re3ea4| HB6XxTDX)r SO WAFER AND METHOD FOR PRODUCI NG THE SAME Techni ca
Field The present invention relates to a nethod for producing a SO wafer
by bondi ng of an ion-inplanted wafer and a wafer and del am nati on,
so-called ion inplantation del am nation nmethod (al so call a hydrogen ion
del am nation nethod or smart-cut nethod), which can suppﬂﬁ@ﬂ”,’ﬁﬁﬁﬁﬂ“ﬂﬁﬂon of
SA islands generated in a terrace portion and generatio rat ed
in a surface of the SO wafer, s [ ai lure can be *resuced.
Background Art The ion inplantat?%ﬂﬂ%%?g§¥ﬁg?P%n method is a nethod of
produci ng a SO wafer by bonding of a wafer into which hydrogen ions or
rare gas ions and a wafer and del am nation. However, there is a case where
a SO layer is ngot nanstRr hes @JElﬁfbﬁdEGRp@ﬁzfdm{%PﬁGt%Esg fer after
del am nati on, and accordingly a terrace portion ere a surface of a base
waf er (support substrate) is exposed is generated. This is mainly due to
that the bonding strength between the bonded wafers is weak in the edge
portion ofethe waf{ersicand therefore, a SO layer is difficult to be
transferred on a base waf er side. Wien the SO terrace portion was
observed by aquéidpaés@h%r a5eePer ibh Wes Jraundebhat n@ndgl apgs which are
pi eces of isolated island-shaped SO |ayer were generated in the edge
portion oprbledS@qglays0T hafisr expepbadithatosugh $Gh -ishsngdsteame of f
fromthe wafer by etching to elimnate a buried oxide film(may be called a
BOX oxi dewhiflen) ahudiagwarfelreatidgd®yatiseadfi ), agyeeus 1o utben cont ai ni ng
HF (hydrofluoric acid) in a device fabrication process, and accordi ngly,

t hey causémgéwinten f Bbhude lbacalse: dhepeadhey e(dDsa devile fabhiyaabigem
region of the wafer again as silicon particles. Figs. 1 show cross
“sectional ivhewe lofmama edge perthied of the r$6cwafretpoeducedhbyhaaanon

i npl antation delam nation nethod. Fig. 1 (a) is a SO wafer 10, and Fig. 1
(b) showssthprestaidenéretd codge pooOii aslafids déhyradchketaincal |y shows the
state that the SO wafer 10 conprises a SO |ayer 25, a buried oxide film
26 and a baseaws eroR7ioandnal tgrnacetpont icdh 4BDwhene ratsed f Aneaof t he
base wafer is exposed and SO islands 42 which are pieces of isolated

i sl and- shapedas@ dhyeheaf®Ilgaerafer edsion tihee edigrel per tfiadrluta the bicher
hand, as SO wafers produced by the ion inplantation del am nation nethod
have beenre8¥&Sged by an optical surface inspection apparatus, it has been
found that defects detected as LPD exist. The LPD 2

Background Art

The ion implantation delamination method is a method -
of producing a SOI wafer by bonding of a wafer into
which hydrogen ions or rare gas ions and a wafer and
delamination. However, there is a case where a SOI
layer is not transferred on an edge portion of the SOI
wafer after delamination, and accordingly a terrace
portion where a surface of a base wafer (support
substrate) is exposed 1s generated. This is mainly due
to that‘the bonding strength between the bonded wafers
is weak in the edge portion of the wafers, and therefore,

a SOI layer is difficult to be transferred on a base
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(Light Point Defect) is a generic termof the defect, which appears as a
spot when a surface of the wafer is observed under a condenser |anp.

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

oxi dized to be thin. Disclosure of the Invention The present invention has
been accoppldsshed; 4d vigMedl thie fhoVEs FRALIORed I ghl Gl MWk AvggI N

obj ect of the present invention is to provide a SO wafer produced by an
on inplaptatd Qihdel am R QAL &5 80d j wheral negenar ahan @1 SPh1hslands

generated in del'am nati on are suppressed and the defect density of LPD

exi sting i igrsWEACcE Bbd® SA s¥abekd S JrNgedn it &SP pPrQwide a
met hod for producing the sanme, so that the device failure is reduced. In

order to %@E%?g%ﬂﬁeﬁgﬁé@.Bﬁphhﬁgsedb@e BSERhE bRVeRld o Proyides azso
waf er produced by an ion inplantati on del am nati on nethod wherein a width

of a SO kgl anghdegeanthRa 186K age 1Pty gepsmat et f nrddmedde portion of
the SO wafer where a surface of a base wafer is exposed is narrower than 1

nm As desggridiedbpbevening the Sl eseRbtiventhonedt Re:iXd pafar (afzywhi ch
width of a SO island region in a terrace portion generated in an edge

portion wher &zl Bed asBOkaekidearbasg whafeingsaexpeseding paruewerod han 1
nm can be obtained. And if the width of a SO island region is narrower

than | mmahn kepddiss bbhere v | cbathewicas ask WikkerS@1ustasdscdane if f
fromthe wafer by etching to elimnate a buried oxide filmduring a HF

cl eani ng &n ceweyvé céababiidataitomnp poeesss, and bdbeyrchusel geviheyfail ure on
the ground that they reattached as silicon particles to a device
fabri cati eaussgidevidecdiadi Ingty, bébaudevitdee yi etitlexan the & ngeoved. Furt her,
the SO wafer according to the present invention is the SO wafer produced
by an i on fiainpd iaod tat ©0n reeliam naf i ohenetafoer whea éinn as deinkitygnof pit-shaped
defects having a size of 0.19 (err) mor nore existing in a surface of a
SA | ayer paetteicteelsby a LPD i nspection is 1 counts/cnR or |ess.
Figs. 1 show cross sectional views of an edge
portion of the SOI wafer produced by an ion implantation
delamination method.
Fig. 1(a) is a SOI wafer 10, and Fig. 1(b) shows the
detail of its edge portion. Fig. 1(b) schematically
shows the state that the SOI wafer 10 comprises a SOI
layer 25, a buried oxide film 26 and a base wafer 27,
and a terrace portion 43 where a surface of the base
wafer is exposed and SOI islands 42 which are pieces of
isolated island-shaped SOI layer are generated in the
edge portion.
On the other hand, as SOI wafers produced by the ion
implantation delamination method have been observed by

an optical surface inspection apparatus, it has been

found that defects detected as LPD exist. The LPD



As descri bed above, in the present invention, a SO wafer having extrenely
few pit-shaped defects can be obtained. And if a density of pit-shaped
defects having a size of 0.19 (err) mor nore existing in a surface of a
SO |ayer detected as a LPDis 1 counts/cnR2 or |ess, device failure can be
reduced, and thus, device yield can be inproved. Next, a nmethod for
producing a SO wafer according to the present invention is the nethod for
pr oduci N9 @13 VB ehbp At don 1 gPhaniatd.onc debari At iafe ngbedtyherein a
lower limt an | npl antation dosage "of hydrogen ions or rare gas ions is

det er ni nediylye1d dopeadel &E NAtd9Ht PHERMENON; r aRGAD URRSE Wil ofs an
i npl antati on dosage of hydrogen ions or rare gas ions is determ ned by a

width of @paQ@riskanddeediontdidanber acenPor tADAhenga defisd tyedbct
pit-shaped defects detected by a LPD inspection of the SO wafer. If the

i mpl ant at ingry dosageeah MWHOGEN EENS 187 TAr€og8s dieansd ishalet er dioeiccdy this
manner and the ions are inplanted, the SO wafer such that generation of

SO islands,eMhi £h h§rersidy wWesguakedhddy Ul aminatiore feetsuppreessed or a
defect density of LPD existing in a surface of the SO wafer is reduced can

be produceghaSpesi pieal lahd theconpl artlaid omh ohaga saf ttydooghna GGIis 5 X
101 ions /cnR2 or nore and less than 7 . 5 X 101 ions/cnR. According to this
met hod, silgee@ whehhaofsGr regyen aof SGlidstaddsoMiichtlate. easily generated
in delam nation can be reduced to 1 mmor less, the SO wafer of which a
SO layer can be certainly transferred to a base wafer and a defect density
of LPD existing in a surface is extrenely reduced can be produced. Further,
by det er miswl ¢ derenplfanttet i bnvdosdge i n t he above range, the wafer can be
stably del am nated. As described above, according to the present invention,
a SO wafer prddaeceddseran iowentpleamtiaa$ohedal adaenp bhsechdd vineewi n
generation of SO islands generated in delam nation is_supg[essed and a
def ect densi tyhef abPReexisstihgned prafemrs, oknthe 3@ 1napedsios f

the present invention is to provide a SOI wafer produced

by an ion implantation delamination method wherein

generation of SOI islands generated in delamination are

suppressed and the defect density of LPD existing in a

surface of the SOI wafer is reduced, and also provide a

method for producing the same, so that the device

failure is reduced.

In order to solve the above problems, the present
invention provides a SOI wafer produced by an ion
implantation delamination method wherein a width of a
SOI island region in a terrace portion generated in an
edge portion of the SOI wafer where a surface of a base
wafer i1s exposed is narrower than 1 mm.

As described above, in the present invention, the

SOI wafer of which width of a SOI island region in a

terrace portion generated in an edge portion where a



reduced and a nethod for producing the same can be provided, and
accordingly device failure can be reduced. Brief Description of the

Drawi ngs FIGs. 1 include schematic diagranms showing a terrace and SO

i sl ands generating in an edge portion of a SO wafer; (a) A SO wafer, and
(b) an edge portion of the SO wafer. FIG 2 includes optical m croscope
phot ogr aphs showi ng variations of a SO island region width and a terrace
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a di agram varlatlons of

LPD den5|t|eslgco§b§g %%%;char ef §Héf§ﬁﬁﬁj{gﬁftévg prOd%gp!antatlon

dosages OMAng one exanpl é Ction process
of a SO \¥g oﬁcfgrg @%&ﬁéfh@han-l mm like this, there will be

few cases where SOI islands come off from the wafer by
etching to eliminate a buried oxide film during a HF
cleaning in a device fabrication process, and they cause
device failure on the ground that they reattached as
silicon particles to a device fabrication region.
Accordingly, the device yield can be improved.

Further, the SOI wafer according to the present
invention is the SOI wafer produced by an ion
implantation delamination method wherein a density of
pit-shaped defects having a size of 0.19 um or more
existing in a surface of a SOI layer detected by a LPD
inspection is 1 counts/cm® or less.

As described above, in the present invention, a SOI
wafer having extremely few pit-shaped defects can be
obtained. And if a density of pit-shaped defects having
a size of 0.19 um or more existing in a surface of a
SOI layer detected as a LPD is 1 counts/cm? or less,
device failure can be reduced, and thus, device yield
can be improved.

Next, a method for producing a SOI wafer according
to the present invention is the method for producing a
SOI wafer by an ion implantation delamination method
wherein a lower limit of an implantation dosage of

hydrogen ions or rare gas ions is determined by a



present invention. Best Mdde for Carrying out the Invention Hereinafter,
the present invention will now be described in detail. Inventors of the
present invention found that, in order to produce a SO wafer by an ion

i npl ant ati on del am nati on nmet hod wherein generation of SO islands 6
generated in delamnation is suppressed or a defect density of LPD existing
in a surface of the SO wafer is reduced, it is sufficient to control an

| mpl ant at Ion fepage ;eh RLAGRINbANS 0y A CugBtyd st L HENA
predeterm ned rangé, and they carefully exam ned its conditions and
acconpl i shed, the. presentydent beny, A,sRs&al hedsSAr 154 Adgawhiicthd emmi ns
at a certgﬁﬁDMA tﬁ ?n a terr%ce poréﬁ%ﬁﬂaenerated in an edge portion of the

SQ _vaf er Jhelen 28U’ 13F S Ofi dchase WAIGST] poexResagan b, abserved after
del ami nation heat treatnent. And it is considered that delam nation in an

ion inpl ar’éeﬁ}f&eedﬁb%@inﬁ{i@ﬁ AeHBod 1QGFUS B Hue 150 b &I OME i c0f sdef ect s
ydr oge

i nduced by or rare gas generat'ed during delam nation heat

treat ment and @-shr eRoth 8 r apkEevalibe expansl odugafervapori zation of
i npl anted hydrogen of rare gas. And it is also considered that in the edge

portion of therwakere hav DEntBE iRy Id&ESa HOr bifohy Besgeat Lon 0foiSQatsel ands
is mainly due to that a bonding strength between the bonded wafers is weak

under the g4¥ | uense i@f dqeodéshinedsags timi eaghnedge podtthe dbnsmfere
surfaces to be bonded, and a SO layer is difficult to be transferred to a

base waf erirghtentbf,cansd deoat wvafeaf sueh tharacterdsittonobfa Jel ani nation
phenonenon, inventors of the present invention found that if an

i mpl ant at i o4 gedage wofi dty df ©geasians geneedueed ilresde 1 Amhna tdanvend renal
dosage 7 of 8 X 1016 ions/cn2, a width of a SO island region can be
reduced. Neumbyeskbd he iapiaftati derdosageodf IMrexgestions lirs $X10' 6
ions/cn2 or nore and |less than 7.5 X1016 /cn2, the width of a SO island
regi on carsiefdceamodr dhessS@hdwa faéansid yreflupied steapede dpfrectscdtdvi ng a
size of 0.19 ,u mor nore existing in a surface of a SO |ayer detected by
a LPD inspecti 8pecdrf bmalllgpunhs cmpbantesson dosage of hydrogen

ions is 5X10 ions/cm® or more and less than 7.5X10'°

ions/cm?®.

According to this method, since a width of a region

of SOI islands which are easily generated in

delamination can be reduced to 1 mm or less, the SOI

wafer of which a SOI layer can be certainly transferred

to a base wafer and a defect density of LPD existing in

a surface 1s extremely reduced can be produced. Further,

by determining the implantation dosage in the above

range, the wafer can be stably delaminated.

As described above, accordihg to the present
invention, a SOI wafer produced by an ion implantation
delamination method wherein generation of SOI islands

generated in delamination is suppressed and a defect

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



‘The reason why. the wdth of a SO island region is extended when the

i npl antati on dosage of hydrogen ions is 7 . 5 X 1016 ions/cn2 or nore is
not clear up to the present. However, it is considered that, if an

i npl antati on dosage is |arger than necessary, delam nation occurs as

hydr ogen i nduced defects are insufficiently grown since the strength of
expansi on due to vaporization of hydrogen is too strong, and thus, the
regi on wher e 1 hat Lo CUF S| te t .S, Nhgsconnecti on
in a Iate%gllg¥%%c $§n5|?E§9§%§ Fé?a?ggxﬁgﬁﬁgﬁe?g%eggﬁkﬁréigr?eif a dosage
of hydrogg&dgﬁdégs 5H§”é€€5¥é&h§ﬂ§/8%@%o§oﬁgﬁih9%<Haﬁk%§CEéd%@%d.
strength expansf on " due to vapori zation o ydrogen 1s not sufficient
since the inplantation dosage of hydrogen is too small. Thus, a SO |ayer
is only partially transferred to a base wafer, the whole surface of the

wafer is ggliéﬂf'@@'éei‘&g%o%%ffeh@, Drlaw@sgéound that the SO wafer can

not be m up. Consequently, 1t I's necessary to control the 8 dosage of

hydrogen to 5 &1 hong dii8e 08 oARERANG beagrbhan showbn¥ 20E&iiansécm
in the ion inplantation del am nation nmethod. And in order to stably perform
del am natigny ddie !Lg@b%@tsatdf@@eggﬁaa ii$) pief engll Yoox5i o 1864l gyest cn or
nore, nore preferably nore than 6 X I0-6 ions/cn2 to produce a SO wafer.
As describedabove, as to the inplantation dosage of hydrogen ions, the
exi stence of the optinumrange of the dosage was reveal ed. And, in

consi deration of)the sapovg Feghanngim (bt g£ancbigesyaposednt bat tid sSOI
phenonmenon is also applied to the case where not only hydrogen ions but

al so raregasetons are inplanted. Further, when a surface of the SO | ayer
was observed by an optical surface inspection apparatus, it was found that
a density of defectg deicriédsasplkRRadependsosroare ipipbangakipdrs dosage of
hydr ogen ions, and when the inplantation dosage is 7.5X1016 ions/cnR2 or
nmore, LPDstagwel eyt ramglayt iows eased. SAT hosgantdPbe gexitsteddaboand? a
counts/cn2 or nore when the conventional inplantation dosage of 8 X 1016

i ons/ cn? wasciapeantedh dBsecdnne csharlpd yidecdeaslethit ot iooodotsgan® or

| ess. As described above, in the present invention, an lower limt of the
i npl ant at i drord®éan®) pf hydrogen ions or rare gas ions is determined by a
del am nati on phenonmenon, and an upper limt of the inplantation dosage of
hydr ogen ions oa)r &r.& ¥adf pngb) s edeét énfithedahy & aji dt hS &1 &' °SA i sl and
region in the terrace portion 9 or a density of pit-shaped defects
detected by a EPD.i Bspextad odiaprifme SOwiabeVarHertel past ef, LttHe present
invention will be further explained in detail with reference to the

drawi ngs. densinips 4 dqwwehant) shBwad Ghesekbapre drekdelve to 10n

implantation dosages.
FIG. 4 is a flow chart showing one example of a
production process of a SOI wafer according to the

present invention.

Best Mode for Carrying out the Invention

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

Inventors of the present invention found that, in
order to produce a SOI wafer by an ion implantation

delamination method wherein generation of SOI islands



production process of a SO wafer in the ion inplantation delam nation

met hod in which a hydrogen ion inplanted wafer is bonded to a wafer and

del ami nated. Hereinafter, the case of bonding two silicon wafers will be
mai nly expl ained. The ion inplantation delam nation nethod in which a SO
wafer is produced wafer and a wafer and nethods of A and B of of processing
steps. explained. In the process 1 by bonding of an ion-inplanted

del am nat | of.e | e, Lch Jall HeRt- i fbhecgrder First,
t he nethpggﬁeagﬁﬁa%ei%fé?ggﬂﬁ% %odéﬁ?ﬁgvéﬁf rr%%g%olished §?€?con waf ers
are requi B%ist'ocfeof)rﬁgﬁr %%is% | $n WaIR1,Sr 20-2¢ 2he VW £hyak@ Sald sTied
W th speci i'Cationg of a evi ce, %re prepar ed. ?n the process 2, at |east
one wafer, | th el 494 54 roel 135 0xkgi zgd L doimapiex de film
30 havingrgdpﬁﬁgkheggm% gbouti%%%ﬁg.g%kef¥?¥n1on ﬁté gerace. I'n the

Process SagBudioasn §0Rs el o £2098,1 0% 6al TRLAA 66 (i ggen [ ons are

i npl ant ed "her ace of the other wafer 21 to forma

m crocavi by J et ki ARkantedid ayeny 48l ararglage heneiradi orsdepth of
10 the fons In parallel wth its surface. And itS inplantation

t enper at ULg i tof & 8T aBLY 22-4RIL: sHBG RRcessedehs titerdiocess such that a
hydr ogen ion 1 nplanted surface of the hydrogen ion inplanted wafer 21 is

brought into conkgckaMitdy assurfacanef, threi oxi denfdilns 39 f or pedtenid he
wafer 20 to be joined together. By contact of each surface of two wafers

under a chaaniptmsphere ratcd 09Tt eBRe ik at 8t h nwafrersd ge eppeitriash
w t hout an adhesive agent or the |like. Next, the process 5is a

del anmi nat iogn theatsdreabret piocess sualrddatofha jriswediaaéer iiss separ at ed
into an upper silicon 28 (del am nation wafer) and a |l ower SO wafer 10 (a

SO |ayer e2posa@d puchadbexistes 78026 f e bdseamdhert i251) hyaan i npl ant ed
| ayer 40 which is a boundary. Wen heat treatnent is perforned at a
t enper at ure eaf t @t 600&ndr inories unokes ide rieterthaasdaf mosplereont he jaei ned
wafer is separated into the upper silicon and the |ower SO wafer by growth
of hydr ogdrnd ndusedndeftactrs dehemnated ichr imgthbd delcarm nadion thea
treatnent process and strength of rapid vol une expansion due to
vapor i zat iggrowath | ofl detfedtty dindenedTiey deyanbganedmupperesgbiscon 28 is
removed. Additionally, as one of ion inplantation delam nation nethod, it
has been devedopeddr duerily ddbaminpltamratheati saeadmeentphadt @ in a state
of plasma so that the del am nation process is perforned at room |
t enper at userdmgthi efcaseid heo Abtee edalams hani eiehdm vYgporization

of implanted hydrogen or rare gas. And it is also

considered that in the edge portion of the wafer having

the terrace portion, generation of SOI islands is mainly

due to that a bonding strength between the bonded wafers

is weak under the influence of polishing sags in each

edge portion of wafer surfaces to be bonded, and a SOI

layer is difficult to be transferred to a base wafer

side.

In consideration of such characteristics of a
delamination phenomenon, inventors of the present
invention found that if an implantation dosage of

hydrogen ions is reduced less than a conventional dosage



treatnment is unnecessary. Then, in the process 6, since the bonding
strength between the wafers joined with each other in the process 4 which
is the joining process is too weak to be used, as it is, in a device
process, it is necessary to subject the lower SO wafer 10 to heat
treatment to have a sufficient bonding strength. This heat treatnent is
preferably perfornmed for thirty mnutes to two hours at a tenperature of

| 050- 1200C r, aB inert, gas atnps r ddi{ af it J.s..possible to
continuou?F;Qggg#grn#ggﬁéﬁ%hétgoggﬁggf ?eét%éﬁ;q?%i%ﬁg %%ﬁ%%?g éégnd
bondi ng heat tteatpgnt in the process 6, i.e., to continuously perform

del am nation heat treatnent in the process 5 and bondi ng heat treatnent in

the process 6 WiAboyl om0 kBe Upnari Shl Liegagerler Koabegdel agated in

the process 5 ower er, or it 1s also possibl'e to perform
heat treat, 1eomining ot QQQ% t t (A 06egsSes nds W the t he heat
treatnentagﬁq%ﬁgééssgghg/ e%%ir1 %eégéogggg'%h%%igh%isﬁg tgﬁ%ﬂ'

pol i Shi ng {prOGesSeh Mhir @ -9t | 81 BAdl S REFSOT BBE b 1A roh egred ey faace S0
so that the stock renoval of the polishing can be 70-130 nm preferably

about 100 _n e e hi, 951 quald ty; 29 owafper; gL0, havi ng
a SO |ay§rq¥?ﬁ%%?g %?gﬁﬁﬁ%¥$%€%§§y%%§ééﬁﬁﬁntlﬂ ék%gss ﬁhichois a Iay%r

havi ng norpcrystpbrdeteclsy iGap b Br educetbe 12 aN&XIT bsyte geeamidwd for
producing a SO wafer according to the method B, in the process 1, two
mirrorpol ighed sPbi ¢aBpeafter Sn 28aande23, ybhshsdcam’satd Sfdad. with the
specification of a device, are prepared. In the process 2, at |east one out
of two wafers, Theereadtmn wath¢r tB3 isidtterogl by SO di gkantio rkariorani oxi de
film 31 having a thickness of about 0.1-2.0 ,umon its surface. In the
process 3edtiidgenwhems fe r fmplgas aitonsn adeshopl aft edyd hpdeogearonons are
i npl anted here) froma surface of the oxide film 31 on the wafer 23 to form
a mcrocavid y7 | ayer0'¢i mpm et layetidordliat rast aveeage upenss rehéon depth of
ions in parallel with its surface. And its inplantation tenperature is
pr ef er abl p12E&B&50C. Hoheywwocess 4si sartel gevedsshsuich 1haana surface of the
oxide film 31 serving as a hydrogen ion inplanted surface of the hydrogen
i on inpl antmgzll awteti2d idodrgaght letrygeonntlen wedesdwersilicon wafer 22,
and by contact of each surface of two wafers under a clean atnosphere at a
room t enpetstamenaboohn wefeessape hoidreeyent haducehdieEegEsageit or the
| i ke. Next, after the processes 5 to 7 conducted by the sanme processes as
t he met hodgusf Sok endfler G eHnasdAideoring i $AreRidikneds AHPeRHAR Hoe
crystal defects can be obtained. In the present invention, the ion
i npl ant at iteh GRRAFe zal e ef nBYRAEOT Sy dkDgeACT S WP | ABAaftetF i nEBCone
wafer in the process 3 of the ion inplantation delam nation nmethod is 5 X
1015 i ons/XG@LOR Whe&Cartfl@ginagion ipgryrs Enxthel $e#be AbSdr dikgrEo
this, awdth of a SO island region in a edge partion, of the SAO. wafer,
which is égsily ﬁ@ﬁéﬁ%Q&PWnlﬂeﬁa%@%ﬁq%%,gégﬁcgéQQa £9 %9%1%ﬁﬁ%ﬁdﬁes&
and a SO wafer of which defect density of LPD existing in a surface of the
SO waf er §% ¥KBFEALIRY reduced can be produced. Further, when the
i npl antati on dosa%e falls within the apbove range, the wafers can leﬁkably
[

del ami nat ed. HEPETRSRerlft hedfrdsntof nV¥AFCHr WP bESExa hed

T ted ¢ HEt bR AR el BF UeT nOChehE? Mot ERRGTEl it 1 FEPa st ed
frotd, a ST con Srrse o5 bol 53 i o Bl o8 Pl GPaREERY R SIS
rystal wadgrbaBLal At G AP Rar el B Frbr 587 SHed T PR vt or s
botyper ant Tok; SV v broh B Bty O e A B R T R e Bied  n ¢ he

whol e Crygfgjg&%iyo;m%h%f ofterd. s The s faece f &qg%gggfﬂ Sp YRS JEBasy g g

terns of a surface 1 nspection apparat 1, product of KLA- Tencor

corpor ati o). - @8dril Was fLUNEoLARY (e CELBALOT0 Wi FEAMBREN Rft Gpd9 . um oF
e

nore exi sted:
made up. Consequently, it is necessary to control the



14 . (Crystal Oiginated Particle) was a void type defect having a size of
about 0.1-0.2 a m which is one of grown-in defects. Next, based on process
conditions below, three SO wafers per each condition were produced from

t he wafers produced above by an ion inplantation del am nation nethod. 1)
Thi ckness of a buried oxide film 145 nm and Thickness of a SO film 160
nm 2) Conditions of hydrogen ion inplantation; |Inplantation energy: 56
keV, Dosages.. i X. st r f 4 53Dy sl b = q 9 X 4016, 7 .
0 X 1016, g@%.adgé fﬁo?gg%é)%%%g(lgml;a(long/jocnrrsg/.cﬁ) (&I]Tg?ﬁ@ﬁa%néin%heat

t reat ment %gpﬁy 6 jATey; i putes, sphere: an inert
gas (Ar).?'}f)-g_ ond?%]déffea?%&%e/a%hnentl} %%eratu?ngﬂﬁﬁ%g? Time: 2 hours. 5)
Touch pol igghihghn st 96K WV : AR AM AfdeFr thesSGh mpfessrwere produced
based on each dosage descri bed above, the SO wafers was neasured about

each SO ehand 20l 8A, Wirgih ﬂﬁﬁl%ﬁ%&%&%ﬁ”%@a?é a ORYA£pk rgheroseope. The

results of the neasurenments are shown in Table and Fig. 2. Fromthese

results, btives foundohhab -therw didopé phe Aagion, wheseet BRa806 kslgands 42
exi st was sharply expanded when the hydrogen inplantati on dosage was 7.5X

1016 i onsikbeyd/ @h? s eprbdutlers sdenwalierwi dth of a SO 15 i sl and region
was expanded, the width of the terrace 43 was al so expanded by the sane

t endency. Furtherdektcridsed catpdvehataswten the hygdrlegers dobageosasyd ess t han
5 X 1016 ions /cn2, formation of defects and strength of expansion due to

vapori zat hgriraigdydiogen ithdoéx sptbneicerdf stheeophd nymirogegei mfl artiat i on
dosage was too snmall, a SO |ayer was only partially transferred to a base
waf er so thata gel aasnativera lood whadked sul haoerof i déeawabar dfelthé nabove
difficulties, and therefore a SO wafer could not be produced. According to
t he abovemeehidn Ssmi nidr dem tioe nanpowstde tSGLtt ehiacphemidhennd reduce
generation of SO islands in the hydrogen ion inplantation delam nation
met hod, t héd sy drénednplcanttat i casdosdagerd snptebpadablhydesgenhawns . 5 X
1016 ions /cn2 . Further, when the inplantation dosage is |ess than
7.5X10-6 borts 3p@ apdes gad OuGnsoase/ cifpbanhede, the terrace w dth and
generation of SO islands are al nost the sane |evel.
Further, when a surface of the SOI layer was

observed by an optical surface inspection apparatus, it

was found that a density of defects detected as LPD

depends on an implantation dosage of hydrogen ions, and

when the implantation dosage is 7.5X10*® ions/cm® or

more, LPDs are extremely increased. Although LPDs

existed about 2 counts/cm? or more when the conventional

implantation dosage of 8X10'® ions/cm’ was implanted,
LPDs can be sharply decreased to 1 counts/cm? or less.
As described above, in the present invention, an
lower limit of the implantation dosage of hydrogen ions
or rare gas ions is determined by a delamination
phenomenon, and an upper limit of the implantation
dosage of hydrogen ions or rare gas ions is determined

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



16 (Table 1 ) ItenHydrogen ionSA i sl and

regi onTerracew dt hi npl ant at i onwi dt h[ ] Exam dosage[ mr o. [ x1016i ons/ cn2] 14 .
550 layer could no" be transferred . _e abase wafer25. 50. 22.236. 50.
32.247. 00. 32.257. 51. 02.668. 51. 53.2 On the other hand, LPD densities
in each surface of SO wafers produced under the conditions of each dosage
were neasured by an optical surface inspection apparatus (SP-1, product of

KLA- Tencor,,Cas p&é}ﬁ%%gg}) ngrﬁgegﬁgb%@I ﬁ]gfe@{SLlag%_evg{aﬂse@.g aUmpQy nore,

and the region i edge “portion IS exclusive was mm The aver age

of LPD.degﬂéﬂé?t%Bnt%%‘%H rsg4rf{aces-in three standars of the dosages are
shown in Fig.” 3. Tt shows that when the inplantation dosage is 7.5X1016

i ons /cng or ”Réﬁeihg@sce?f,e shar plry ddier easednrand, when1t he irplandati on
dosage is | ess than . 5 X 1016 ions /cnk, LPDs are suppressed at the sane

level . Th%{)}f‘gggéfneh”ihh%ié{%bfdw%hp&%k{&wﬂcé 89 wwed earhyiagsi.on

i npl ant ati am nati on nmethod, the hydrogen
Fig. 4 is a flow chart showing one example of the

production process of a SOI wafer in the ion
implantation delamination method in which a hydrogen ion
implanted wafer is bonded to a wafer and delaminated.

Hereinafter, the case of bonding two silicon wafers
will be mainly explained.

The ion implantation delamination method in which a
SOI wafer is produced by bonding of an ion-implanted
wafer and a wafer and delamination has ,for example, two
methods of A and B of which are different in the order
of processing steps. First, the method A will be
explained.

In the process 1 of the method A, two mirror-
polished silicon wafers are required to be prepared.
That is, wafers 20 and 21, which are satisfied with
specifications of a device, are prepared. In the
process 2, at least one wafer, i.e., the wafer 20 is
thermally oxidized to form an oxide film 30 having a
thickness of about 0.1-2.0 gm on its surface. In the
process 3, hydrogen ions or rare gas ions are implanted
(hydrogen ions are implanted.here) into one side surface
of the other wafer 21 to form a microcavity layer

(implanted layer) 40 at an average penetration depth of

10



dosage to be inplanted is preferably 5 X 1016 ions /cn2 or nore and |ess
than 7 . 5 X 1016 ions /cnR2, nore preferably, 17 5.5X10'6 ions /cnR or
nore and | ess than 7X1016 ions /cn2. The present invention is not |imted
to the enbodi nent descri bed above. The above-descri bed enbodinment is a nere
exanpl e, and those having substantially the same structure as that
described in the appended clains and providing the simlar functions and
advant ageshar € di¢| udedaira 1tihel seopR aft 4 huprgsent hAnventdspn. For exanpl e,
in the above-described enbodinent, it is explained by exenplifying the case
where a siihi0Qh i Ngbe ¢yiata ater 1kay s &r sbagebe-of08 | nahps is used
However, the present invention is not limted thereto and can be applied to
the case whesse$s sil ieonhsd notecesyskalcnafiest havhpgireoghantvar of 4-16
inches or nore is used. Further, the present invention can also be applied
to not onhyplhettagesal fheuia® beewagrirsiddgonoai Aghd aiyst alvawafrerxs] but

al so the case of bonding between a silicon single crystal wafer and an

i nsul at or isulstoagiet (such asom@ct zwiahurd naar sapphiofe,ttos skhideorfilm
carbide). 18 CLAI MS1. A SO wafer produced by an ion inplantation
del am nat Bon fietrihed whetéien vaa e dt POoftca L8O j b Shadd treegtdnern aByerrace
portion generated in an edge portion of the SO wafer where a surface of a
base waf econg aaxposédershharumiecet bdn tivanwaRerA S8Odesafarcpeeduced by an
ion inplantation delam nati on nethod wherein a density of pit-shaped

def ect s hatmuprhareeasf m@dm § gypeor tores, exdthi wgfiara snef acensfd a SO

| ayer detected by a LPD inspection is 1 counts/cn2 or less. 3. A nethod for
produci ngwWa tSutwaier abipesi vomgaptasrattiion dekeni nati on net hod wherein a
| ower limt of an inplantation dosage of hydrogen ions or rare gas ions is
det ermi ned by Mexel ahsatdorcphendnmesorg d@damnnafgan |hedt steatment

i mpl antati on dosage of hydrogen ions or rare gas ions is determned by a

wi dt h of R®ro@ess|anghr &giadn the al cepcscavdpr¥i 66 6eratehedt ynéP @i shaped
defects detected by a LPD inspection of the SO wafer. 4. A nethod for

pr oduci ngURPSA %\h¥éﬂoﬁy Z8n (Hnl amphamrian) orgBer anPadt idnl a¥eKod%hrerin an
i npl ant ati on. dosage of hydrogen ions is 5X1016 ions/cn2 or npre and | ess
than 7 . Bafem1¥0/ éagpSOlidayer 25 + a buried oxide film 26 + a

. AF. AhF. AAF2. Al . AF. Ah3, AUY. Al . ALY, A Y. A{F2. AUF2. AA. AAF. A{. Al . Al . AF. A
AI/?nz{]“?ﬂéﬁ&§ﬁ@%§§]éﬂpcéphéFéa}@ﬁﬂééTﬁﬁic%?%%fcéPcéﬁE%%&a}éaFca]ca]ca]ca]

cal cal cal gal cal cal Cal gal cal cal cal cal cal cRalcal FIKabs= o e

temperature of 400-600C or more under an inert gas
atmosphere, the joined wafer is separated into the upper
silicon and the lower SOI wafer by growth of hydrogen
induced defects generated during the delamination heat
treatment process and strength of rapid volume expansion
due to vaporization of implanted hydrogen. The
delaminated upper silicon 28 is removed.

Additionally, as one of ion implantation
delamination method, it has been developed recently that
implantation ions are implanted in a state of plasma so
that the delamination process is performed at room

temperature. In this case, the above delamination heat

11



Cy ,
DE~} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca! ~) 3kl z{}
I 1Jj k} xsni d_Z] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
ajca]calca]calcalca]calcalcalcalcalcalk !PQst;<=Z[p
]*}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calc
alca]Ca]C%i&égﬂﬁéﬁélEé]%ﬁﬁﬁﬂﬂ&@%&%&@'pq_d&'9qr
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] catgah¢aliealiard cgtk68kGs 6, since the bonding strength
+, P12\ ] gr Wb} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ealeal €] eakcahalcal €9} eahcaliaal cai b Coderuy 3P MRw-bxsidk Z] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca]ca]ca]calc
a]Ca]Ca]C@U%ﬂi@ﬂcﬂéckﬁ@gﬁofhin? Brbdeds is too weak to be used,
}xsni d_Z] ca] ca] ca] ca] ca]ca]ca]caJca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ea] ciad cag caj ealcalop] 68! process ! !it;is necessary to

"NHOH. $/ $$SYOZ YOO ENEOE~&&&} xsni d Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
0\6/1\]/ Caglvca] @?1](}53]3&@@] enkcalsalcajoa) aalfed] cial ced cakea] cajeainahealken ifdgs>" ?'

%
))))))***h+sﬂfﬁlciéﬂnl%dﬁdm@gakcabm@uhﬂ(xﬂnxﬂcﬁéa&hﬁﬁa&ﬂma@tahea]ca]ca]
ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]calcalcaljcalca]cal---h.i..... rrvrriljl)l}
/111 EOFOO@ae A=l ¥lperformed for thirty minutes to two hours at
2! 2} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ecalalcal saheal e cr) sa} ¢al0l0d02vuA 2222033844 4+50555%6+688. 8{ 8| 8888
899:: ~:}xsnid_Z]ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca
] ca] ca] capdajaadplwatreal cal] caljcal cajcalcal ~:::::J; K <<===
>>0>1>>>>>QB @ Q@ @ @ @) xsni d_Z] ca] ca ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca]Bafcslicaladal ta) ta] 68 calcniledicabeajad] taloa b GaaNS NBATEN Eo Ef
FgFFFFFFFFFGR0GLGNG_GGEGEGEGHH, H7H|mmnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]ca caj cal ca
]ca]ca]caﬁ@ﬂ&%@@&}@@pc@ﬁﬁﬂc@$@éFmﬂHﬁﬂm%]tb?cﬁp@ﬂ&ﬁﬁc%]éﬁ 8] b HHI
1 JJIJIIIIJIRKSKKKI Lj LLLIVWM
M M M M MIRAM B2 BRIt d] ik af 28] PElsESch] ©a] EaFca] de) caPRb]-BaPEEa] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal MNVNWINNNNOC65O6 OPP! PdPe PPPP
PIQKQQQ, RAR G RARRAS) REHINR 1 %a}I@é]tcaqrc%aféra?ea] é&) ] AP EAFESFcal ca€a] ca]

ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca a]ca]ca]ca]ca]ca]calS/SOSSSSSSbIICTI|||||
T heat treatmen he 'process 6 without removing

the upper silicon wafer to be delaminated in the process
5 from the lower SOI wafer, or it is also possible to
perform heat treatment as combining the heat treatment
in processes 5 with the heat treatment in proéesses 6.

Then, in the process 7, which is a touch polishing
process, mirror-polishing is performed for a cleaved
surface 50 so that the stock removal of the polishing
can be 70-130 nm, preferably about 100 nm.

After the above processes, a high quality SOI wafer
10 having a SOI layer 25 with high uniformity of film
thickness which is a layer having no crystal defects can

be produced.
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VSVWEVNVOV~VVW| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! VWWWWSWONPW W W VWAV
XXXAXEXOXXX3YVZ\\\\\\\\\ ]} xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

ﬁlc?lﬁﬁlgﬁlﬁﬁ}ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!]][]\]]]]]]]PAC?

| Caf o8 caf e iy 2h) CaFEa PR Ra Ra e o erberkagiey rekanlamka pol ogl 52
;Ei?;giCaff%ﬁi%ﬂ%??Cafcgfmlfneﬁ%%?cafcé]cé?%%]%gfcglga]ca]ca Cgﬁcéica]ca]ca
s () e RO T ) S Bz o% L) S Slod U%lrfc? 297 HBL LML ()51 110%eq
&182)@620(4; J—%ﬁ éﬁ%%@%@)ﬂoﬁﬁbéo% &.]a?)éé‘%)ﬁ!\%%é#%%%@d. In

the process 2, at least one out of two wafers, i.e., the
wafer 23 is thermally oxidized to form an oxide film 31
having a thickness of about 0.1-2.0 um on its surface.
In the process 3, hydrogen ions or rare gas ions are
implanted (hydrogen ions are implanted here) from a
surface of the oxide film 31 on the wafer 23 to form a
microcavity layer (implanted layer) 41 at an average
penetration depth of ions in parallel with its surface.
And its implantation temperature is preferably 25-450C.
The process 4 is the process such that a surface of the
oxide film 31 serving as a hydrogen ion implanted
surface of the hydrogen ion implanted wafer 23 is
brought into contact with the silicon wafer 22, and by
contact of each surface of two wafers under a clean
atmosphere at a room temperature, both wafers are joined
without a adhesive agent or the like. Next, after the
processes 5 to 7 conducted by the same processes as the
method A, a SOI wafer with a uniform film thickness
which have no crystal defects can be obtained.

In the present invention, the ion implantation
dosage at the time when hydrogen ions are implanted into

one wafer in the process 3 of the ion implantation

delamination method is 5X10'® ions/cm? or more and less

13
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than 7.5X10'® /cm®. According to this, a width of a SOI
island region in a edge portion of the SOI wafer, which
is easily generated in delamination, can be reduced to 1
mm or less, and a SOI wafer of which defect density of
LPD existing in a surface of the SOI wafer is extremely
reduced can be produced. Further, when the implantation
dosage falls within the above range, the wafers can be
stably delaminated.

Hereinafter, the present invention will be explained
specifically in reference to the example, but the

present invention is not limited thereto.

(Example)

By using a MCZ method (Magnetic field applied
Czochralski method) in which crystal was pulled while
applying a magnetic field, a silicon single crystal of
which so-called grown-in defects were reduced was pulled
while controlling pulling conditions. The ingot of the
crystal was processed in a normal manner, and mirror-
polished silicon wafers (a diameter of 200 mm, crystal
orientation of <100>, conductive type of p-type, and
resistivity of 10 Q * cm) of which COPs were reduced in
the whole crystal were produced.

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

having a diameter of 0.19 pgm or more existed. The COP

14
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Next, based on process conditions below, three SOI
wafers per each condition were produced from the wafers
produced above by an ion implantation delamination
method.

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

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

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

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

5) Touch polishing; Stock removal: 100 nm.

After the SOI wafers were produced based on each
dosage described above, the SOI wafers was measured
about each SOI island region width and terrace width by
a optical microscope. The results of the measurements
are shown in Table 1 and Fig. 2.

From these results, it was found that the width of
the region where the SOI islands 42 exist was sharply

expanded when the hydrogen implantation dosage was 7.5X

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

15
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island region was expanded, the width of the terrace 43
was also expanded by the same tendency.

Further, it was found that when the hydrogen dozage
was less than 5X10* ions /cm?, formation of defects and
strength of expansion due to vaporization of hydrogen is
not sufficient since the hydrogen implantation dosage
was too small, a SOI layer was only partially
transferred to a base wafer so that delamination on
whole surface of the wafer fell into difficulties, and
therefore a SOI wafer could not be produced.

According to the above results, in order to narrow
the SOI terrace width and reduce generation of SOI
islands in the hydrogen ion implantation delamination
method, the hydrogen implantation dosage is preferably
less than 7.5X10' ions /cm?. Further, when the
implantation dosage is less than 7.5X10*® ions /cm? and

5X10' ions /cm® or more, the terrace width and

generation of SOI islands are almost the same level.
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(Table 1)
Item| Hydrogen ion SOI island region Terrace width
implantation width [mm]
Exam. dosage [mm]
NG . [x10'°ions/cm’]
]_ 4 . 5 SOI layer could no%t be transferred %tc a base wafer
2 5. b 0. 2 2. 2
3 6. b 0. 3 2. 2
4 7. 0O 0. 3 2. 2
5 7. 5 1. O 2. 6
6 8. 5 1. 5 3. 2

On the other hand, LPD densities in each surface of
SOI wafers produced under the conditions of each dosage
were measured by an optical surface inspection apparatus
(SP-1, product of KLA-Tencor Corporation). The measured
size of LPDs was 0.19 um or more, and the region in the
edge portion which is exclusive was 5 mm. The average
of LPD densities in the wafer surfaces in three standars
of the dosages are shown in Fig. 3. It shows that when
the implantation dosage is 7.5X10'® ions /cm® or more,
LPDs are sharply increased, and when the implantation
dosage is less than 7.5X10' ions /cm®, LPDs are
suppressed at the same level.

Therefore, in the method of producing a SOI wafer by
an ion implantation delamination method, the hydrogen
dosage to be implanted is preferably 5X10' ions /cm? or

more and less than 7.5X10' ions /cm®?, more preferably,
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more is used. Further, the present” invention can also

be applied to not only the case of bonding between
silicon single crystal wafers but also the case of
bonding between a silicon single crystal wafer and an
insulator substrate (such as quartz, alumina, sapphire,

or silicon carbide).
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CLAIMS
1. A SOI wafer produced by an ion implantation
delamination method wherein a width of a SOI island
region in a terrace portion generated in an edge portion
of the SOI wafer where a surface of a base wafer is

exposed is narrower than 1 mm.

2. A SOI wafer produced by an ion implantation
delamination method wherein a density of pit-shaped
defects having a size of 0.19 uﬁ.or more existing in a
surface of a SOI layer detected by a LPD inspection is 1

counts/cm? or less.

3. A method for producing a SOI wafer by an ion
implantation delamination method wherein a lower limit
of an implantation dosage of hydrogen ions or rare gas
ions is determined by a delamination phenomenon, and an
upper limit of an implantation dosage of hydrogen ions
or rare gas ions is determined by a width of a SOI
island region in a terrace portion or a density of pit-
shaped defects detected by a LPD inspection of the SOI

wafer.

4. A method for producing a SOI wafer by an ion
implantation delamination method whrerin an implantation
dosage of hydrogen ions is 5X10'® ions/cm’® or more and

less than 7.5X10'® /cm?.
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