂt%ﬁ%%%%g%0@¢@ﬁt¥¢?%@ FHRPIeRCHhE BN npl ant ed
| ayers 12 and 13 jnto a BOX |ayer 15. 0030 |nafter t he nethod for
manuf act ur'tdgth he* 7 St NEPO vl ©r© flIFIP]JeaIb n@%ﬁewwn%e H&8cri bed
Tor" Cach g scggoe, L0030 AT B5e3s B 191 FLDS {1 L3hordM:b BLag1 Bt bprer

amorphous layer 13 continuously to the first ion-implanted
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
SIMOX wafer of the present invention will be described for
each process.
[0031] <Prbcess 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. 1(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

15



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
cont ai ning highly concentrated oxygen within the wafer 11. Preferably, the
silicon wafer 11 shown in Fi g 1(a) is manuf actured by the Czochral ski

met hod. [ 00 2%_ Th f|r i on- | ant.ed | ayer s formed by a single

i mpl ant at i &R ﬁ%ien sd FFoél effhg't1 315na§ éiaf@dv\lr?é‘r él H€Si 1 i con waf er
11 is acco an | |.a I shomn and enperature

i nsi de therq}%(1 ratuang nf%% %% %300 to 500 C,
oxygen ion I.r n r l-anted d t. eam from
t he surfac%pg)far tfu %e?l%%%e?gggﬁstm% e]tha\r/gebog tggaﬁ%f Ira’rbalg}s?atder}%cﬁ 1{‘jrom t he

surface Of5b@60dwa g%% iDhe MOspere Wl %mbf®8agﬁ%9§%§nén'|ons ¥an be

apparatus is in a vaddim state. By héating it to

i mpl ant ed ‘Mi“ra%lllé%ei@ﬂgn% HaGnS WAt e n@f sul¥e Jealer +hb waﬁrstﬂt%oofahaa single

crystal silicon, the first Ton-inplanted l'ayer 12 containing highly

concentrat g %Xz%e'& b%afkora'%eg Whirse Qe 'Eag.’%o%“%hteo SREHQN off Mleantation is
recovered. If the tenperature is less than 200 C, the danmage renmains in the

surface of walfernafier the beRaypreot Whendamepe gyevkombAeibABgI NPl antation
not being recovered, whereas If the tenperature exceeds 600 C, there my
occur a prapbemathat 1tsh6.nd%tgﬁi©@:u®fm aeem WBiyhhBatheg it to 200 to

600 °C, ions can be implanted while keeping the surface of

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 1s 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 if 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 2x10*7 to 3x10' atoms/cm?, preferably

2.3x10"Y to 2.7x10"Y atoms/cm®. The reason why the first

dose amount is limited to 2x10'7 to 3x10'" atoms/cm® is that

if it is less than 2x10%7 atoms/cm?, there may occur a

problem that roughness thereof is increased, whereas if it

exceeds 3x10' atoms/cm?, there may occur a problem that a

dielectric breakdown characteristic of the BCOX layer 15 is

deteriorated.
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. apparatus drops because of the |arge amobunt of outgassing. [00331 The first
dose anount of the above-nentioned oxygen ions is 2x1017 to 3x1017 atons
/cnZ, preferably 2.3x1017 to 2.7x1017 atons /cnZ. The reason why the first
dose anobunt is limted to 2x1017 to 3x1017 atons/cn¥Z is that if it is |less
than 2x1017 atons /cn¥Z, there may occur a problemthat roughness thereof is
i ncreased, [Whe¢kas if Int adkideeds 33D L7 ragtonsdromidyp tdrered negyeccl? a
problemthat a dielectric breakdown characteristic of the BOX layer 15 is
deteri or atkaving #opsak ¢f Eeei ieonimphentatsoni ah-thpl dhred fapeh ¢f
having a peak of the ion inplantation at the first depth of 400 to 600 nm
pr ef er abl y29480C@ 0688 0Am PFroferHel uf PAckC 0PS5O0t A fnparthe syrfecemedlin
parallel to the surface of the wafer 11, In order to achieve this, the
first inpl Bhealabsr thetgyfPsmediinoParalisl olip ke, spréaeeapfyths 175 to

220 keV. The reason why the first inplantation energy is set to 165 to 240
keV is tha‘t’af‘Frl ffr s e st és e Hodyhids it Mt ment

o eaer OogaaLe e e Bt EES L0 Al BLer ! BeeebeLypenhe, 5L e 16 and
pherens LNt CEREIRAAN MR, I8 LA AR SOt aim g g 11 S
o o SO SRRV PR e ot ey BLat gl vt hat the

roughness Rms of the measurement area of 10 square

micrometers in an interface between the SOOI layer 16 and

the BOX layer 15 and that in a surface of the SOI 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,

oxyden 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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~time is required in order to formthe SO layer 16 with a desired film

t hi ckness. [0035] Furthernore, as shown in Fig. 3, in the case of the first
ion-inplanted | ayer 12 due to this single inplantation step, the wi dth of

t he peak thereof is narrow, oxygen precipitate density in which oxygen
precipitates during the subsequent high tenperature heat treatnent is

high, it MREE DN Resiand e oodeh preeipl tates aeasitgsehvedli ch the
oxygen precufitates during the subsequent hjgh tenperature heat treatnent
is Tow (i G iRRAAR B3 Ayl thBuethe Varshtion rotartesyiryea7ldreci pitate

density, t xygen precipitates are_ dissolved and precjipitated within the
first i on-fﬁpﬁé%t%f%é?lpﬁ%plﬁt? HEESY gl nt Drietdiv t%&%lg‘é‘hs}% yl8Ethi gh,

siliconis, |eft, aresult,,the inside of the ion jnplantation, region is
dotted wit s115%8 ,t’soﬂ}%ajtnéﬂéﬁ o5 & ep“r%ljé?ﬁ’%%*ia"n’a% Ted19R0h% | ol ands

T AN i Hrtal
of 1 or m ng L 1O | SR 1 Tyl S by JRROT | T BB oh 16
pertor ed o fnfcdl UL slodl e, |BIANGALY o Sep Bl piddk 3 plur ity of

i npl ant ation ‘steps, erably” ey Dbe” separatel’y perforned - _
D! ot ot |, R sV e S ane ofpriliy et pliplanal o)
0010 SR AR o 8L T RSt G o il oV
not with a single implantation step but with a plurality of
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 implaﬁtation 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 b;), 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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in the later stage of the inplantation remains, there is obtained an effect
simlar to that a value of the second inplantation energy, described
hereinafter, is set to be relatively smaller than a value of the first

i npl antation energy. [0036] Specifically, the first ion-inplanted | ayer 12
shall be formed with double inplantation steps, the inplantation energy in
the first pl@&p7be 184 eV ddowe-nantidnal itirdy )dodd andmiansatd:onyaner gy in
the second step be 176 keV (ion inplantation b2), and oxygen ions of the
first doselamount flox £iesy stageiare. 0xpdEnted 1bpx1iort adicus fignt,he beam
fromthe surface of the wafer 11. 18 [0037] The above-nentioned first dose
amount of Bxgferablynk. bPxi®E tor dt 35kép’ | L thnGx/AAr7 tBhe. 8xa047 at ons/ cne,
preferably 1.15x1017 to 1.35x1017 atons/cnR. The above- nentioned first dose
amount of B&YgeenednEivst tdese ezt seEpok¥gan CGkang 70f othe 5xe0a7dat ons/ cn,
preferably 1.15x101' to.1.35x101'" atonms/cnR. The first dose anmount. obtained

by addi ngSE®e i®nli®l@nt 40i dnoBl0anduans/wn i peeierabilon 1b25%19 equal to
the first dose amount of ion ipplantation a. The ion inplantation bl and
the ion inpPaht&exbh batens/cRese Mo fifsitafions gnaindpobladgatdl so t hat
the first ion-inplanted |ayer 12 s formed, having a peak at the first

depth i.e. 23t 8% etRe ECy il 2303 B dp: #nchdd e 1 NGt G 1Rent at i on
ener of _180 keV,.th verage of 184

szpgazoggggk%&ﬁ%}gag %ﬁglgfégﬁiégge amOQXt of 1on 1mplan§a€10n
The ion implantation b; and the ion implantation b, of
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
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 ilon 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 iower, preferably at 8
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«inplantation b). [0038] In the case of the first ion-inplanted |ayer
to these two inplantation steps, the wwdth of the peak therein is w der

t han t hat

of the ion inplantation a, and the oxygen precipitate dens

|l ow. For this reason, siliconis hard to be left within the first
ion-inplanted layer 12, which nekes it possible to reduce generation
silicon iskandsy [HOSO] R helerAh¥ tiiRe A d4tQdp | 18| St atd A i N
process of formng the first ion-inplanted layer is performed with a
plurality birgéepsham ¥eé uenobipi dedthy ldeducitsag, thieienecgy of the second
step fromthe energy of the first step is set at 12 keV or | ower,
preferabl yimtr&8ad® keMnothlokeess ToE ehergyXolayde 1bysandt épprsveet to be

| arger than the energy of the later step, which can increase filmthickness
of the BOXthaydiel&stahd hrpabdewnt beadaeteci sttcbofakbdewBOshbhagereibstic of
the BOX | ayer 15. [0040] Additionally, after the ion inplantation is
performed WeH0h si ngleldsitigprar] Inul tdiflesr dthepsiamdnientmicessiof forming
ion-inplanted layer is conpleted, the wafer 11 having the first
i on-i npl areeEforEg@rwibh fargedi e eehm ¢5 Ié@btbﬁl@loﬂhel)% andehlperature in
the range of a roon1tenperature to 200 C, i.e. a erature | ower t
heating t erfRfetdirel foimsegu ?I§lr$hel%%Thmpl%n¥%@ age¥ $fom the cool ed

the first

appar at us,

and. after cleaned and dried, it is_acconmodated
completed, the wafer 11 having the first ilon-implanted

layer 12 formed therein is cooled down to a temperature in
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 continuously 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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«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> 1In the process of form ng the second ion-inplanted
| ayer, as shown in Fig. 1(c), the second oxygen ions are inplanted fromthe
surface of the wafer 11 to formthe second ion-inplanted anorphous |ayer 13
conti nuoustiyriace hef fthe stafen-1hptamedtd dyave 12 ronk aahi agsédgidly
concentrated oxygen on the surface side of the wafer 11. The second
i on-i npl arfi&Rith m JEhe vty Egse v HEhe wber bbrttlon stcondhedgpilt
ion-inplanted layer_ 12, resulting in an anorphous |ayer containing highly
concent r atRIL K RfEhL ke eviihan nthe [Doust dertlecdhe i%m’\’ier‘rﬁl@d?ﬁléﬂlqchyer 13

is formed b ié&gantin px¥g$n ions through jrradiating a beamfromthe 20
surface of2HTRSRERER "ijit&bjéla ¢ APRAIA Dbk HE & CREEH SERPEh fromthe

surface of wafer 11, the second .dept bei ng shal |l ower than the first
dept h. The[égﬁab-nentﬁéﬁé@goﬁﬁﬁ3§&ﬁéRQQéHQﬁQ? Hof5 &AW i in a vacuum
state. [0043] The above-nenti,oped, second dose, anpount af gen.ieNs is
1x1014 t 0 TRURD eI Trotl b eber hBLy LELoTS/ b’ 1RE6 TETAPORACHE. The
reason why, t eond dose amoupt is limted.to 1x1014. tpo | x| OL6 at ons/ cn¥
o hat 1eq S0 EEAS R ER PR bl i TRer AR GRS ROl e ¢ hat
t he second: j onc | er .13, n,an us . st [ 10t . f or ned,

wher eas i%j%?E%§£%%%Q&§g¥g%%-aFén%%gﬁﬂ,Eﬁ%%%P na&gogggF gfpggbﬂ%n1that a
tenperat urg, of Eﬂﬁhvfﬁfﬁulétoms/cm?, there may occur a problem that

the second ion-implanted layer 13 in an amorphous state is
not formed, whereas if it exceeds 1%10'°® atoms/cm?, there
may occur a problem that a Lemperature 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 is set to 135 to 230 keV lower than the
first implantation energy, preferably to 145 to 220 keV.
[0045] Note herein that, in this process of forming
the second ion-implanted layér, an oxygen ion implantation
is performed not with a single implantation step but with a

plurality of implantation steps, preferably may be

21



u

rises too high due to along irradiation tinme of the beam [0044] In
addition, the second ion-inplanted |ayer 13 of anorphous having a peak of
the ion inplantation in the second depth targeting at 250 to 500 nm
preferably at 300 to 400 nmfromthe surface of the wafer 11 is formned
continuously to the plane on a wafer surface side of the first

i on-i npl amerRTalyely IPehEoimed twietpeako ofmp hentanion npteps at ilon tdtig he first
depth in parallel to the surface of the wafer 11. In order to achieve this,
t he secondca§ sl dhtaNsAge ek gihe sseeend olmdbanba PBOn kenerovevii hapet he
first inplantation energg preferably to 145 to 220 keV. [0045] Note herein
that, in t38% B obesstof2iBrishg Heesadng itdwe iims emtadt iy aray &1 oxygen
ion inplantatjon is, perforned not with a single inplantation step but with
a plural ilf%/r]%ﬂrri“?é)l Hht ¢ i STRPEY R ELRF abf 9 e beCWaskepRe BI¥| v
performed wth two jnplantatiaqon steps. In this case, an average of the
second i npt %F%W%Eeﬁ%y% ﬁ?l%éegge?m’?’bgylﬁl?%al?%tm: %llﬁ erably, the

i npl antation may be erforned in the ascendi,ng order .fromthe | owest energy
| mpl ant at IO TGT tHe Hroheato GHEr 39 11 Gt T on, AR BESHRATS (A

! OO STSLD, L5 SRERORLOR, SRS, gy LGSRl LU Dockpes o the
o leT P R ITT0 AN e oL, secorit gl o ey sggtols
I's, hovevei, iy e yanee OfF MA USSAY implantation energy

relatively smaller than the value 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 1is increased, and a distance between

the peaks of the first ion-implanted layer 12 and the

second ion-implanted layer 13 is increased. For this

reason, variation in the depth direction of the BOX layer

forming area is increased, so that there may oc¢cur 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 SOOI 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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| ess than a certain fixed value, the value obtained by deducting the second
i npl antation energy fromthe first inplantation energy is increased, and a
di stance between the peaks of the first ion-inplanted | ayer 12 and the
second ion-inplanted | ayer 13 is increased. For this reason, variation in
the depth direction of the BOX layer formng area is increased, so that
there may Hrestt and psobdedn 1dvat ihdeat veghnegsr G2 odnd he3 neasur ement ar ea of
10 square microneters in the surface of the SO l|ayer 16 and the roughness
Rms of thelemosasementhbcleanafed Ol squaseibhe ctoneéduse i gehbrathverbdhice
between the SO |ayer 16 and the BOX | ayer 15 of the wafer are increased.
Similarly,silicehmel vbands obtdhiedthy BeXutayey 1he Hecwad amplvent ati on
energy fromthe first inplantation energy is increased, a w dth of the BOX
| ayer formerpsenreadescribediakoeasetn Fodert b sredasonthe heowshgens
precipitate densities within the 22 first and second ion-ing%gnted | ayers 12
e

and 13 ar e2n@clche LETHRHi @h ke | $ipbean bl elapds edieleliy aBP%n of
silicon islands within the BOX | ayer 15. Based on two reasons described
above, in W¥F o rericeime Rt LY fedipklgenerat $9%CRE the silicon
islands within the BOX Ilayer 15, the val ue optajned by deducting,the second
inplantati%ﬂpihﬂﬁ%ﬁﬁqqcﬁﬁ? %yf%#%T gﬁ%l h%%?iﬁ%P%%%F@EY?% CRet9Y¥ol90 to 30
ket Pret eLabl . 1010, 200 kel | R4PL 15 dorgr bes, opaye,  Lhe second

[0046] As described above, the second implantation

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 S0OI layer 16 of SIMOX wafer 10 and the roughness Rms of

the measurement area of 10 square micrometers in the

interface between the SOI layer 16 and the BOX layer 15 of

the wafer can be further reduced, respectively, which makes

it possible to provide the SIMOX wafer 10 in which the

dielectric breakdown characteristic of the BOX layer 15 is

improved.

[0047) Incidentally, after cgmpleting 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 anneal
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energy in the process of formng the first ion-inplanted |ayer 12, and the
val ue obtai ned by deducting the second inplantation energy fromthe first

i npl antation energy is set to 10 to 30 keV, so that the roughness Rns of
the measurenent area of 10 square mcroneters in the surface of the SO

| ayer 16 of SI MOX wafer 10 and the roughness Rrs of the measurenment area of
10 square rfugihauest dios bien stullpg e dtetde rtfoa dédieh dtoddenv itrige HS@h |tymre it el t he BOX
| ayer 15 of the wafer can be further reduced, respectively, which makes it
possi bl e t egitorge tieatspvokassf-er 10 in which the dielectric breakdown
characteristic of the BOX |layer 15 is inproved. L0047 I ncidentally, after
conpl et i ng [RE8r ocess<BE b ?Wpﬁéatﬁéeséééﬁdtréﬁ neplLaptegesayer, the wafer
11 in which the_first and second_ion-inplanted |ayers 12 and 13 are forned

is taken out fr ofttt R8C¥Pparaf s, and) af?ehigél$§W€&r§ﬁ@r&rP€@t it is
acconmodat into_an _anneal 23 furnace to ected tq.the foll ng high
t enper at ur reﬁé:gutent EFOTETS &rso@e§§oo[e(§(§’4 “%b %tl'l?r ﬂreat ment
oot Pl A sl %ffa%ﬁftﬁflsa;%gﬂe AR
roatent 0 3UIBSRITy S RORED el ApEl gl st and,
Fig. 2(0)’1%@qa%@éd!§%§%r%5lboa %.H%rT%QJ %h%p%R&§%%j%r . As shown

in Fig. 2(¢), the BOX layer 15 to be formed is composed of

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 1s accommodated into the

anneal furnace (not shown), a temperature inside this

furnace is raised 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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the first BOX | ayer 15a formed by transformation of the first ion-inplanted
| ayer 12 containing highly concentrated oxygen, and a second BOX | ayer 15b
which is formed in an wupper portion of this first BOX | ayer 15a and forned
by transformation of the second ion-inplanted |ayer 13 resulting froma
contribution of oxygen in the atnosphere containing oxygen of the heat
treat ment EkeRheoebedndovdnto| apradi ctlemperphote- | ayer 13. [0049] The first
BOX | ayer 15a and the second BOX |ayer 15b due to the high tenperature heat
treatnent [€058brmed 0RR& Heaigdh Wehpdraahere mananed ifsiRara way t hat
the wafer 11 having the first, and second ion-inPIanted | ayers 12 and 13
formed t herSTRETRLEER ohfrotEebeint® # heSMRRRREVLPutRatRe (RBRISHBIN), a

(Sper atur g hpei do (Pl geo nace s Plaed Lo Lemperal e L, Lhe fange o
th f 1 i hel d f t0.36 h f bl i 2 to 24 h whi
e vel ot Mol Deld Loy S:40.p Jeuis, ersterabluc for gt s hours vhile
0050] The, £gaspn.why the aboussapatonerLlur page 1 4eAPSEalytenl gibhim ted to

a tenperature 1n range o ess e silicon nmelr'fi'ng point
is that di ' n i ©Q X rechpi t.at.e r [ fficient
at a tenpe %%gﬁg] ln%%}g t%g%]?\i\%goc%rl%%\ elzaighlycgﬁ?e%ﬂaﬁk%y %%@rgy@}yl ééannot be

formed. The,seaspin nddeno ARONE- FRALT PRed; ROl dingot 6Meoi Sl hohtgdik0 6 to

36 hours is
that if it is less than 6 hours, dissolving and growing of

the oxygen precipitates are insufficient, and thus a high-
guality 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 (Ngz)
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 oxyden of an oxygen gas of 5 to 100 volume %,
preferably 10 to 50 volume %, 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
{(Si02) 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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that if it is less than 6 hours, dissolving and grow 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 is
decreased, and the productivity is decreased. The above-nenti oned
at nosphere in the furnace during the tenperature rise is a m xed atnosphere
of inert gasghbuctorserntganednoxyogentiiélewitbhbai nengresgehinhtOob to 5.0
volume % preferably 0.5 to 1.0 volume % The above-nentioned atnosphere in
the furnacécasteettheocendetmearelyi sandsianbaghnspher ehangat aihkibng oxygen
of an oxygen gas of 5 to 100 volume % preferably 10 to 50 vol une %
cont ai ni nghiglerdenasty sdefeas lavgbnl breontabatng pODIIY-SheereRcakly, as
shown in Fig, 2(a), firstly, when _ the tenperature rise begins, the oxygen
preci pi t at BV 5 @) 2yr osdd Ebaialrdvwesd pakackinghtabi kst AbrRTem| Hht ed
| ayer 12 caontainjng highly congcentrated oxygen,_ and begins_ to transform
into the fW?%?hB%&g?anghT &S MeWndht et l%&%%elghéssggﬁﬂﬁdiBﬁSiﬁplanted
anor phous | ayer 13 contains 25 highly.copcentrated oxygen therew thin,
re-crystaJ??é%??%% t%%%soﬁ%ge%rﬁﬁggﬁg%ﬁﬁg?ﬁl9?shﬁﬁ'iﬁxgggi@Fté&%ﬂ%nge into
a high-densi de% ct layer 14 containing oly-siljcon,,a tw or an
oxi dat on- FRdttgd siaeri Ryt rad vSPARer bR zh ORR) chnehrathr SReaERbrES et ect
| ayer 14 i % r t eci pi i.ly. Next, as
Shoan i n B GoE 2B ComprrEtREr o be il HYRER BRoPLR, LPhBReRaRE, L

containing oxygen enters the wafer 11 from the front and '

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 Si0;. 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 15a and the second BOX layer

15b are formed.

[0052] The growth of the BOX layer 15 is that small

oxXygen precipitates gather in greater oxygen 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 shallow from the surface of the wafer 11. For

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

the atmosphere containing oxygen to contribute to formation
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after the tenperature rising, oxygen in the atnosphere containing 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 high-density defect |ayer
14 to precipitate as Si 2. As described above, the high-density defect

| ayer 14 changes into the second BOX | ayer 15b continuously to the first

BOX | ayer dbaghdhetgyg@s shewpi fat&l GenpéEingt PeefBORL 1 BEXr| agefs15a and the
second BOX | ayer 15b are fornmed. [0052] The grow h of the BOX layer 15 is
t hat smal | inoxygesad precd pthat escgad NROX | hageeal B axygeRepreespi Bakes, are
absorbed therein, and then disappear, and this is called Gstwald grow h.

[ 0053] Whehaydre fhasire mppoonsedi oo eaehgythartbe theopebsgsintréasai het he
first ion-inplanted layer is a low value of |ess than 165 keV, the first

i on-i npl anvadidbyen id2theddéepeh sétoadtion-ohpthat BdX| dyeer 18ocamenfor ned in
a position shallow fromthe surface of the wafer 11. For this reason, it
is considezeelt hae Bhathtike fvouokygesn Rns ideincnespdeére Iontki ni ng oxygen
to contribute to formation 26 of the oxygen precipitate conposing the BOX

| ayer 15 i&ongieeredethahnthe heovglionds BOS | ggeerabepdand Ehesfirst BOX

| ayer 15a are opposed to each other to thereby increase the variation in
the depth HPFRELFoH RELwern Bahe | 29Erlavehi hf andebhesBOXhbaYehel Poughness

Rrs is incrgased. It is onsidered that the roughness Rﬂs generated inthis
affects the surface of the S0I layer 16, and the roughness

of the surface of the S0I layer 16 is also increased.
[0054] On the contrary, when the first implantation
energy in the process of forﬁing the first ion-implanted
layer is a high value of 165 keV or more, the first ion-
implanted layer 12 and the second ion-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 15a 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 15a
are not opposed to each other, and variation in the depth
direction of the BOX layer 15 is decreased, the roughness
Rms 1s decreased.

[0056] Based on the above-mentioned reason, the first
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vinterface between the SO |ayer 16 and the BOX |l ayer 15 affects the surface
of the SO |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 165 keV or nore, the first ion- inplanted |ayer 12 and the second
i on-i npl antmsll datyeri I8 eweeg¥ ol greget ntd he Higlstedepsp ednpapatovely deep
fromthe surface of the wafer 11. [0055] For this reason, as shown in Fig.
2(a), in ameVeanhy stageeodindolmphgnidt bdntdmeconsianset ebpetiadure during
tenperature rise and after tenperature rise, the first BOX |layer 15a is
formed prestersy ylower ttzan athat forst cimphentatbrn 8XryayerAslsb to
contribute to the formation of the oxygen precipitate conposing the BOX
| ayer 15 ides¢ethedsaobvas Bhe eSINGX gfaten sobtaineddevistier ed that  since
t he second BOX | ayer 15b and the first BOX | ayer 15a are not opposed to
each ot herRaupERGEYY BiF die thrd RCeRP g di9 cblie dproserhel BT RgRICAB | s
decreased, the roughness Rns i s decreased. [0056] Based on the
above- mentTHHEE ridiR orPLeRe 3 (KBS oF theberstrgrerhers52ietsk? to a high

energy of 165 to 240 keV, and the second inplantation energy is set to the
ener gy Iow%ﬁu§?ﬁup%$ﬁpm?ﬁ%¥sih%lghﬁaﬁ? he Bygh%ssoﬁegﬁy?geHGa%% e, the

S MK waf er, obt gl ned by Afie o FRfWI aELuLl ng, IEE hog, 2cgor i ng Lo, Lhe pr esent

micrometers in the interface between the SCI layer 16 and
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.
EXAMPLES
[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



- reduce the roughness Rns of the nmeasurenent area of 10 square mcroneters
in the surface of the SO |ayer 16 and the roughness Rns of the neasurenent
area of 10 square mcroneters in the interface between the SO |ayer 16 and
the BOX | ayer 15 of the wafer, respectively. Particles on the surface of
the wafer 10 can be neasured by reduci ng the roughness Rns. In addition,
the SI MOX mefformedtmta finbtzdssénpmoveheof f5xhe’ diadosst/ciné Withkdown
characteristic of the BOX [ ayer 15 can be obtained. EXAMPLES [0057] Next,
an exanpl eaofirse prebantathvenenendwi frompehedesurfbed P teeawhfakth a
conparatlve exanpl e. [0058] <Exanples 1-1 through 1-6, Conparative exanples
1-1 and 1-D% pandhawhlrst H-en-impiaeted whaypr epar BAVANG alpgﬁk Akf ehe11
which is a P-t gpe silicon wafer of which diameter is 300 mm_crystal
orlentatloﬁl¥§ depsh ahdréstetPvPiPirsomebers SpoBhipenfurfesel 9 after
acconmodat j n wafer 11 _in the ign inplanter, the inside of the
appar at us Wa %% I %@v%%%uﬁ?%@%@ezﬂhFQQﬂ;FQﬁnxﬁQﬁlﬁ%@ﬁ@ﬁﬁ?&?%he appar at us
was heated tp,400 e $0059 ion |gplanta i on of oxgaﬁn |0£ éo ) was
28 perf or mb¥ € a l'r“?r§ PHb3 u%\rﬁﬁ%ﬁtc‘&‘f’ o439t 7 %t%n‘é‘i’eﬁ”re PREAEY Prst
i npl ant at i rgy from.,the.surf t he f.er first
i on-i npl anf@%g(ﬁgyer v (r?]t(j’ b e VEI e CH‘E %?ata?%l to 0.5
”‘CronEter&pﬁé?@%ﬁgetguﬁéagfegged. After drying the cleaned wafer 11,

it was accommodated into the apparatus again. Subsequently,

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

second dose amount of 6x10'° atoms/cm® with a second

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 into a vertical

furnace. Subsequently, the temperature inside the furnace

was raised to 1300 °C. 1In addition, the atmosphere inside

the furnace was controlled by a mass flow controller so

that oxygen might be 50 volume % and argon 50 volume 3

therein to form an atmosphere containing oxygen.
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the wafer 11 was forned. Thereafter, the tenperature inside the apparatus
was cooled down to a roomtenperature. [0060] Next, the wafer 11 was taken
out fromthe apparatus to be cleaned. After drying the cl eaned wafer 11,

it was accommpdated into the apparatus again. Subsequently, ion

i mpl antation of oxygen ions (0°) was performed in a second dose anount of

6x1015 atomséer W t h mmesaeongl 1IMmlantadliONEened Bodds k@i 1ovesep hag t he
value of the first inplantation energy fromthe surface of the wafer 11,

and a secotidei pempapiantedihayeée iBehaévingca aeakilat fbeundeecondidept h of
0.3 to 0.4 mcroneters fromthe surface of the wafer 11 was forned in such
a manner asthosphetéatdytaonvenyapzwyeh. t HEhdrelst, i IMGH amBer | Byer 12 on
the surface side of the wafer 11. Thereafter, the tenperature inside the
appar at us havicgotkd BoX¥wnlaven ibobhéreaperwasrebtajinedl] Further, the wafer
11 was taken out fromthe inside of the apparatus to be cleaned. After
dryi ng eachO0ePkaned Waferabkve-nentuisorat oratotea eaf ithe &ixattical furnace.
Subsequently, the tenperature inside the furnace was raised to 1300 C. In
addi tion, iRelapkeEpperenergydeerehsct ukfattOwksVeohbfoke¥d b§B8akaldss fl ow
controller_so _that oxygen night be 50 vol une % and argon 50 vol unme %
therein tolforkf¥n At okpher £88oke%i ntg BXYgednd2d8P0b8Y}] The wafer 11 was

held for 8 hours while keepin the tenperature inside the furnace at 1300 C
under thisre%?%ﬁgbﬁ%iﬁfc%ﬁﬁa?ﬁ?n@l%9§g@ fe#ﬁeigb9?t%1%?ﬁdﬂlﬁﬁfEPelo

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 (0} in the first step was set
to 1.25x10Y atoms/cm? and oxygen ions (0') in the second
step was set to 1.25x10Y 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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~ having the BOX | ayer 15 therein was obtained. [0063] The above-nentioned
val ues of the first inplantation energy were set to 160 keV, 164 keV, 168
kev, 172 keV, 176 keV, 180 keV, 184 keV, and 188 keV, respectively, and
the SIMOX wafers 10 obtained with the above-nentioned nethods are referred
to as Exanples 1-1 through 1-6, and Conparative exanples 1-1 and 1-2,
respectively.0d50064] <Exgapbess23iit Bhaugh22-4> There was obtained a SI MOX
wafer 10 in a manner simlar to that of Exanples 1-1 through 1-6 and
Conpar ative exaffhkees wak abdain2dexcsgpMoxhata fiean lioninart atanererwas changed
froma single inplantation step to double inplantation steps in the process
of forn ng stild Mfairr sto itdwat iofplExstmed. d=ayler], Wwycgerh ilorfs O )Camparhes: e st
step was set to 1.25x1017 atons/cn2 and oxygen ions (O+) in the second
step was s&xamples2E9x10 Bhdatlonds/eaxvEptt Héady érteg sl st flimstantiatplemt at i on
energy of the first step and the second step were set to 172 keV, 176 keV,
180 keV, arfdersy ke, satedipelGiy ey, aadd cxtiweralignobt@i ned bBredédgsti ng t he
first inplantation energy of the second, step fromthe first inplantation
energy of RS iamaundt g shvdetsde t2o %%v.aﬁ%sg&oxwk@ Proyestt fifhed by
t he above-nentioned nethods ,are referred to as Exanples 2-1 through 2-4,
respect i velhPIMiZG [G65]: rStx dddriantasy 1?-3’23;fo?§’:$ tgs sstiiched a SI MOX

waf er 10 in_a _manner, ,
Qmplaﬂ{éilon 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
sqguare micrometers in the surface of the SOI layer of the
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 Microscope). In addition, the dielectric
breakdown characteristic of the BOX layer was evaluated
using a dielectric breakdown tester. Further, the S0I
layer of the SIMOX wafer was etched by potassium hydroxide
(KOH), and then the roughness Rms cof the measurement area
of 10 square micrometers in the interface between the S0I

layer and the BOX layer was measured with the AFM. These
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"simlar to that of Exanples 1-1 through 1-6 and Conparative exanples 1-1

and 1-2 except that the first inplantation energy was set to 205 keV and
oxygen ions (O+) of the first dose anount was set to 2.5x1017 atons/cnR in
the process of formng the first ion-inplanted | ayer, and the second

i npl antation energy was set to the values provided by respectively
deduct i ng 16skéls apde 26h&e fnofighed abbveugheRigongdd frigt 4 nghewms ati on
energy of 205 keV and oxy i ons Cﬁ) of the second dose ampbunt was set to
6x1015 at BAS/ExEmPhes he grbbéQBGb f6r ning €aeprstabhtici oRanphpBadtéd | ayer.
The SIMOX wafers 10 obtained with the above-nentioned nethods are referred
to as ExanpPfesl3?i Bhd- 3« 2Expmppest 2vél yhrpogbel-4coapdr BiDveSt 886 ng and
eval uati on>, The_roughness Rns_of the nmeasurenment area of 10 square

mi cronet er §1¢n { hel2@PpPhee 5T1tﬁ%d5ﬁr tayer of the SIMOX wafer of each of

Exanpl es 1&&°%i ough -2, an arative exa Jes 1-1 and 1-2 was neasured
with an AF om ¢ de %ﬁ aqw?gﬁﬁﬁ e thi®i @ ectri c

br eakd h t ft B X I | uat ed di el ect
or cakdonn CRATGTSSFhrt nEPSOVHR 5P PAYerORPSTRb SFABKCHBI 6F Jab EPGhed by

RS bt NG, 10 b o b e
thhfgﬁgLaﬁlg_T§§ g?g?&%eg%%%éhtﬂQer€E&£n59§S§m§1oEe§HEtﬁeééﬁréﬂ8ﬂ@ inFig.
area of 10 square micrometers in the surface of the SOI
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 ﬁhe first implantation energy was 165 keV or more, the

roughness Rms of the measurement area of 10 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 l
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-the Exanples 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 clear froman approximate |ine of Exanples 1-1 through 1-6,
and Conparative exanples 1-1 and 1-2 shown in Fig. 4(a), when the first
i npl antation energy was 165 keV or nore, the roughness Rms of the

nmeasurenendr bé€d. ofaslQ s quare Mo et eippidk il surfmc o Pfrtdgpd | ayer
i ndi cated the value of 4 angstronms or less. As is clear froman approxi mate

| i ne of Exanplesrdudhtirodughodn bin Bihd. t Beb Conphenat the exanpyesot-thand 1-2
shown in Fig. 4(b), when the first inplantation energy was 165 keV or nore,
t he roughhesst Rmsd ofetdmed naslaetebicas eaf ofthd 0f sgsar emphacteteders in the
interface between the SO |ayer and the BOX |ayer indicated the value of 4
angstrons ererggswaisladS kedubr, mahen the foughnespl Bmsaofonhenergy is | ess
than 165 keV, the roughness Rns of the neasurenment area of 10 square

m cr onet ergeagirepareecarda apfst ¥ orgtabpadit fuenetersr hedthat intanfache first
i mpl antation energy may be set to 165 keV or nore. [0068] As is clear from
an appr oxi%‘@*@ewnél%f OExampeesand 1tharBoghlavar shpdhcahedi ghesyaluewhen
the average of the first and second inplantations of the first

i mpl ant at i 9h 2n@RESTHRES 185 k@R or Aforde, TaHE hodgtheseage of G

measur enent., area of 10 square oneters in the_ surface of the SO |ayer

i Cr
i ndi cat ed theShaid $gcan nﬁ%?f%%%a vons of the first Implantation
energy is 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 1t 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 square
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 Exampleé
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 sguare micrometers in the interface between the
SOI layer and the BOX layer shows the value of 2 angstroms
when the value obtained by deducting the second

implantation energy from the first implantation energy was
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or less. 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 Rms of
the nmeasurenent area of 10 square mcroneters in the interface between the
SO layer and the BOX | ayer indicated the value of 3 angstronms or |less. As

a result, tifse kawer ageagihihe, Hhest igngasecondeiipkant ahiloes iekithedd rst
inplantation energy is |less than 165 keV, the surface of the SO | ayer

roughness BRmargfstreasur ement area of 10 square mcronmeters wll exceed 4
angstroms, and thus it turned out that the average of the first and second
i npl antati d9976f] t he fEFretn thepkastati ofi Brempgyesay-heahB5 3keVsabwaor e.
[0069] Fromthe result of Exanples 3-1 and 3-2 shown in Fig. 6(a), when the
first inplam dtligon 7Tendigpyranas 2@ sckord tehd arcigglneshaRnschef tdmwyereasur ement
area of 10 square mcroneters in the surface of the SO layer indicated the
val ue of 2t&eaigdiucombirtierec by weldue tolndaitied seeadet et e tatieorsecond

i npl antati on ener fromthe first inplantation energy was 15 keV.

Meanwhi | e, SRS tH1pds the Kavst Hap hpaited jondied@iay 395 aidst riafether om t he

result of Exanples 3-1 and 3-2 shown in Fig. 6(b), when the first
i mpl ant at i die SH&lGFtvds Masakdern kdargrdiatdsd ifne ofthean ERedakement  area

of 10 square m.croneters in the interface between the SO |ayer and the BOX
| ayer show@3hé™PEY&%f 2 angstroms when the val ue obtained by deducting

the second  ylantatign enefay, LLomt B8 LhosLybORLARLRLA0CRgMAY198°
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 2x10Y
to 3x10Y atoms/cm?, 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 S0I
layer and the roughness Rms of the measurement area of 10
square micrometers in the interface between the S0I 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 value 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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- 33 15 keV. Meanwhile, when it was 20 keV, the value indicated 3 angstrons.
[0070] Fromthe result of Exanples 3-1 and 3-2 showmn in Fig. 7, there was
observed a tendency that the larger the value obtained by deducting the
second inplantation energy fromthe first inplantation energy was, the
further the dielectric breakdown characteristic of the BOX | ayer was

i mproved. [QOVddtt Dohtdogerggulh fhe thecaboyec Db ALY ENaNpiest 1-1

t hrough 3-2, and Conparative exanples 1-1 and 1-2, it turned out that when
the first doseimpbamtednldher pracéssetoingothengaibe ébtsineéanbiynpl ant ed

| ayer is set to 2x1017 to 3x1017 atonms/cn¥, by setting the first

i mpl ant at i deduehengythe 465ond PPl kel thont éreesgygofidomoske afibuat in the
process of form ng the second ion-inplanted layer to IxIO4 to 1x1016

at ons/ cnZ, imhkanbightie sen®nEY of O t hedpphsed ehenge, atkarefwdd shsarved
mcroneters in the surface of the SO |ayer and the roughness Rns of the
measuremed berdenty 1thatgilae edhebeoreierkreakdpen ghersater betidenft he 50

| ayer and the BOX | ayer can_ be reduced to 4 angstroms or |ess,
respectivetye BR +H¥eSIWAOX WRPEPVED- t hat 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
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~34 inplantation energy in the process of formng the first ion-inplanted

| ayer, and setting the value obtained by deducting the second inplantation
energy fromthe first inplantation energy to a desired range, there was
observed a tendency that the dielectric breakdown characteristic of the
BOX | ayer was inproved. 35 WHAT IS CLAIMED IS: 1. A nethod for manufacturing
a S| MOX walfBRT ggq@bﬁ@MﬁDl9S€onprising the steps of: heating a silicon wafer
to a tenperature in the range of 200 to 600 C and inpl anti ng oxygen ions of
first dose amouht wi thh Be§HedtEenPramttason EreraySI@mwate# f ace of the
wafer to forma first ion-inplanted |ayer containing highly concentrated
oxygen at ﬁeﬁp?gFlﬂithc?mBﬁ%ﬁﬁEg Eher 2E8P8f Ofthe wafer: cooling down the

waf er having the first ion-jpplanted. |ayer forned thereipn to a tenperature
in the range of ea?%%%1?e%bﬂf%?%r%@f%rZ%% T WFIREr2EUFowe? FRanT#RESheat i ng

i I i i , of d d ; ith
emper aturg opd pRIgBh! 20 Qeoch on of 8 Secnd doss. prpuDl it @
o ol ankgd Amyobeus LYet GaRLLRUOUSLy herkherthest LADs LRl gpted | aver

wafer whergh he.second, fars hel 5s8habh o1 LhRBat DeyLEr ShntdeRt Ry and

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
of the wafer to form a second ilon-implanted amorphous layer
continuously to the first ion-implanted layer on a surface
side of the wafer at a second depth from the surface of the
wafer wherein the second depth i1s 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 layers
into a BOX layer,

wherein a first dose amount in the step of forming

the first ion-implanted layer is set to 2x10"7 to 3x10'7
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- 'subjecting the wafer to a high tenperature heat treatment in an atnosphere
cont ai ni ng oxygen wherein the wafer is nmaintained at a tenperature not

| ower than 1300 C but lower than the nelting point of silicon for 6 to 36

hours to change the first and second ion-inplanted |ayers into a BOX | ayer,
wherein a first dose anount in the step of forming the first ion-inplanted

|l ayer is seftch®/2xtD ¥heord3xk01Tmp3anabemshcBReryheiki k8t kaphant abi on
energy is set to 165 to 240 keV, and a second dose amount in the step of
formng tRds&eNdanehnd ralcanice ddsay emdumtsaln ttheletd 3o foetiithy
atonms/cnR. 2. The nethod of claim1l wherein an oxygen ion inplantation in
the step oftheormoogad Herf-imstl andred riplyant dds dedy eéro ilstIpef fioo nedl @it h a
plurality of steps in the descending order fromthe highest energy

i npl ant at i arfoms/anfie | owest ener gy inplantation, and an average of the first
i npl antation energy in the plurality of steps is in the range of 165 to 240
keV. 3. The nethod of claim 1 wherein an oxygen ion inplantation in the
step of formng the first ion-inplanted |ayer is perforned with a plurality
of steps in the ZascendnfgteEbed pfomlehB LoWBstedRephyOKNPEANEAR on to the

hi ghest energy inplantation. 4. The nethod of any one of clains 1 through 3
wher ei n t hé™EdE@ Pl dft 4dicor® téRetdy forming e fgirst ion-implanted

layer is performed with a plurality of steps in the
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 keV.

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

highest energy implantation.

4, The method of 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 in the step of forming the first
ion-implanted layer, and a value obtained by deducting the
second implantation energy from the first implantation

energy 1s in the range of 10 to 30 keV.
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formng the second ion-inplanted layer is lower than the first inplantation
energy in the step of formng the first ion-inplanted |ayer, and a val ue
obt ai ned by deducting the second inplantation energy fromthe first
inplantation energy is in the range of 10 to 30 keV. 37 5. A SI MOX waf er
manuf actured by the nethod of any one of clains 1 through 4, wherein
roughness Rns of 52 NERSHIEOE Nfa BE Lam@huth-c@Had ep i €hOMREERSAI Braafyr face
of an SO |ayer of the wafer and roughness Rns of a neasurenent area of 10
square m coarebér 8lkAmdnli fhebhaae 4, baheeennt keugbhelsay @msard tzhe BOX | ayer
thereof are 4 angstrons or |ess, respectively, and a dielectric breakdown
char act eri seasuebmehe BOXal ayen 0i sqhalk/ atcebnatees 38 a surface of

an SOOI layer of the wafer and roughness Rms of a
measurement area of 10 sduare micrometers in an interface
between the SOI 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.
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