,e3e’ ]$j &6Ty SPECI FI CATI ON METHOD FOR PRCDUCI NG SI LI CON WoEER, SI LI CON
MAFER AND SO WAFER Technical field 1591S9'" The present |nvent|on rel ates
to a method for producing a silicon wafer, which can pn
generation and degradation of flatness in a production”ﬂ,ﬁ@@@gﬂ@mmglI|con
wafers. In particular, it relates a | apping and etching pr

Background Art Conventionally, %gﬁggﬁg?gmggﬁf waf er used for ‘an integrated
circuit such as I1C and LSI or a‘th conductor el enent such as a
transi stor and a diode is produced, the production is performed according
to the processes, for exanple as shown in Fig. 7. First, a silicon ingot

rown by |, CROcRRaLspoaBIon (2 Teyadh, FLpaLifG.Z0ne. MRkhodo( FZ

met hod) or Shape rcfng process (A)
by use of such as an inner dianeter & Iﬁ?r or mnre saM/ hbxt in order to
prevent such as cracks on a side face of the wafer, a perlpheral ﬂort|@

the wafer is chanfered in a chanfering process (B), and themwmmm Wﬂmw of

the wafer is subjected to | apping by | oose abrasive grains
process (fQcHiiddprone d ! atness. After that, wet etching 1 isupesforned
in an etching process (D) to elimnate nechani cal danmages generated on the
waf er in the Bhover-oiQeessesentderrd N e LU iNGdHREEFHr M rror-polishing
is perforned on one side or both sides of the wafer surface in a polishing
process (ddaodutlichd hershyi dormiwa e, paltiishedtssi Igrearenwaipardis gy oduced.
CGenerally, as to the abrasive grains used in the | apping process, alumna
based fi neerapiwh naterdead rsadatel ammicf f lissechssAnong tdreucati qor esent, FO
abrasive grains nade by FUJI M | NCORPORATED has been used as a | apping

mat eri al dorcesseni condiusirowaeyst.al Isuphragceilkircontwatéasesanad they hol d
usage rate of about 1000 in Japan. Particularly, #1000 FO abrasive grain

( maxi mum ldiraigteran@Eighigly esxsesiasage grain diameter: 14.0-12.0 ,um,
#1200 FO abrasive grain (maxi mumdi aneter: 25 umor |ess, average grain
dianmeter: 10.8-9.2 ,um or the |ike has been in heavy usage, since the
abrasive grains having the above grain size properly match the surface
precisio akgrndg waf er (see Hi gh Precision Processing Technol ogy of

Figétagdr?égr'a for. Eygftronlcs f %E;H?%%f f”ﬁ§§ %%)by Sci ence Forum

integrated circuit such as IC and LSI or a discrete
semiconductor element such as a transistor and a diode is
produced, the production is performed according to the
processes, for example as shown in Fig. 7. First, a
silicon ingot grown by the Czochralski method (CZ method),
Floating Zone method (FZ method) or the like is sliced into
a wafer shape in a slicing process (A) by use of such as an
inner diameter slicer or wire saw. Next, in order to
prevent such as cracks on a side face of the wafer, a
peripheral portion of the wafer is chamfered in a
chamfering process (B), and then a surface of the wafer is
subjected to lapping by loose abrasive grains in a lapping

process (C) to improve flatness. After that, wet etching



Moreover, in the etching process, the wet etching is perfornmed to elimnate
mechani cal damages generated in the wafer production process as descri bed
above. This wet etching includes acid etching by use of m xed acid
consisting of hydrofluoric acid, nitric acid, acetic acid and the |like, and
al kal i ne etching by use of an alkali such 2 as sodi um hydr oxi de and

pot assi um hydr oxi de. Al though, in the above acid etching, an etching rate
and the coAdPEr6ATBEdallaflr cSaRIRGcPBPERFSt o) ke e hied@dtde control |l ed by
altering the proportion of the conponents of the mxed acid, there is a
probl em tR&FNaPHERL| FAMRIRAI AERPREECHSOPeHRP AV iPY kR, TRE ARNRER of the

f i dinth i ng. S is d ded.. On th th hand, th

Above ol KAFPRESBREhi iy T - HSat s RSPl TR e g s
| ow, fl at f.th fer.i dint I i be.
et al noHeT EREREALET T HaCwt UE RBvETGE GBbUCT | E e RArEEeSobb e netr af t er
th t chi ng. n 1 h t ti il f i hi gh
latnece RogobeshiFaqErassnaehr noil Ehafihl PRt Tt e tro P e Sl oyed
wi del y. C?QYEBE%°Q§%E¥’i%hﬁPoaﬁgéﬁine etching is perfornmed, the
a kal'i i

concentration of an a e conponent in an al kaline etching solution is

| ess t han 48-égﬁe§§1§§kgﬁg LB QﬁgeéﬁkaSEQQ gga?ﬁgﬁh%gg gglgﬁéon havi ng t he

concentration o I ne component hi gh y wel ght has not

been i ndushphahypBARLEY¥Eda 1 BRCAHSBaLHET €1HhE Papb PG e tbAlaTsYSEal | i zation
of the alkaline component occurs. However, such generally enployed al kaline

etching spbhuhilongsBave Anhpedeat, U %/px%géhﬂ,h@to tder0diGh ngrdiaise on the
pl ane (100) is about 60-100 tinmes different fromthat on the plane (111).

Ther ef or emabecByseUOIMI NI RCSRPERATED Has t Becrl kedd nes es chamgi h@s t he

probl em that mcro roughness on a wafer surface after etching beconmes 3

| arge. Nametgrial fivera sempbordscboracwasesl ssutlacesi silacge wafers,
and they hold usage rate of about 100% in Japan.
Particularly, #1000 FO abrasive grain (maximum diameter: 30
um or less, average grain diameter: 14.0-12.0 pm), #1200
FO abrasive grain (maximum diameter: 25 um or less,
average grain diameter: 10.8-9.2 um) or the like has been
in heavy usage, since the abrasive grains having the above
grain size properly match the surface precision of a
silicon wafer (see High Precision Processing Technology of
Crystal Material for Electronics, pp. 257-261, published by
Science Forum Inc., edited by Masahisa MATSUNAGA) .

Moreover, in the etching process, the wet etching is
performed to eliminate mechanical damages generated in the
wafer production process as described above. This wet
etching includes acid etching by use of mixed acid
consisting of hydrofluoric acid, nitric acid, acetic acid

and the like, and alkaline etching by use of an alkali such



(surface roughness is large), it causes the problemof particle generation
that, for exanple, as to convex portions, the convex portions are broken in
a device fabrication process, which causes the generation of particles.

Mor eover, as to concave portions (pits), a stock renoval in polishing nust
be increased, and the increasing of the stock renoval causes the probl ens
that the degradation of flatness of wafers and the decrease of production
yield in 8SpSPHeHMnGYPreEeds are PREappedl NKHdBPYEESto sol ve such probl ens,
t here has been s ested an_etching nmethod conbi ning al kaline etching with
acid etching ﬁﬁtﬁgggﬁreéEhtagné PV%i§C§gl@E&héﬁgpaﬁgs@tﬁg%ﬁﬂtrEE?d-open

i
t he ngnbe eoFogF68§%S§sngaﬁg%?gﬁgeﬁge|R¥?R89%%38ro%e %?eﬁ%%@?n?ﬁé?e has
ol ution 55 arEcredel PRidansiEel el Ehrro R BN KRRF) K. 11171693
{he. above BBl anESar FPcPEREFy B Sar beur b ol PRe  nvast T on Ther of or e, t e

pr esent igﬁggbbga Was + gcgg§%5ﬁ§39¥beegs égisglggd&ae above problens, and

its objec S to provi or producing a silicon wafer which can

prevent degradat ikgRs ehetUhbace toHOAREsS af kbkhenwabternand hhatpgss of the
whol e wafer, and a silicon wafer with high flatness produced by the nethod.

In order kevaeRbgeethhe abave @bpeetchihg paesent kED¥RNt EDALRESYI ges a

met hod for producing a silicon wafer, wherein the nmethod conprises at | east
a | appi ngtheocassrbympgeveti noshecabappivg gracessandnabeehshhbginedcess by
use of an al kaline etching solution, lapping is performed in the | apping
process bwgndse&hok abeasaferghaivhaghgeodgfaatmgssuorgrienodtameedr of 21 u m
or less and an average grain dianeter of 8.5 u mor |less serving as the

| oose abr afitee ghei aschang. af Irertheatecenttrpnedust per faf medligort he et chi ng
process by use of an al kaline solution having a concentration of an

al kal i ne vefipsRentisresgeryhnehghiabneadr bagebepngragui hedatkarene, et chi ng
solution. As described above, when a silicon wafer is subjected to the

| appi ng ptbeead katpre| g5phaggi bapePeeRnBEPhYYESeWdfedBr asi ve grai ns havi ng
a maxi mumgrain dianmeter of 21 ~ mor Less and an average _grain di aneter of
8.5 a mor |e§§n¥§P§Pﬁﬁaéthh§h?Bo§ X3hrBSi $ECHLAPNSS BgféngﬁQt, t he
etching i erformed in.the etchin ocess by use, of an_al kaline solution
havi nga CORCERRFRLE SRS PR ARt arRar KB CORpORENPISRE 6B B Borohtisr mor e
serving a 2 _al |.ne _etchi o] 1on,_and fhereb he _surface, roughness
of the si?F%ggnaaggéhginrSghggggckﬁég g§ogg§s£ awsﬁéh%eﬁﬁc%%nggal’

drasti cal Lyqand 8) b 6ansuafet Wi fh, 900 fLaLARSS, £AD. bg, Bde., Mor eover

according sinceé a stock renmoval 'n a subsequent po ng process

can be reg%@?‘iinéh@?ﬁlﬁ%éﬁ@?h%‘h_@ft thahnsss Bgt?ug§gfg?flﬁﬁscﬁ8tb§e8flevem ed,

I polishing tinme, the redu on e anount of a

and.thg reduction o . . .
pol i shi ngigadsapdapol éﬂﬂjtamg%/ég,e%e&ngé Haede Ol st Beplbkecpr engxpected, and
therefore it also leads to the inprovenent of the productivity and the

reductioncef;sthelg¢estsonl 8t Bhe gaBgliné tempbeéetabteutvat the al kaline
conponent in the alkaline solution is sodium hydroxi de. As described above,
since the al kdbiweeegpnpaninyenprally employed alkaline etching

solutions have the selectivity such that the etching rate

on the plane (100) is about 60-100 times different from

that on the plane (111). Therefore, because of this

selectivity, the alkaline etching has the problem that

micro roughness on a wafer surface after etching becomes



the al kaline solution is sodi um hydroxide, the effect that surface
roughness i s remarkably reduced can be obtained greatly, and since it is

i nexpensi ve, the cost can be reduced. Mreover, in this case, it is
preferable that the etching is perfornmed while controlling a tenperature of
the al kaline solution within a range of 80C 300C. As described above, since
the etching is performed while controlling a tenperature of the al kaline
sol uti on ¥¥%En the range of 80C-300C, the etching can be perforned while

mai nt ai ni ng the siate,ff t he sol ution having high concentrati on w thout
generation of VeR§sYal +1 ZBICHR BPUGHRCSE KA | e A el \(/)JI"?eW? he

concentration_of the alkaline c onent.is increased. For, exanpl e, when the
concent rah%f%?et%%u%ﬁk%ﬁ’? ne> Frlent1g Cauges g%l? WQ?%]ied%tor?t he

tenperature o{ he al kaline solution is contyolled.at 200C ahd when t he
concent r atibh

_ et%%n%]f%‘él_r?rhet ao%’poﬁ%rnte}f%m g 6y wel gt Vhe t enper at ur e
of the alégg##fgngol%&?é 0oQ %‘Ze’?%ﬁf@“ﬁ A amtt;é}gé}l tﬁrﬁaercféawcee of 300C. In

t hi s case, I'S"préfera an al um na based e ppihg material is

used as t . abr.asi ra| and,ddsi I t hat the

al um na bgg%%f??ﬁle&ﬁ)a%g?angs%h?’éﬁ% 'S %éhs aﬁ%f%ﬁ%ﬁ??ﬁappi ng materi al
made of amiiiU1gs Of ML, AREATI RIS cRREIEHECAp1aB askve grains. To
give a specific exanple of a'l apping material serving as such | oose

abrasi ve gf@tRSrehd@a FQ 205EB1 3181 8 dhistase DycFddddd, |MORHARATED i s
avail abl e. As descri bed above, the FO abrasive grain of # 200 or rougher

hol ds usapecraéeing @botiie 1O08ck Nrdpal daeséapmaprichpand areed by use of
t he FO abrasive grain of a higher nunber (abrasive grains of #1500 or

finer) theme adegragatiomabt ofieat ek tderebfetdeargendiatdarreaid @dOf danmages
and scratches can be | owered, and the production can be perforned
efficientpyodotideryioekd it i oereflermblprodeds tdee conoemtedt i on of the
al kal i ne conmponent in the al kaline solution is 700 by wei ght or |ess.
Al t hough a hi §heprdencentsatee shdlal prebehsit ivwis mghoesite preferable,
if the concentration of the al kaline conponent is 70% by wei ght or |ess,
the etchif@gggastee gn etching method combining alkaline etching with

acid etching in which each demerit is solved (Japanese

Patent Laid-open (Kokai) No. 11-233485). This etching

method can reduce surface roughness of wafers by performing

acid etching after alkaline etching, but has problems that

performing the acid etching slightly degrades flatness of

wafers, and the number of processes is increased. In the

other references, there has also been suggested a method by

use of a high concentration alkaline solution as disclosed

in Japanese Patent Laid-open (Kokai) No. 11-171693 (USP. No.

6099748), but it is difficult to say that the method can

solve the above problems sufficiently.

Disclosure of the Invention

Therefore, the present invention was accomplished in



performed under the condition that the tenperature of the solution is about
80-90C, in which operation is relatively easy. In addition, if the
concentration variation is controlled by a hydroneter, the concentration of
the al kaline solution is stabilized, and the etching can be perforned

Wi t hout generation of precipitation of the al kaline conmponent in an etching

bath. And, . accordi.ng to the present invention, by the above pr.oduction
net hod, a’s¢Yi ntl'\‘éfaetPo i R’/&E@ & f Tou L gr%ﬁchvﬁ S 94 ower ed

d which h d fl be. . i ded. ] di h
L TN
f. t f t
s STl ISP PR T A AR L 1,
ctened suckaces A UsOHULe Yahue of 2.0l NLIRR VRl uip sag)e Ol A ddil ckness

di fferencé of a shape i n the periphera 1'on er agai nst a

referenc.e%lsgé&@&?rt%?tﬂil@%{ﬂ i a thickness displacenent of the wafer

surface im a cen region of the wafer is 0.2 ~ mor |less. As described

above, since thesshiicop NehEEvefthdeRbes e ddventn O Rdse@n absol ute
value of the sag of 0.2 ~ mor -less in the peripheral portion of the wafer
except a {Q@beFh i thw e ldean 4 ragt BodefdPhgrcdueinth of diel W efa iy t he
etched surfaces, the silicon wafer has a flat surface up to a peripheral
portion ofhéheinefies , matttbd hesmbor sed her siddcomn iafgsi tp\imeasd ange
avai l abl e region for 8 fabrication of devices can be nade. Furthernore,
in the peusphef al opes talore ©fvé heravaierarek captetachagy @rogddd oyl uge from a
peri pheral end of the wafer on the etched surfaces, an absolute value of a
maxi mum vaf uen (allsz)ind etchape $olutieon hildomssy did frrefoemeasd i peri pher al
portion of the wafer against the reference surface can be 0.2 u mor |ess.
Si nce t hetls¢ | lapmingfrroesss Hey piesedli dbmagitvorgoaimhavaving nly the
absol ute value of the sag of 0.2 u mor |ess but also the absolute val ue of
the rise mixim@n wmor dexeetier the Peripheralleper ahdnanf avhcagaf er except a
region within 1 nmfroma peripheral end of the wafer on the etched

surf aces, J¥Ht siianerenaders havit igod LeFPhEETVIEAE 88r FREelOPsSEo the

peri pheral portion of, the mq%er can In this case, it , can becone a

de.
S 11 bon vEPERSIVHATEA NS A TTB AT oF S e & ISP TRAS T s ( 100)
dth t.ched f f t ili f ! tch pits.form
ar o srEIRAAS SRacl ol Sy Sdd 900 RN DR SR RS 1 0o

and mor eoyet .. a1 Gon el ero wher ol n @y aYEIA0E 812 Of, Lhs ghohpits is 6

u mor le escri ove, e etched surfaces of i con waf er

of the prlggle@tséf_n\y i on eaBE&Eirge% E%%ﬁ]ﬂ%%%%l mat el y squar e- shaped

openi ngs, and the size of the etcl duced at 7 u mor less, or
even 6 U m Orad e9SsOF; NG A98ve Wiigdn Wass 110f - oDt AeH Dy &%\gf@éﬁé&nm

etching, and therefore, flatness of the etched surfaces can
to the lapping process, the lapping is performed by use of
abrasive grains having a maximum grain diameter of 21 um
or less and an average grain diameter of 8.5 um or less
serving as the loose abrasive grains, after that, the
etching is performed in the etching process by use of an
alkaline solution having a concentration of an alkaline
component of 50% by weight or more serving as the alkaline

etching solution, and thereby the surface roughness of the

silicon wafer after the etching process can be reduced



be further inproved. And, for exanple, such an etched surface having a
smal | size of etch pits is used as a surface for chucking in the case that
dry etching or the like is performed, and thus chucking failure can be
reduced drastically. Mreover, since such etch pits of small size can be
elimnated easily by subjecting the etched surface to mrror-polishing, a
high quality silicon wafer can be made, and_a stock _renoval in polishing
can be réHiaSdd,CadAd I a K Igiasdu tBinan Widan 9099 ApRéReds FANadEi ti on,
there may be the case that the etched surface, is, for exanple, golished
with sligfdsst odRTRENEYal 268G RPoF P 8ssSHBCHE® USRACK | FERHE pr esent

i nvention, such a case is al.so.included as the etched surface according to
t he present qrﬁHQﬁQQH?Q£5Héiléi§n@h@I§F@ﬁspFP§ P@nﬁﬁﬁupﬁ§¥e5ﬁ9 Further, as

to the plain orientati (100) according _to the present _inventiaon,, not only
the waf erda%r t&I?nploa{ip &l@r]qrbe?ﬁsatq%gﬁ?‘les%&& ISP %ﬁoprgmeni go £RE waf er of
whi ch plain qrientationds incli.ned. up to out I are included.
Even if ?:rpee \léefog‘lrcq%e%l a%fsIploglhl‘(ShrlEl it&gqel’or?%or,regépfgéﬁg]eg%og%lFangl e for the
pl ane oriﬁpfg ' I a8 - i B of_ surface
can be fur e&!?ﬁ%%ﬁ&%@%ﬁ?#ﬁ?tEgpggﬁgggﬁgﬁ§lpﬁé%§%§Fe%0e?%é§%%%§§gh as the
reductio : j I a I GHQenen i reductivity can
be reali zncehg'J K m%?&%t%%é(ﬂ%eﬁid, ndtfil)h&_ertz)béove Os?él irlgotr?l%flgf eltre%ggn_%%e?gﬁe a
si licon vwaislovaieieidy aHonfuhictity thyReId $hR BepRictd Jnedrsthe ty is 0.01
err] cmor less, a plane orientation i's , an e etche
[ ] I I t at 10 (100) d the etched
surfaces @fsttdhe silicon wafer have etch pits form ng square-shaped openi ngs
with four sides along a crystal orientation <110>, and noreover, a silicon
waf er wher ei mrarcraver@ags: Siize of gleretadipithmt $hé wlRadrineess. Ceneral |y,
in the case that a silicon wafer has a low resistivity, in particular, a
silicon wafmerorientp-itry peheared Xedsiree rsesivgtiion iy afodd vl hiyeimolkicdkm.or | ess, it
is difficult to reduce sizes of etch pits because of the decrease of its
et chi ng rat e AHolesaribeat alvaiag sinaechahmr eslémtl liney empomengvem i f a
silicon wafer is p-type and has a low resistivity of 0.01L ~ cmor less, the
aver age d$ihee adfkadtigie Falaitiipn Be siddisgn hysfrex &er efdesd tHag ~ mor
| ess, or further 7 a mor |less. Therefore, since the silicon wafer exceeds
in flat ne3¥IGiCa FOUSTaRES sify fada e bdes ciadye@dalseve Pec PRERILAG ai | ure in
dry etching can be reduced drastically, and further, by polishing the
et ched sWeEdeY a MYF GRS ity 1§ ITAEFP SRS c &R EOSHt &2Re@Swi t h hi gh
producti\ﬂéﬁﬁ ditionally, in the case that the silicon wafer having such
a | ow rediS¥i5fi%y is subjected to epitaxial growth, it can be nade into an
epi taxi al wafer having gettering abil,ty, and. therefore, .the wafer can be
effectively l}’goer Qs h]Ignght al i S)F’sulﬁcstlrsatpé:effgerrag%et éc%?.t Ij—%ret her, on the
af or enent t: iR .a l, .regi.o fer, aver age
val ue of%?a%;ﬁqgfﬁgﬁgiwa&%%%gi?hgﬁ éﬁgﬁﬁ%éﬁéggggiggﬁ%ggggn o% tﬁggwafer

sur face %%gﬁgﬂ%(g%fﬁﬂﬂdﬁldf%ﬂin %lra QQS%@HgggPQ ve, since the silicon

waf er of resent” 1 nvention can have average val ue of the wavi ness of

0.G4 u mor l@sieddr MRCPBSADN st @MING fdiRdhisid 11GoRaiBmedur t her nore,
according to the present invention, there can be provided a silicon wafer,

wher ei n ghilleagioran®1diidey of tdipeetatiee i taceslehitihe akoweisnl i con wafer
of the present invention is mrror-polished. As described above, if the
silicon vafterin sHebtainied of 8§0°C-300°C, the etching can be

performed while maintaining the state of the solution

having high concentration without generation of

crystallization of the alkaline component even when the

concentration of the alkaline component is increased. For

example, when the concentration of the alkaline component



by mrror-polishing the silicon wafer of the present invention having etch
pits of small size and a flat etched surface up to a peripheral portion of
the wafer, it can be a mrror-polished silicon wafer which exceeds in

fl atness and surface roughness, and whi ch has a nanot opography of an
extrenely high level. In this case, the silicon wafer can be made into a
silicon wafe erein in er| heral portion of t waf er pt a region
W thin 1 POBnS et Pbher IS GroioF L ¢ He el or Lo the e G BH 1 @hed
surface of the siljicon wafer Qﬁgn absolute val ue of a nlnlnun1value (sag) of

a thicknesd aPPFePbhed 3F 20Qfapanch Whed &8 AN TIGHLoSH Odf thRe waf er
ofer s ur P LERETRESaBNbRARE, B0 0 Sh helhg fe:‘t'rﬁénﬁes@%we%@é g "
descri bedanQY%neswf ti{gﬁ‘ 51&,'&8 r&f‘i&g f%t; regeg{gée p%élcverﬂé' Shis a

waf er wherelrn~in a periphera por on o aregion within 1
mnmfrom a ég perlpheral end of the wafer on the m rror-polished surface,
an absolu? value of a sag is 0.5 u mor less, it beconmes a high quality

i rror-polished shiiconsualer of whie r§yiéa€1@atsaﬂeémi@5 tsd

peri pheral portion of t ernore, 1n this case, silicon

waf er Canf?ﬁe”BQﬁpiﬂéQmékétiéPOfsW@é@ﬂ adherei Tob e aPeid Pher@dta Ry tion of
the wafer except a region with nm from a peripheral end of the waf er on

the i rrOén@OJLtSbgda§%f§1ﬁ@feﬁab9@s@w&etrv@l ARufn® wasddumyal ue (rise) of
a thickness difference a shape in the peripheral portion of the wafer

agai nst alagbpenenoetsutédnces obh adnedf {¢0Mm aertdnt g kngssithy s eeeieEnt of the
waf er surface in a central region of the wafer is 0.07 a mor less. As
descri bednalievef simtettbhe oflatanivafsvraditdegprasennd werddon is a

waf er wherein in a peripheral portion of the wafer except a region within 1
mm fr om aalpraspherataems. of the wafer on the mirror-polished surface, an
absolute value of ariseis 0.07 u mor less as well as an absol ute val ue
of a sag is 0T6 @ivicor $pecific oweopre af nirlappPpodisaeersilicon wafer
having further high flatness up to a, peripheral portion of the wafer.
Further, 28EWHEYNEStIIERlPPIR cMRTERVERt TR NS heklee cBER Hr3i¥8 ded an SO
waf er having.a structure such that an i nsul at or f|In1and an SO | ayer are

| ami nat edJ¥ l%rra%qieokﬁthWJFrw %ﬁ’@%%@sﬁf%ﬁé%ﬂo@ t%e afSove
mrror - Pobished sl Lon. YAl SL L, SX8IPL €rd fn W0 2 UBTSE I dgduced
holds usage rate of about 100% in Japan. The lapping is
performed by use of the FO abrasive grain of a higher
number (abrasive grains of #1500 or finer) than a
conventional one, and thereby the generation ratio of
damages and scratches can be lowered, and the production
can be performed efficiently.
Furthermore, it is preferable that the concentration
of the alkaline component in the alkaline solution is 70%
by weight or less.
Although a higher concentrated alkaline solution is

much more preferable, if the concentration of the alkaline

component is 70% by weight or less, the etching can be



a. bondi ng nethod by use of the mrror-polished silicon wafer of the present
i nvention, a width of an unbonded portion where a peripheral portion of the
waf er is not bonded when the wafers are bonded each other can be extrenely
reduced, and therefore it becones an SO wafer having an SO |layer up to a
regi on near a peripheral end of the wafer. On the other hand, if an SO
wafer is produced according to a SI.MOX nethod by use of the silicon wafer
of the prieSCHTRR GG, - € QMsHar Cart Hidy 618 FISHD SIS0 Cp 106 1 t 5

peri pheral portion, and therefog& it becones an SO, wafer having a |arge
avai | abl SN ot IR &t of 18eVPé68 GRetatacredPoRChahtvalY

eri pheral end qf t wafer. according,to the present.invention,
Pher o s Sl ool 20T ReBn ikt Bhe BREPErhPRaSe PReRRERE e e an ot ched
rface o t | ne i r.face .si de l.ai,n ori tion of the

giul i con véajcf%r?]??sélé%ﬁ ,a ?ﬁ’:a&réjt%téﬁcee ’51} | accéar%%ﬁeﬁ%lctﬁo& Ito?qIEt relm' ng

square-s i W 1] I rystal. i entation <110>,
aﬁd an a@?gagleﬂgelez@e&%ft%iqe% %}Ua&ﬁlé%fe@es%gﬁim%g% Iézcscg.ln%; < %s%%”l bed above,
in the S'r#éfﬂhﬂ@é %iﬁ{oﬁﬂq%é?fé?.saq{ltod %‘&eﬁ}fe%gaiac%tﬁl‘b%r%&etﬁeze of the etch
pits form ng square-shaped openings on the etched surface can be 6 ~ mor

l'ess, whighd s MerdondBdntang Gan d1Qthibey ehita ned conventional ly. And, if
such an etched surface having etch pits of small size is used as a surface

for chucki ng Ay} heceasei ddhato il oL g Brerttheod | kg itheperdsrared,
chucking failure can be extrenely reduced. Mreover, since etch 14 pits
of smal | mtadicaobeneasid,y eldilingiredvdfierp@fi siiing tswe felceghed surface, a
high quality silicon wafer which exceeds in a nanot opography can be nade,
and si nceaugtroeds rismirad stiircgddlyi dhiweg-eshrarue whadihe éths igicedpr oductivity can
be inmproved. Further, the present invention also provides a silicon wafer,
wher ei n thietgidds oarrwdfepdtasidad .et ched surface on at | east one main
surface side, a conductivity type is ptype, a resistivity is 0.01 [err]cm
or less, a planetleyemeaouhngd thehsd Inrasentafisyvan: (ar0)thanse astrched
surface has etch pits form ng square-shaped openings with four sides al ong
a cryst alPOMEGHRTDR SFCoTanE T avdiesg sibakhofsides efchbsits is 7 ,u m
or less. As described _ above, in the case of a pntépe silicon wafer having a

mow r esi AR VP15 FBPSSUERES &€ 1 § @ 3ly PHHEACRUIE t o reduce
the etch pit size. But, .in the .present .inuventiaq even if, the ﬁIIicon waf er
has such 9 JVA 5 I SHISRY v T Ol aPagH TS L 4T Kb S BET ST A She

il t I d d 7 ~. I . Such tch pit
i ze of PRIk HL AR e S et r A e A R
resistivify . Mo er (?%g)ﬁﬁfgsd ct%g}(‘%{]ﬁg%f\s%g%?%r&&c%ﬁ I);jeeS er i%xceeds

in flatness of the etch ce, ailure in ching can be

ot TEL B R et b, Pl BB S ehed R oy
Fur t her Mo F AN CH1SUGTRR Ao e rSididss HildRaranrin®r FaRnhkS wafer

surface in a central region of the wafer is 0.2 pum or less.

As described above, since the silicon wafer of the

present invention has an absolute value of the sag of 0.2

um or less in the peripheral portion of the wafer except a

region within 1 mm from a peripheral end of the wafer on

the etched surfaces, the silicon wafer has a flat surface

up to a peripheral portion of the wafer, and therefore the

silicon wafer having a large available region for



be made into an epitaxial wafer having Bettering ability by performng
epitaxial growth, the wafer can be effectively used as a high quality
substrate for epitaxy. In this case, on the etched surface in a central
region of the wafer, an average value of a variation (waviness) of a

t hi ckness di spl acement on the wafer surface can be 0.04 ,umor |less. As
described above, in the silicon wafer of the present invention, since an
aver age vedpeledtHoRmeRf el ¢es ocoYy Defiasie| ess, it becones an extrenely
flat silicon wafer. In this case, a main surface which is the opposite side
of the etched$tFraEBORaN b BFi PRBIRRRTE S HRRF SteT fle, thdhd¥didileover on the
mrror-polished surface of,the sjlicon wafer, a structure such that an

| nsul at orS¥FPR - S Qo R Ar | Griha diP Ty S%h Yo B med. | As
descri bed apove, if a mai,n surface which is the opposed side of the etched
surface of THe OF I TROCWAIST P55 a7 T o2 1T SHEE SUHTARE the structure

h th o I il a_ | a | .amn d,.i d b
casily ToMRaR AL HAEort 3 oiting Bt SehR R Sy e >
t hod, S t i ) i h
ga a/af eréﬁ%( ér%%l%&g?%sl %%%%s%l%%%boﬁa%ﬁ cﬁe@g‘ﬁuer a%glecaessuc o
descri bed 3Pf¥8é éénq%go%ﬁ? g“¥e6¥ f'gg.quality SO wafer such that a
Xtr

chucki ng FaitUFe €Eh e e nel y reduced in the case that the etched

surface i s usgdn@s ensUE{BLEoh Oha E8HCKE Nthe Yresdis: dBRELA DR, abave,

according to the present invention, there can be provided a nethod for

produci Ngh@ysi hbe opn V@ f efe WSS &1 ik & hea TS hod quImyd s ese @ Iapphngrprocess by
use of | oose abrasive grains and an etching process by use of an etching

sol ution, ] 8Hs ashiea DA F1%e Nays HhuBe eI RIMPaine digeter ©f2 Zimacem or | ess
and an average grain dianmeter of 8.5 ~ mor less is used as the | oose

abrasi ve beas nsn anel mer Bblkenta hepsot 1dn oot hidhwe nep fae e anoesdtr &t iy iadn an

al kal i ne conmponent of 500 by weight or nore is used as the etching

sol uti on.wirhler®ebl/, mf of r@x apbe; ipherdl cand waf drheofwadlexctorsitfeace roughness
is grear~ly reduced and of which flatness is good can be produced.

Mor eover et $erfacedssilit estbiceuuiafer gulvistd iy fumntddm & agubsequent
pol i shing process and to reduce consuned quantities of a polishing pad and
a pol i shiFigr EeatuP tHe TheprRreRherat RRGHRT iQh thhandide Gadia i on of
costs can be achieved. Also, the silicon wafer and SO wafer of the present
i nventi of*®%h° be made into high quality wafers having a | arge avail abl e

region for fabrication of devices up to a regjon near_a peripheral end of
the wafer. Br %ft%&il%ﬁ%?iohto?aTrﬁé%f@ﬁm%g%l %iﬁnjwqé?ﬁifWQé&ﬁkﬂtashomjng

L1 B SOuhL0, SRR Lol 16y S P HELET B S PUSTAT LA R on- o
etched surfaces of the silicon wafer have etch pits forming
square-shaped openings with four sides along a crystal
orientation <110>, and moreover, a silicon wafer wherein an
average size of the etch pits is 6 pym or less.

As described above, the etched surfaces of the silicon
wafer of the present invention have etch pits forming
approximately square-shaped openings, and the size of the
etch pits can be reduced at 7 um or less, or even 6 um or

less on average, which was not obtained by conventional

etching, and therefore, flatness of the etched surfaces can



of silicon wafers after etching observed with a mcroscope. Fig. 3 is a
bird s-eye view of a silicon wafer 17 produced by the production nethod
of the silicon wafer of the present invention. Fig. 4 is a bird s-eye view
of a silicon wafer produced by the production nethod of the silicon wafer

I n which etching process is conducted by an etching nmethod conbi ni ng

al kaline etching and acid etching. Fig. 5 is_a schematic explanatory view
showi ng diR EEmRe BIPECTPDpi A§apparatisided FHCh ﬁapﬁFﬁgeﬁrocess. Fig.
6 is a schenatic explanatory view show ng one exanple of a polishing

appar at uSSHSRFS Mav T i S hiTRYL prfds € BEED PLtS 45 URch&% 3showi ng a

conventional _method fqr producing.a silicon wafer. ,
surface fgr C uéklng 1n(%he case that dry etching or the

like is performed, and thus chucking failure can be reduced
drastically. Moreover, since such etch pits of small size
can be eliminated easily by subjecting the etched surface
to mirror-polishing, a high quality silicon wafer can be
made, and a stock removal in polishing can be reduced, and
thus the productivity can be improved. 1In addition, there
may be the case that the etched surface is, for example,
polished with slight stock removal of 0.5 pm or less to be
used. In the present invention, such a case is also
included as the etched surface according to the present
invention as far as the etch pits remain thereon. Further,
as to the plain orientation (100) according to the present
invention, not only the wafer of which plain orientation is
exactly (100) but also the wafer of which plain orientation
is inclined up to about 4° from (100) are included. Even
if the wafer has a slight inclination or, so-called, off-
angle for the plane orientation (100) as described above,
flatness of the etched surface can be further improved as
in the above, and therefore, effects such as the reduction
of chucking failure and the improvement of its productivity
can be realized.

On the other hand, the above silicon wafer can become
a silicon wafer, wherein a conductivity type is p-type, a

resistivity is 0.01 £ *cm or less, a plane orientation is

10



Fig. 8 is a sectional schematic view show ng schematically a shape of a
silicon wafer. Fig. 9 is a graph explaining the relation between the

t hi ckness di spl acenent of the silicon wafer and the rise, sag, and wavi ness
of the wafer. Fig. 10 is a graph show ng the neasurenent results of the
rise, sag, and waviness of the silicon wafers according to Exanple 4 and
Conparative exanples 7 and 8. Fig. 11 a graph show ng the neasurenent

resul ts of1@Presand Erereiihed cfulfrces 19% dhanafleriscFe dEhdavs® Exanpl es
5-13 and Conparative exanples 9 and 10. Fig. 12 is a _graph show ng the
resul ts ofCRANDEED ORI EPH & SSTHREFSRINGE APHRMI S WLIEERH &16lend

Conpar ati ve example 9 asured in WN S| ZE of the region . of 0.5 mm
X gP5 nmalong gpcrystgf or{entatlon <110>, an moreoveé% a 5& icon

wafer wherein an average size of the etch pits is 7 um or
less.

Generally, in the case that a silicon wafer has a low
resistivity, in particular, a silicon wafer is p-type and
has a resistivity of 0.01 Q *cm or less, it is difficult
to reduce sizes of etch pits because of the decrease of its
etching rate. However, according to the present invention,
even if a silicon wafer is p-type and has a low resistivity
of 0.01 Q+cm or less, the average size of etch pits in
the silicon wafer can be reduced to 8 um or less, or
further 7 um or less. Therefore, since the silicon wafer
exceeds in flatness of the etched surface as described
above, chucking failure in dry etching can be reduced
drastically, and further, by polishing the etched surface,
a high quality silicon wafer can be obtained with high
productivity. Additionally, in the case that the silicon
wafer having such a low resistivity is subjected to
epitaxial growth, it can be made into an epitaxial wafer
having gettering ability, and therefore, the wafer can be
effectively used as a high quality substrate for epitaxy.

Further, on the aforementioned etched surfaces in a
central region of the wafer, an average value of a
variation (waviness) of a thickness displacement on the

wafer surface can be 0.04 um or less.
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Fig. 13 is a graph show ng the results of nanotopography in the silicon
waf ers of Exanple 6 and Conparative exanple 9 neasured in W NDOW S| ZE of
the region of 10 nm X 10 mm Fig. 14 is a graph show ng t he nmeasurenent
results of sizes of sags in the silicon wafers according to Exanple 14 and
Conparative exanple 11. Fig. 15 is a graph showi ng the neasurement results
of sizes of rises in the silicon wafers according to Exanple 14 and
Conpar ati ve eRanprecriberi gboye,i §1nCe| BliehattiepPrpradiai A§ BRSSO wafer by
an ion inplantation delam nation nmethod. Fig. 17 is _a graph shomnng t he
neasureneBFeﬁ8§El@§V8Pt%PHtﬁénoﬁaﬁﬁbéﬁﬁéag?eﬁﬁ%%g ?h ?%% Ry 1p@s raf
accordi ng to Exanpl e 15 and Conparative exanple 12. Fig. 18 is an

expl anat oPy O¢i & {7 1868 aiii MEPIASA S Ereiefdthddadf sd WgPess of the

waf er. Best .Mode for Carrying out the Invention
wafer.

Furthermore, according to the present invention, there
can be provided a silicon wafer, wherein at least one side
of the etched surfaces of the above silicon wafer of the
present invention is mirror-polished.

As described above, if the silicon wafer is obtained
by mirror-polishing the silicon wafer of the present
invention having etch pits of small size and a flat etched
surface up to a peripheral portion of the wafer, it can be
a mirror-polished silicon wafer which exceeds in flatness
and surface roughness, and which has a nanotopography of an
extremely high level.

In this case, the silicon wafer can be made into a
silicon wafer, wherein in a peripheral portion of the wafer
except a region within 1 mm from a peripheral end of the
wafer on the mirror-polished surface of the silicon wafer,
an absolute value of a minimum value (sag) of a thickness
difference of a shape in the peripheral portion of the
wafer against a reference surface obtained from a thickness
displacement of the wafer surface in a central region of
the wafer is 0.5 um or less.

As described above, since the silicon wafer of the
present invention is a wafer wherein in a peripheral

portion of the wafer except a region within 1 mm from a

12



Her eaf t-er, enbodi ments of the present invention wll be explained in

detail. However, the present invention is not limted ther

et o.

The

inventors of the present invention found that an al kaline solution having a

concentration of an al kali ne component of 500 by wei ght or

nor

€ was

prepared, al kaline etching was perfornmed by use of this solution as an
etching 19 solution of a silicon wafer, and thereby_surface roughness of
the silicoeti@heralasnidwiorde® waferf ort kee PoUneTrrRaL1FAREI AGTRASES,

perfornmed in a previous process of alkaline etching by use

of

| oose

abrasi ve @faiahsHarbenyad ueaofmemsgoails @i-amptferobfleds u i dr1eI@mes @d an
average grain dianeter of 8.5 u_mor Iesﬁr,é,r and thereby the effect of

prevent i ndti®&y 1iteh S8 PR esu gh
kabl vy, dt t ish_.th . ti t
Mot hod T or gl irig e U8t 1500 6n B EPed GpPOATG Mal T SREL 7

i_on.

§8Ta WG terathe ¥51GBr VAL RSPNed

Nanely, in a

§t "8*F&ppi ng process

by use of | o0 rasive gr.ai and. _an etchin rocess by use of an
a?/kal i ne et chisEeﬁJgt Iaqqroeﬁ? Hr]a[){;sﬂlﬁ’g qaésepert?) rr?g(ﬁicﬁmt ng[%p&%ﬁlggﬁr ocess by

use of abrasive Qraing Havifg < gl FLnd%tag%E:?thgtlra%lgg

and an average graln diranmeter o J5°U mor [ess as e [00s
rains, a er tdat , i IS :per hn, th C

gf an aIkgﬁiﬁ%k§3PUtloﬁxﬁ§§ﬁhggékﬁgﬁﬁéﬁgﬁgﬁﬁo% 0 gﬁ%glgapgﬁgb

rg&gh_less
abrasi ve
pegss by use

conponent of

500 by veighi 4 vHY 8% ke akakiine #LeRhingneel Wiheaceandnt hereby, a
silicon wafer of which surface roughness’is drastically reduced and of

whi ch fl atipessdte 9RAh T e nebliainedalfe desee)bed abeweckBysdsing the

| oose abrasive grains which are finer (higher nunber) than conventi onal
ones in thefRRRINME POeShaptedharihealbcadphees 1Caprie oheddcedeand
generation of deep pits can be prevented in particular. And if this |apped
waf er haviwaf drewgmclizaniac ale fdammges s2@face obtained from a thickness

displacement of the wafer surface in a central region of

the wafer is 0.07 um or less.

As described above, since the silicon wafer of the

present invention is a wafer wherein in a periphe

ral

portion of the wafer except a region within 1 mm from a

peripheral end of the wafer on the mirror-polished surface,

an absolute wvalue of a rise is 0.07 um or less as well as

an absolute value of a sag is 0.5 um or less, it becomes a

mirror-polished silicon wafer having further high flatness

up to a peripheral portion of the wafer.

Further, according to the present invention, there can

be provided an SOI wafer having a structure such that an

insulator film and an SOI layer are laminated in order on

the mirror-polished surface of the above mirror-polished

silicon wafer.

For example, if an SOI wafer is produced according to
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is subjected to etching by use of an al kaline etching solution of which
concentration of an al kaline conponent is made hi gh, surface roughness of
the silicon wafer is considerably reduced. In the case that etching is
performed by use of an etching solution in which a concentration of an

al kal i ne conmponent is 500 by weight or nore, its etching rate is rapidly
decreased, and thereby the influence on selectivity of the alkali etching
i s | ower e bomtsimebwethashithoraacetadhithe aarr teg pedilished, ssditgBe roughness
can be inproved, and sizes and depths of pits can be reduced. According to
t he preseémfamvanttiish prasarie InaiFitiepr 6c éssithe fopRedDPONEESt 0 t he

et ching process, the process is perforned by use of | oose abrasive grains
havi ng a RREGIRIMYISish airgraidiersl PPriignoefl &8¢ sidesn 18vEP4ige grain

di anmeter of 8.5 a mor less, and th%reb uni form etchi n% can be

per f or rrgd?o%q,?rc% JEETY %ﬁ@s@ercsar?rﬁe &R Craniiere SprobFem of a particle
e Gecr (BEd oo SHATE A A eds SRS A8t O IaHEGE™ he et chi ng
i mal | K | in_th li shi d d.
process g, Sy, S5 ok eTval, 1 LIS RSN 00, i agess con, e rece
product | iy 6an. be Lapraved.Her gaber s cthe ppodyction; gebhad,atysili con
I de

waf er according to e present invention w e explaine ail with

refer enceaé%z_l:diglgalto 2 sTMA $et B :/\H/r}] or s lening t}fleo%ﬁlli%ro?id%ﬁie‘im gret hod of

a silicon water, stlicon 1ngot gro by a nethod such as the CZ nethod or
FZ met hod s SldLatt | vt i NG 9a8SS (Ah Baves @ aah surFaicediget er
slicer, wwre'saw or the like, and a peripheral portion of the wafer is
chanf eredd ni & earifi@id g BReesh,( Bnd AlHale fldiat it Belddpmedethogofior _
producing a silicon wafer of the present invention, |lapping is perfornmed in
a | appi ngvgTecess/ (g )a anse Hfaillcose aki@sny & gr dahs ikatiieg afmaxi mum
grain diameter of 21 ~. mor |less and an average grain diameter of 8.5 ,um
or |ess, éndddrenp eichi ngegiorperday redm e retlc kinap ofr ates svafBr). by use
of an al kaline solution in which an al kaline conponent is contained at a

hi gh concent ratson afcdidihy weitge mresmrte iserantigras tdrera ks i ne et chi ng
solution. After this etching process (D), a polishing process (E) is

per f or redravigict i atid istaie wafdyot whsingds dhet tsd laafosr wadiefrab@si éngeneral |y
subjected to mrror-polishing. Nanely, in the nethod for producing a

si |icon @EFBEDISUHEGH emt i1RASH B M [sFdiass sieCes sy ©lpiand
etching process (D) are _inpraoved in particul ar, and the other processes
bef or e afF i@t iHe Abdhe Fiddc¥e e tife A radhen&t&SRFent i onal

rocesses in principle. At this point, the specific, | appi,ng nmethod

ber f o redP YAt HEpoR: Rocede TS (IS SRS PREREEOR I | be

expl ai ne Al t hough .one exanpl e.of, a _l.appi par,atus _i s own in Fig. 5,

t he pr es%ﬂuﬁ Oaﬁlqr%g ifot Wsrlﬁatleé)rt%eoé&eatr{g,oangn lt%hdsénbjo?éi ble to perform

| appi ng by_use of .22 se abrasi.je grains having the predeterm ned grain

Si gg a?e A émn=® Iﬁé g-?n’e acccz?r rpllécrs gZlLsi s6néLnI6a%]éd Wt h g sun gear 8 agd an

internal gearp® dé‘sc?&rﬂ?é’c?'a{}% paj}r]rgt 15 air}’q%rp Wed8r O? it$,cSet in a hol der
ATt ot k the wafer

of the carrier 2. er that, sides o are held so as to

put the walfend BefMaaN &N l&?P%rvetr‘H(c]jé table f and adowey tsudridble 5, and
then, the carrier 2 perforns Sun-and-planet notion by the sun gear 8 and

the i nt erdfla geah HidiRersiuRp WM HO QIR avir e & daRspd o ima nozzle
6, and sinultaneously the upper turn table 4 and the |lower turn table 5 are

rotated igr redsd,| whidh e ivensy eactl lotdirel caanddthérebpthdhkedsi des of the
wafer 2 can be subjected to a | apping process sinultaneously.
conventionally. And, if such an etched surface having etch
pits of small size is used as a surface for chucking in the
case that a dry etching or the like is performed, chucking

failure can be extremely reduced. Moreover, since etch
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In this case, abrasive grains having a maxi numgrain diameter of 21 u mor
| ess and an average grain dianmeter of 8.5 a mor |ess are used as | oose
abrasive grains supplied fromthe nozzle 6. As described above, by use of

t he abrasive grains having a nmaxi mumgrain dianeter of 21 ~ mor |ess and
an average grain diameter of 8.5 u mor less as | oose abrasive grains in
the | appi ng, mechani cal damages can be reduced, surface roughness after the
et chi ng dartdHeof cwkleld, sl Gpehdratdasiilof edd@p-nsities] duh sd ishevént ed
particularly. Further, in this case, it is preferable that an_alum na based
fine | apphRy efeghed uriagred dsiqhh o ldinasilid Gatnived erard il t her, it is
preferable that the alum na based fine |apping material, is an artificial
emery 23 €X¢RERS ng! Mt A ORRHERIY £3R BUrE Y alFhiTd SorastRe gr ai ns
and zircon abrasive grains. As descri becﬂgab ve, by usjng .the alum na based
fine | app TP YRt et 41015 Jﬁ%&t‘?aéhls%?r r'§ eéj‘r)'tiijscipéo 13ppity materi al
made of 33nixture of brown al um na abrasive grains and zircon abrasive
grains asCf oSRFA6TAsi ve grains, generation of damages and scratches on the
waf er surface.caused i he | in be r C At sent, . n.Japan, as
t he above artlFlfuf%i%%#j ! eﬂ%(% yp ?%%%Iﬁ%ggnn\g%%%q,a%%%%@d%%% %s?sr\}ellgérbaﬂ n or
#1000 FO iV in, i oy “5%91 nRde- ELJI M

| NCORPORA 13&%@%&@%5@&‘%%%&%?%{; e (%ose a rascﬁlle grain
used in t i r rese oY, i:Qp: i grain

di anet er %tfe Jzéi&—"iﬁ m%oéf) ’]?%gg%a%df %ér?a%ecfe;'gerg gdrég}cﬁmdfllgﬁe%% feng?%%mm or

| ess, V\T]m%l IS féaﬂseéle\%tg)g Yy @grai osigg st apag d ofp 1 FO abrasive

grain, ' be Trepresent as #1500 FO abrasive ‘grai'n (Maximum grain

di amet er i oZile@t 47 i AV S RIGI A N chrai®Ir & StI0P - dHe WtdHewer FO abrasive
grain than #1500, (for exanple, #2000 FO abrasive grain (Mxinmmgrain

di anmet er : sdrf@&cenhfy estage @ites NEshinairet equdrB-shdped Mpe4R30 Wwi@rabr asi ve
grain (Maxi mum grain dianmeter: 11 ~ m Average grain dianeter: 3.4-2.6 ~ n
or the |like)r sudes taiengraefereiial tdwated wgipiory 41sl @rer faordredh by use of FO
abrasive grains as the above. However, the | oose abrasive grain used in the
met hod f caveraghkics ive eoSithemtotafmrtofid e pmeseniesavention is 24 not
limted to the above FO abrasive grains, and based on the grain size

st andar ds defApededyr Jepdndeeve ndust thel cStandara ()  sirc@xanyl e,

al um na based abrasive grains having a grain size of #2500 (Maxi mum grain
di anet er :wa2fen mvineragowrzg sl g ianteref 0.105.9Q ‘wemonrlesdi nek grain
size can pe used as the | oose abrasive grai n.eeAI o, in this case, it is

t
pref er abl ¥ tFRRCTFL Lh S et R &G A dredHe 1'd6s RiveSFS Pils r%:Pch
finer, the si depth of pit isti . the waf f ft
et chi g e B A5 her Yeuuedl, Tevver Lih THe COhtIshSy 4o Sl 7 si ze of
the abr asj ' iy t b . fficiently,
o o plOT L Tl Mo AR 0 A e R AETATTh Ml 7' ent 1Y

| apping bl i Ofa be LiKGe 14 S prel sraBl e d hat £ henarapiye grain

rougher t e ( abrasi Tepr esent the grain size
Japancse Thdtctt o Corinaarie 1€ (et 85 aten 1t rhEPo B h oTdes of & |
silicon wabefi@d® from a conventional low resistivity wafer.

Therefore, as described above, since the wafer exceeds in

flatness of the etched surface, chucking failure in dry

etching can be extremely reduced. Further, by polishing

this etched surface, the silicon wafer becomes a high

quality silicon wafer which exceeds in nanotopography.

Furthermore, since such a low resistivity silicon wafer can
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subj ected to | apping of about 20-100 ~ min total. If the lapping is
performed in such a manner, surface conditions of the wafer is stable,
nmechani cal danages are reduced, and the wafer beconmes one which hardly
suffers froma selective etching in a subsequent etching process.
Therefore, the wafer can have good surface conditions for use in the
etching process. Next, the specific nethod of an etching process in the 25
case of tife Nastehdd Foraprapdifeixig la vaiflar e iidCe g et srRaJpeEIdALYi RVent i on
will be explained. In the etching process of the present invention (Fig.1
(D)), as RELQIHY SiExXistlcinaytits & sladed wpnudengan caivalivne
solution in which an al kali_ne conponent is high concentration of 500 by

vei ght oriSfst @ dH 3 Kiad Yeshistdad§ dQtofPid 3 %ner se the | apped
silicon wafer_therein. As describe bove, the et.ching i rformed by

maki ng the cofteémtratGait ofPththg l@%qﬁ’r‘?éyc%'}%ﬁ@ntmi F %?@stélpaaal i ne etching
sol ution hi%h? %gﬂ i,mersing a silican wa%gr th?rein forta redet erm ned
time and s ) (Jf_}}%é’f meCh &ViSE89%ar d)lgs CGafit BETEA M hat ed wi t hout
degradat i f flat A idi a re r_.degr i on of
its surfa@%ﬂg%ﬁﬁh eg§§§%ﬁﬁgén%F%%£H%§?l é%??%ngggﬁég%ﬁﬁrt%gf%yﬁé
concentration of | kal i.n nponent in the alkaline etching solution is
500 hy MSFHhEX%#)%g%Z¥%TH£ e?g ing speed in etching is rapidly decreased,
and thereby the dddduenee Moddie selerd iMitesf ddeald@lihet ching can be
reduced. Thereby, a uniformetching can be realized, surface roughness of
the vaf erpycayerite idRivRsS, aithdd tarSiZR e Wl dd ke camaRanceduaed.
However, "generally, if an alkaline conponent in the alkaline solution is
over 55.Qp duy yRi 8bt 1ekBer erMBYCcBRe3 SASBxtPaheiPerphkali nec6QMPONENt i
precipitated in an etching bath. In the present invention, it is inportant
to mai nt aiar¥dmhe state of the solution wthout precipitation of the alkaline
conmponent in the al kaline solution of a high 26 concentration. Therefore,
it is preferadhl ehimtcaaehiagndin mrrffraedvhstit 6 scdita adpasg ta t enper at ure
of the alkaline solution at 80C or nore, in particular, within the range of
80- 300C, e tdferdly etdhedtshifiage arrbdeper ammed -wiotlisedpsegifpiceat i on of
t he al kal i ne conponent in the al kaline solution while naintaining the state
of the s@n# imaresvesi gt ddirc etrrar-melisheachissirdase, off thife sddd€&at rati on
of the alkaline solution is much higher, its _tenperature nust be_higher.
However, Wafeons dEraiG ol oS udsi 3¢ rselaten Ae 1 rkad e iS9Ipref erabl e

that the tenperature of the al kaline solutionis 90C or less. Also, it is
pr ef er abl’@¥Ha R L§ AR5 41t Qe &Fdr g%%&oéﬁ@dr'educed when the

trati f . al kal.i nt in the alkali | ut.i [ h
i her ;800 B VRS GOy it Ghit= P Bar Cbyen I thefomper at ure of
the al kaldne. ol ulipn 4 Gantgobled ahid. the danas qf 8052006 juhen the
concent r atton of -alkalq'ne conmponent 1 nthe al'kal iné& sol0ti 6f s too hi gh,

priobl ems o hatrdie eancenid aklan of, the AdalddneSampanent.d At he alkal ine

solution varies w , Ul al I'ne conponent is crystallized and the |ike
May 0CCUrinsTheedors 1 tariéla‘?{ efcar alblye ! hate Fl%%li%%&%%ntihawz@%rofca%n

al kal i ne conmponent in the alkaline solution is 700 by weight or less, which
i's easy W Y¥iNG A N e e reangRNtikddPBurfacer eFefthe Such an

al kal i ne solution having the al kaline conponent of high concentration
descri bedvaahav ey 1 maidield edetthoeymyaMoxaethotherefrore ] iakt € aakeerci al 27
an SOI wafer. And, since such an SOI wafer has etch pits
of very small size on the etched surface as described above,
it becomes a very high quality SOI wafer such that a

chucking failure can be extremely reduced in the case that

the etched surface is used as a surface for chucking.
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al kal i ne granul es of high purity or an al kaline solution of a | ow
concentration is previously evaporated in an etching bath to concentrate it
at a high concentration, it can be used as an al kali ne etching sol ution.

Al so, the al kaline conponent used in the etching solution of the present
invention is not limted particularly as long as silicon can be etched. In
consideration of etching ability, hydroxides of alkali nmetal such as sodium
hydroxi de or potasscuipeddroRiee 2SCRFEIRT dbb et TeFRPartn e aron sodi um
hydroxide is preferable. Further, in the present invention, each of these

al kal i ne EampRnewt & A D6l R P ANSHOA ool RHARUFINY BfSitHex® al kal i ne
conponents can be used as a mxture. For example, it is possible to mx

sodi um hy‘d‘?%&? d‘éh%ﬁ%lllbo¥}é%§P%Wq>@d?W]ajes%? 3 olqgél%d?liﬁﬁer%r%kﬂ%f@ al one.
And, the elLim nati t hj ckness, (et chi remgval ) of the silicon fer

et chi ng- ¢b il AEPSCBYAT HEE SR 1. HoR 1Y SHCTI FHESRe (L Ga GIF can be
set at a mni m t hi ck Qess os bIe to elimnate nechani cal damages

suf fered % ThelpPocaetest T SHHAR Y pIoCEEE @ iy 9 linited

t | Ho der at f t f t dept h
of macharibAMe *a%%%%é%eéﬁg‘é%” SRE BECBPrnPRCEHC. PR8I ARRRREFBNOFni ckhess

wat or TS el ot ot BRnbs2 o End BRI E0R0ar 8 OFSLa8nt FOR) ed mai nl

waf er . eVFhfﬁé | ed mainly
by adj ustifg, fyxdi e Mol RSS! MGy AndBa co%aéérp@ﬁaﬁf@ﬁrof rhrﬁfﬁl%aclmfeg _
solution. Also, on the contrary, the imersing tinme of silicon wafer is
set depengdbfSoREnt her redatiheny H@e@rtxﬁ@r@bpé/%é@%é het eltciHiny renoval
and the concentration of the etching solution, and thus it Is preferable

that the sy1®fSbMY tiheEdLy, se:torsmtah@tlet he etighices wamevabef ahlishwi thin the
range of 15-40 um Usually, it is about 5-60 mnutes. In addition, when the

silicon waliefats roNEisesk i 1s tdeegt Thi fghs@rditaran, o mrnterﬁlmaalsgret hod
such as vibrating a wafer or applying ultrasonic wave to the etching

sol uti on Tangded pesd dreresr ol cedal Mpreoveanbisiatteon twiishpokeibgéehad of t he
present invention so that the etching is perfornmed uniformy. By the nethod
for producedigca aipdtoshivad erirod imen prussaqueny @vliohiasy dgessrddsed above,
there can be provided a silicon wafer of which surface roughness is

r emar kabl 3n¢ cbuceraerl efnswnedh qUanEses ofoodoHatsintamast anche silicon
waf er of the present invention will be described in detail with reference
to draw r@%llﬁ’fh@%lqigeé%ﬁ vigh e r LI r @ FRINgI e Stn tP 3 SRMEHE S B sh a8 b ttéifed sur f aces
on both sides, and a_peripheral portion of the_nmmfrom a, peripheral end of
sur f aces, FEPHGERE e ¥R GARY kﬁ% FIeFVedn %§8I'UFE‘€V51§PCPQSS

wafer and SOI wafer of the present invention can be made
into high quality wafers having a large available region
for fabrication of devices up to a region near a peripheral

end of the wafer.

Brief Explanation of the Drawings

Fig. 1 is a flowchart showing the production method of
the silicon wafer of the present invention.

Figs. 2 are observation views showing pits on surfaces
of silicon wafers after etching observed with a microscope.

Fig. 3 is a bird’'s-eye view of a silicon wafer
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it is characterized in that, in wafer except a region within 1 the wafer on
the etched of a sagis 0.2 a mor less, Slue of ariseis also 0.2 ~ m29
At this point, a rise, sag, and waviness of a silicon wafer will be
explained with reference to drawi ngs. A sectional schematic view of a shape
of a silicon wafer Wis shown in Fig. 8 and a graph which represents
schenaticaluﬁé;hickness di spl acenent on one main surface (wafer surface) of
the silidorPdwgast b itdes RRaduGiarg medhoss ohalye isdlricgn gafgenéial |y, a
chanfered portion Wnis generally formed by the above described chanfering
process RIS pREr SR W of the wafer Wto prevent cracks of the
wafer or the like. Usually, in the case of_an eval uation of a shape of a
silicon waf er%lg{‘ne4 e]vSaIEt‘Jat%lji S EYond &t &F ts‘rjrélhc%éﬁ&@ff to this
chanfered_portion,\Wn,.i.e. hi.s. chanf.ere rtion. is excluded froma
measur i nflg%ﬁ{%cce[& kiyn 1:t}hee I:Bfroe et Thie Oéjg ,O%?ﬁi’ee\?&l\ﬁ? O|noPiJa§EJs'7°rc(f)erllduct ed
under the .conditian i .t hi fro ri |, end of the
waf er inc rhl i ngeqc%{eh%ﬂ?rﬁoggéé pl(;.srtélgélr#ﬂlds%ejedxgpu&endrgft?:g%%tglh@%er%%%guri ng
object. | der. qgﬁg_ i he sag of, the silicon wafer,
first, th%lﬁlﬁgknr%gasl 0 #Leg WAt er gz%rtﬁﬂ%évj\%gl e wa gr' surface within a
TeasUri Ng 1 eghan. |5 TLASU SIS Ll larlRloRXARLE cribARRAGIIANCE type
flatness_neasﬁg?ng ébparatus, aﬁd Sﬁgffﬁgcé% Ss |s§1ace§§€t of the wafer
surface szl ed thgyield appAt @RREd e ebtiigpad o birddeess _
di spl acenents of the wafer surface, a reference surface of the wafer is
cal cul ated from f he 1di€kaasems isplagamanitonf diwe Wwierimuidmee in a
central region of the wafer. Nanmely, the reference surface Sis 30 made
from t he dsingKreesst di siblaicanery sprdditusa usest rial a egildshdhat he waf er,
which is a wide region inside of a peripheral portion of the wafer as shown
in Fig. Qrdeesddition, in Fig. 9, a central position of the wafer is
expressed by W, a wafer edge portion, which is an outernost peripheral
portion in a Feasuf iy dbflkewtchasyi ahowing g reamsmhtiaonad, meidicd bor derl i ne
between a central region of the wafer and a peripheral portion of the wafer
i s expresEay oEPCEM 3 BilHCQY &8HRT i nvention, the position of Xis
defined as the position of 30 mmfroma peripheral end W of the wafer (see
Fig. 8). In ddefti%ns thes§osiAah S Word& iSO O% general |y deci ded
optional%y dependi on a_silicon wafer, to be used, and thus the present
i nvent i or® MG F3 Y & SRt aatdr 99 WodSdrence surface S is nade, as
shown in Fig._.9, the obtained reference syrface . S.i.s extrapolated to the
or I 'pheral ol ord ofS Cha ST TS HE'S HEAGHER G PEANCESf t he
shape in .the | r i the f. C red t e _r.eference
Eﬁﬂhrﬁh éé”&iéﬂlé%%ﬁ%ﬁﬁ;éﬁ qﬁ%a%ﬁ%%:on F%%ncpt%% r%%

sur face a maxiIrmum va ness eérence o Fhe shape in

t he peri madﬁ”ﬁﬁ%ﬁhéﬁstéffﬂﬁg%&nﬁﬁ”pared to the reference surface Sis

defined as d rise (A), and its nlnlnunfvalue is defined as a sag (B).
Further, the gy cknesss Vaf”cj@é&k@%k?ovbﬂué %e@%@a{s@irén?é}%torkéguﬂt@e Jrfer is

defined as a wavi ness (C to the silicon wafer of the present
i nventi onshasidescrded akoveyvinedhe PaiHaphanalcpoiarenrsofaddie aafer 31
to Example 4 and Comparative examples 7 and 8.
Fig. 11 a graph showing the measurement results of
sizes of etch pits of the silicon wafers according to
Examples 5-13 and Comparative examples 9 and 10.
Fig. 12 is a graph showing the results of

nanotopographies in the silicon wafers of Example 6 and

Comparative example 9 measured in WINDOW SIZE of the region
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except. the region within 1 mmfromthe peripheral portion of the wafer, the
absolute value of the sag is 0.2 ~ mor |ess, and the absolute value of the
rise is also 0.2 ~ mor less. Therefore, the silicon wafer can be nade into
a high quality silicon wafer of which flatness is highly maintained up to

t he peripheral portion of the wafer and which has a | arge avail abl e region
for fabrication of devices. Further, according to such a silicon wafer of
the presedf @ nvemeidnl. §|mme t he average val ue of the waviness on the

et ched surfaces shows 04 a mor less, it can be a wafer having very high

fl atness on thegcehtr%ﬁ @e&ﬁ%ﬁhcﬁhQWkP%wﬁQﬁ reikterore, when a pl ane
orientation of the silicon wafer afte kal.ine etching is

per f or med PR PP AP O @%qﬁﬁr@éhéﬁeqf%éfﬁr rfg?l%f]ten%f @@rdqsi ges along a
crystal orientation <110> are, forned th f .. However,

evor i ne P e SR & RS AL SRR SR Y The B ¢ e
of the et%Lh f¢1 bgg%mes small, i.e., 7 ~ mor less, further, 6 ~ mor

| ess. a™ase that a silicon wafer is used after subjectrng

t t ched t | i E
Ire?m\e/af |es ZE%%?C%% £ pg lﬁieblggsz%&i’?&% 1’;f’h ofn%aasgﬁﬁég%gcrﬁc pf|€{ I rs{-’esequal or

hi fted d
shitted to; & O‘%ﬂ% %‘&erboﬁg@asrﬁdlécﬁt ﬁmrest Hedidait r@ﬁ;{]%? Qo3 ng,  an

partially etc | sappear e On the othe and, in-a

conventrqg%lG@ﬁpéfgtngegxamﬁléfmapase that the size of etch pits are 32
reduced by an etching nethod conbi ni ng al kaline etching with acid etching,

for exanple, ¥he. averiages V@tath Bhowdngi @t iedd Semaiautrdsul ts B Nanel y,
according to the present invention, the sizes of etch pits can be reduced
equal |evelzé® of Fisddein ratuiced idwan wofsentdanaldione tolEermefodre, t he
silicon wafer of the present invention has exceptional flatness on the

et ched sur4 aames . Cénuaraki ngt \exdmplexdnpl e, in the case that an etched
surface of a wafer is used as a chucking surface in performng dry etching
or the like, Fherelésiza probdwechart cohvemdurialg tacHituesahay ahucki ng
failure is likely to occur in chucking of the wafer because the sizes of
convent i orll Etrlrpiatsien delamyaatinevathad. the etched surface of which
sizes of etch pits are small as in the present invention is used as a
chucki ng sur fBE®: %hel%rﬁjdklfﬁf@f%ﬁ@"@r@ cdife B@eafseatﬁ;wfar%%qlctaﬂ @f Furt her,
as aforenentioned, if a i con, waf er s a lowresistivit

general | wloqﬁtrtrt Gt iR T Sy o gt HASISTRqCo s, &0

according. to t ese |nvent|on even .if the silicon wafer is p type and
e e 17 R e

has a | oW FBE T i G A %ﬁﬁ(ﬁXQQEﬁf 'e average size of etch pits
formed on the.e surf CE es further 7 a mor |ess.
Ther ef or e, tﬁ% Lé\bovéej e?fergt %faarpa ucr}gg C ‘f’frg pla} ure %an be certainly
obt ai ned, @EPQJ §lﬁe 1h$ f Cao frf'és?ad’f ntq]é[ | stivity is subjected
to epitaxia ro can |nto an epi axra mafer havi ng

Bettering abrlrty And therefore, the silicon wafer of the present
i nvention can 33 be used profitably as a high quality substrate for

epi t axi alp&¥©OWidde for Carrying out the Invention
Hereafter, embodiments of the present invention will
be explained in detail. However, the present invention is
not limited thereto.
The inventors of the present invention found that an
alkaline solution having a concentration of an alkaline
component of 50% by weight or more was prepared, alkaline

etching was performed by use of this solution as an etching
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Al so, according to the present invention, there can be provided a silicon
waf er, wherein both sides of the silicon wafer as descri bed above are
etched surfaces, and at | east one side of the etched surface is
mrror-polished. If the silicon wafer is obtained by mrror-polishing at

| east one side surface of the silicon wafer of which sizes of etch pits are
smal | and of which both sides are flat etched surfaces up to the peripheral
portion ofothelomfef assbbkern béaf ebovald i thersbhesHalhCs mAIgness
mrror-polished sjljcon wafer having good fl at ness and surface roughness,

and ext r efel YR Fhl heMdt BpbeF apy 1 vedn Rflitiomes Heung mhat _
navel enaC haPRTRg o por L ORI oF J0- TSR IACGRT S OB AL s from
about seve%a%.na ometers #o 100 n and_as to.itﬁﬁgvaluation . vertical

i nt erval sSOFPHAGVRANBES BF BAPSS LREF VS Y (BRI 1L t o val | ey)

are evaluated in, the region,of block._areas (which is called, WNDOW SI ZE or
the |1 Ke) 96713 TFEFEShavt it cfh Ogi 46501 SPFOAPABSREABC1 9680 mm or a

circle hayin di apeter of fromabout 0.1,to 10 Thi.s P-V. value is

cal 1 ed a MaROEEBbGs hohy> HFRE OF the PrkeneReDYo Dike SRERSEofbgr aphy. it is
desi rabl : X'Qé?% f ]%ﬁ%¥ nﬁﬁﬁq i SEi 2l e

eval uat egp%\g?%?@jéﬂ?f%c |§%Pn§?€.o%s%a y{’a@a p r‘r?ﬂ;(%sl%t y%v&&b]la{(;dcr%%:eas of
squar es Ofie 0 M A SeHBASHE BEab BPd AMESEnSF cafB 4 JHB MGdESIOftide P-V

val ues are evaluated. Wen this maxinumvalue is 60 nmor less, it is

eval uat edpass@Redinodgtidnt he val ue becones much lower, it is evaluated as
a higher quality wafer. Mreover, according to such a mrror-polished
silicon waferNahellig priesentthoyendi oprodicihe pesiphesalwppstion of the
waf er except a region within 1 nmfroma peripheral end of the

m rror - potompeils sug f aceledst he Wabeing thwocdso|y eus@lae ofose sag can be
0.5 a mor less and the absolute value of a rise can be also 0.07 ~ mor

| ess. Theakefaseyei¢rdbeconesd sami etoninpylpshesssidy cose vaf ean havi ng very
high flatness up to a region near the peripheral end of the wafer. And, by
use of sushkalimeretchpbhg shetulsioncolanpiey v pewrfprreednin itheention, the
wafer is processed so as to forman SO structure such that an jnsul ator
filmand 43P0 | RYRFEIF LY arf el e PR FRDF R IIoh Rhd1a ¥ dra getsi ghed surf ace
side, and thereby the high quality SO wafer having a | arge avail able

regi on fo@raahritameienr opt d?qelliléé‘s Ofip 1e§Sa apEgPBn aNEARIEhE LRI pheral end of

the wafer can be nade. In this case, a nethod for formng an SO structure
on the nmi F+IRCHRYiQhed- Jukfade dfdé 6Ff the SPPPEoAPHAFENS §TRGESKI it ed

icularly, a f b f by,, f I
Pondi ng EThoRE L NI et Rod BT L He ATRESLARE o § &€ SRR T s
f F il f ; t
venti oY s syt vt RS Senirfal ity S e RS on
nvent i on can Be _ , |
(1ot stor o0t T alanarB het hodt "ock Daparete Kot ant: N SO0 A

thereby ac¥bgli Ry 0o nh: LePONMEd FIRGHaSY, | Th THE1 Resd Rhefdt PPN Qsh which i's
unbonded when wafers are bonded each ot her can extrenely reduced, and thus

it becomesuafit@hrughnéys S d@é@ﬁié@l&)ﬂgr@duc%a dryesf Which a region near
a peripheral end of the wafer. Further, by use of the mrror-polished wafer
of the flatness is good can be obtained.
As described above, by using the loose abrasive grains
which are finer (higher number) than conventional ones in
the lapping process, mechanical damages can be reduced and

generation of deep pits can be prevented in particular.

And if this lapped wafer having few mechanical damages
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present invention, an SO wafer can be al so manufactured by a SIMOX net hod.
The SIMOX (Separation by inplanted oxygen) nethod is the nethod such that
oxygen ion is inplanted fromthe mrror-polished side of the
mrror-polished wafer to forman oxygen ion inplanted | ayer, and the oxygen
ion inmplanted | ayer is changed into a silicon oxide film (buried oxide
film by high tenperature heat treatnent. An SO wafer manufactured by the
SI MOX netifodsux) efdsrd itie e lativvy s uste dfeanursd kaHdnef [eROReEY of the
mrror-polished surface of the mrror-polished wafer before inplanting
oxygen i o¥PEHA Bt Aai it el e AT QT ©ToR 1 [ KO NRafCOmPOTRE e it e, i f
the SO wafer is manufactured by use of the mrror-polished wafer of the

present iTRAHE acttiidiGRy 1TSS 0K thé iod 1 q%e "edeFadé of the SO

| ayer has high flatness in not qnly a centr egi on,but ,al so near

peri pher a@oré%djeo?&?]ﬁé rv%:}‘%q‘?é)‘angnt %B? Fﬁéesgla&/agépﬂﬁﬁﬂ h8ve a large

avai l abl e region r fabrication of .devices. .Furt.her.  .the present invention
can provi%eer%lgﬁ‘eﬁlg%\h Wit ec?f %egteqk}}r{%eso 95%8h J\ﬁaf“g]rlcllu]aé an etched
surface on. 36 t. | east- one main surf i an 4H.ai i.eptatjon of the
silicon wa ne(ferllts&ttlw-?,é% h%n eatpi?%agldlsns%r(f@gn é)%heggt’ ejt%c r?[b'p"l tbS/ c')erla?’?\tg or

squar e-sqf'ﬂp_%:l - igg.fﬁ i r. |c(iﬁ§ ﬁ|§p r al i i.on <1l 0>,
and an ayerag{e?lspfé;e 0 J\t%éet}ea{%_lpslsts 'St Te%ncﬁg%ﬁyezés.an%rtﬁgerr%?a}r)g “the
present iyyentieon, SEHM AR & e Iapn BEAL leieln khe silicon
waf er has an etched surface on at |east one main surface side, a

conduct i VidetaPe MheRebyPea @nheoal le‘fbh)in?schoﬂaeS%égl%eh?SS, a plane
orientation of the silicon wafer is (100), fhe etched surfaces have etch

pi ts fornuersepiarsughanad epemadspidved,0undides Alony Rpahys to
orientation <110>, and an average size of the etch pits is 7 ~,mor |ess.
As descr iets akry e tielisddd concwatreingf tbhehpr pgesentnyanthohohgcones a
wafer in which the size of etch pits formed on the etched surface can be
ext r enel yin edhe elhpmina hp sareswotpdref axtmiesd mad caortvertthicoraddhyingTher ef ore, i f
such an etched surface having small etch pits is used as a chucking surface
in the cazwoadspertflor mmeressirys aqrastfiomgnest ivheidd ke, Ioinsekiatg afsaivieur e,
which is conventionally seen as a problem can be reduced drastically.

Furt her, ofatoes étahing tas mearinen easdny dblandbeat e B pohi ehi hgsshi s et ched
surface, a high quality silicon wafer exceeding in a nanotopography can be
obt ai ned,2nthdIorepade Fnpa dismatier afovald ithnperi $&$hg @@ be reduced,
its productivity can be inproved. Further, even if the silicon wafer of the

present 3FCTER et WA & FHT SRS IRSF e DI SUIERASST | ess, since
its average size of etch pits is small 7 a mor |ess, the.silicon wafer
can be e FEEITRY b Re I HT T (S HTEE For' EATHS Al so, the
average val ue qf. the V] s.an the et syrface of t i.J i con wafer of
t he pr eseﬁ%n%%a{%ln $oanr¥€h%é\;§$aéj.88%oarprﬁfgrﬂ%gtglse,sl%r%%t Her'6 ng‘:aa it becones a

waf er havj Aalsp very high flatness in a central region of the wafer. And,
it is possible to make such a silicon wafer of the present invention into a

waf er wher ei Ny &g dh SUd 368 WIS Tshde ORPaHd & fdfe YoddiniLhed

surface is mrrorpoli'shed surface, and by formi ng an SO structure such

that an idsurad Gfafdt M A aheS@AtdraiRf pRdaminatedin ar deboan a

mrror-polished surface side of this silicon wafer according to a nethod

such as ardyasied Ingi et hairi sHiMEX preidesd cam $9 rwafefec.anThergpoguced
easily. Such an SO wafer has etch pits of very small size on the etched

surface as dgldsiorarbeds faoveviangd Hikgreef dile tirfe d3e cane b ea prexdpdeadgh agual ity
SO wafer which can reduce chucking failure drastically.
its productivity can be improved.
Hereafter, the production method of silicon wafer
according to the present invention will be explained in

detail with reference to Fig. 1.
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The present invention will be explained hereafter with reference to the
foll ow ng exanpl es and conparative exanples of the present invention.
However, the present invention is not limted thereto. (Exanples.|-3 and
Conpar ati ve Exanples 1-5) 38 First, a p-type single crystal ingot having
a dianmeter of 200 mm (8 inches) and a resistivity of about 8-10 ~ cm was
manuf act ur ed ?y t he Czochral ski nethod. _.In accordance with the fl owhart
shown in Fig. F1rSthe38bi8i ReGOPNEOE 1RBS LsPFEEHCEYCR WRFROdaRli Ato wafers,

and silicon_wafer f which,peripheral portions were chanfered were
prepZ:eh.SN&%FPHi%a?ﬁé'lépSFEQCbBO&EQQFpgﬁg%ﬁb%Veap@%ﬁ%?gzsg?mi%%n waf er s

ver Sub ecLof ! RaLTBR! P, 1 gh RohoRR. 09, L% LR ng. sepapalus ghoue

oral ns of 1500, £Q.abgos)vergesl 1 O HIE00,EQLr gL Xe-aralp L oh are

o ST SR Rl e Lo, R SRR,
mg? %Bam?ér%HE{EEBbggstQﬁgwﬂnﬁftéf’Eﬁ%%ﬁ HJPQﬁﬁ?S&%%&%gzﬁ&ﬁds 0

| apped ers were o I ne Next, by use of granul ate r of sodium

hydr oxi depr-gagenthy af sE16a08 fhEsl kasheBags Byt KATOL KAGAKU 4 g9ehgm

hydr oxi de” sol utions of three | evels of concentrations of 50.0, %@.0, and

58. 60 by wei git-reemedprapar edppesgepkbreky as’ al kal i8e etchbpgesol uti ons.
Each etching bath was filled wth each sodi um hydroxi de aqueous sol ution

havi ng t hepehkleeeptagaBCRAYE ALl AMmadifluReatbednt @i 8QA& e Af berat epperature
rai sing, two kinds of the | appéd wafers, i ch had been subjected to

| appi ng asrt hesabewe, anekecicarer gedihntanacbrebehgng hat roflads,ch
tenperature was nai ntai ned 39 at 80C to performetching, and six kinds of
waf er s hawhdgtbiehf eeénhipgodacpevfiornadi thoas seckinanpfacessedd’ I n this
case, each stock renoval of etching was 20 ~ min total of both sides of

t he waf erby haeaddi ahoplkadineoapanison, inavkishweneahbaliaet ured by

per form ng Iapping in which #1200 or #1500 FO abrasive grain was used as

| oose abr §STPENGRE| 4§, CaRBaLREA, apepf BigngoBEERTAgtianwAf chOal R4l i ne

sol ution havigg al kal i ne congcentrati on of 48.00 by wei ght_was used. In

regard t o"8ag8RtwaFeMORBNEEAYLOPeBS 80r RPALRL}FBRgRRERSNGT SPHat W er was
measur ed use of a stylus type surf roughness,. neasuri ng appar at us,
SURFOOM (B bBECEARSEECHAlE BYBSERVOIBE M FS0PO0 L LT OO OCPrBALEL | oh
condit 1 on3 ang AUl Lo Rl RUSHE8: 6 gD 1888 L: SBENGEALRL HgEg, Shown [ the

surface 1is generally subjected to mirror-polishing.

Namely, in the method for producing a silicon wafer of
the present invention, the lapping process (C’) and etching
process (D) are improved in particular, and the other
processes before and after the above processes are the same
as the conventional processes in principle.

At this point, the specific lapping method performed
in the lapping process (C’) of the present invention will
be explained. Although one example of a lapping apparatus
is shown in Fig. 5, the present invention is not limited

thereto, and those possible to perform lapping by use of
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(Tabl e 1) Loose abrasive grai nAl kaline Concentration ( % by wei ght) Surface
Roughness (u m Exanpl e 1FO#150050. 00. 20Exanpl e 2FO# 150055. 00. 19Exanpl e
3FO# i 50058. 60. 20Conparative Examle 1FO# 120050. 00. 26Conparative Exam
| e 2FO#' 120055. 00. 25Conpar ati ve Exam | e 3FO#120058. 60. 26Conpar ati ve Exam
| e 4FO#120048. 00 30Conparati ve Edam | e 5FO#150048. 00. 28 As seen fromthese

results, the etching was perforned b se of the alkaljne solution having
the al KAITHSE ARIGHLNE (67 108 $65 15 iR Coie U CandLRREr SB7C ¢ he
waf ers of__whi ¢ .cgggﬁg roughness was 0.26 ~cmor |less were able to be

obt ai ned.2Further} onpared to the difference of surface roughness

dependi ng on ﬁf%%é#f§€%§¥¥§%r 2 1is engaged with a sun gear 8 and an

internal gear 9 in a lapping apparatus 1, and a wafer 3 is
set in a holder of the carrier 2. After that, both sides
of the wafer 3 are held so as to put the wafer 3 between an
upper turn table 4 and a lower turn table 5, and then, the
carrier 2 performs Sun-and-planet motion by the sun gear 8
and the internal gear 9 while supplying loose abrasive
grains 3 from a nozzle 6, and simultaneously the upper turn
table 4 and the lower turn table 5 are rotated in relative
directions each other, and thereby both sides of the wafer
2 can be subjected to a lapping process simultaneously.

In this case, abrasive grains having a maximum grain
diameter of 21 um or less and an average grain diameter of
8.5 um or less are used as loose abrasive grains supplied
from the nozzle 6. As described above, by use of the
abrasive grains having a maximum grain diameter of 21 um
or less and an average grain diameter of 8.5 um or less as
loose abrasive grains in the lapping, mechanical damages
can be reduced, surface roughness after the etching can be
lowered, and generation of deep pits can be prevented
particularly.

Further, in this case, it is preferable that an
alumina based fine lapping material is used as loose
abrasive grains, and further, it is preferable that the

alumina based fine lapping material is an artificial emery
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of the grain size of the | oose abrasive grains, the |apping was perforned
by use of #1500 FO abrasive grains, and thereby surface roughness after
etching was able to be suppressed at 0.20 ~.mor less. This value is equal
or higher level conpared to a value of surface roughness obtained in the
case that etching is perforned by the conbi nati on of al kaline etching and
acid etching., Next, each size of _ pits generated on the surfgces of 41

each sili€PiRd dlaterBAAAR of R Ihd St VB FRES1VS3 after the
etching was observed., These results were show i,n Figs. 2 -(f), These are
obser vat | Srf VA VRS Hovl G Gt 35 6h ST Vit eﬁssgﬁfs%ggegbéggm\féd Q¥th a

light mcroscope. Sguare pits form ng appr.oxi mately. square-shape openi ngs
with fouru%:’rrb%sﬁéﬁ (ﬁ%%ﬁ%?%‘?cg %T]]ﬂ%%r 309 AR 'sTf these pits

becone shal | ower, and ller,-dt. s t.o..eld m nate t.hem jn,_a polishing
process, agn%ltjt%%]saari’t @%ngp?’%%%la JI‘—’lel. ei@esﬁé’orrlpaé)%eld{at 5n%etaeérhl%\ei\5af[{§r 9 r(ljp%?arrpl es

and Compagatiye, BAnples, Jiuyhs [UNL hatthe aeher s indxanl es have

shal | ower i s al kal 1The conc ation 1snoré increased, the

its are o | Z i<} r I . whi ch has
p é@f%d{\tﬁ‘% fd! Food¥ br#ai%lo%éi%égg{se yderamle 2

been subjecte appi ng by use o rasive grain and subjected

to etchi ngahygdisend ddenddned 1418 Sl Wid dy hawing-d henaldlimene

concentration of 55.00 by weight, were subjected to a polishing process.

The apparpédpgi@({wdcaplg§megtglm,di tions used in the polishing process are
not limted particularly, and for exanple, polishing can be perforned by

the polishi ngpappassdnis 10 sdwam, ias Rige dbhove rattidie slafaterd was hel d on
a polishing head 11 having a rotating shaft so that a work surface was
di rect ed Dapwivey dnateach 4he #EfEr R@asshrasised qraim tar it ¢al4 (pol i shing
turn table) to which a polishing pad 12 was attached. Next, the wafer 13
and the tabresibd eydatimereh¥@t ated aughar thee 280 on(naoe tyr n 42

FUJIMI INCORPORATED) is commonly used. Therefore, since

the loose abrasive grain used in the lapping process of the

present invention has a maximum grain diameter of 21 um or

less and an average grain diameter of 8.5 um or less, when

it is represented by grain size standard of the FO abrasive

grain, it can be represented as #1500 FO abrasive grain

(Maximum grain diameter: 21 um, Average grain diameter:

8.5-7.3 um) or finer FO abrasive grain than #1500, (for

example, #2000 FO abrasive grain (Maximum grain diameter:

17 um, Average grain diameter: 6.8-5.8 um), #4000 FO

abrasive grain (Maximum grain diameter: 11 um, Average

grain diameter: 3.4-2.6 um) or the like), and it is

preferable that lapping is performed by use of FO abrasive

grains as the above.

However, the loose abrasive grain used in the method

for producing a silicon wafer of the present invention is
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tabl e while supplying a polishing agent on the polishing pad, and thereby
the wafer was polished. Generally, polishing is perfornmed in a plurality of
steps. A stock renoval and flatness such as peripheral sags of the wafer
were al nost determined by an initial polishing (first polishing). Usually,
in order to inprove very mcro unevenness (surface roughness and haze),
polishing is repeated while changi ng hardness of the polishing pad and the

pol i shi ngt@gehtNieePet uPpt | FROVS oA BRSSO A Y S0l 3KhiBRFBE I ni sh

Do chi no JroRctEt i ShER S TRHASIS | GBS Y paA Ty T duced.  and.
wnter have e gter (TSt neasr CarrBe oy UGS (590 SIATSR M Tibeoss. an
12 SR R P ey AR S e S 08

Th il f in Ex le 2 bjected. to th | i shi :
and as a Pestl P19 1967 Thoh QRS ha br b todl Abe ObbPar RBAT WEFALEt ock

I - Thi I ] ! | i h l'i shi
removal o 19@0§5nlﬂ%3%§% ?%Zt%?o% -8 1he §%§%§ﬁ%ﬁﬁ yé in the polishing

is less than the va renova m in the polishing

process of a _£pByent)0fRl s PELGUC! L o1 FeHRORe Pl o SRLCONE VB ETqrand Tt s

clear that the present Invention can reduce e stock renobva

pol i shings; Nexbs B R d3se AK539080e Baekid dealmBangelnasel uase ofi A plurality

of obtained mrror-polished wafers were neasured, and an average val ue of

the GBI R ygd L@%pmsofaf%)?@é asedst Dngveh g wdeef | alnesse afrtde wafer. The
GBI R is defined generally as a width of nmaxi num and m ni mum position

di spl acenentising tae basisrofepnecdeted encRweichkacenwheh contsatywi thin a
waf er surface, and its value corresponds to TTV (Total Thickness

Vari ati onjhe wnr£in i 1 2e cofiviend | aneds specyfaoed | on.tdan firee melasapienment of
the flatness in this tinme, a capacitance type flatness nmeasuring appar at us,
9900 Ul t rafBagectnsde bhyr ADENSHr pof it coentms arsddi t anerodes sieas WwaEnent was
performed on the condition that the wafer periphery of 2 mmwas excl uded.
As a resudtloniet tver agdarsfipref IGBIRNGH A @ tdipnaiofed apPLNgr - pol i shed

waf ers was about 0.7 a e., the wafers had very high flatness. And a

bird's-ey@b¥lEVYO@rtﬁ%e21i%§oniV@i%rp%ﬁﬁ%ﬁaﬁﬁﬁkﬁh@@mﬁﬁﬁeﬁﬁ%ﬁs¥W®ention is
S D rdin ol ehaP A A Ve SX RG0S ro o She L SO AR T whi ch has been
subj ect ed9¥®tR rougher g

represented in the grain size standards of FO abrasive

grain or about #6000 abrasive grain represented in Japanese

Industrial Standards is used.

By such a method, both sides of a silicon wafer are
subjected to lapping of about 20-100 pum in total. If the
lapping is performed in such a manner, surface conditions
of the wafer is stable, mechanical damages are reduced, and
the wafer becomes one which hardly suffers from a selective
etching in a subsequent etching process. Therefore, the
wafer can have good surface conditions for use in the

etching process.

Next, the specific method of an etching process in the
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chanfering process as described above was prepared, the wafer was subjected
to | appi ng by use of #l 500 FO abrasive grains, and then subjected to
etching by the etching nethod conbining al kaline etching with acid etching,
in which surface roughness after etching is very good. After that, the

waf er was subjected to the sane process as the 44 pol i shing process

performed in th bove a e 2, and then the flatness of the obtained
waf er vvasc"’h%%ﬁffég‘.e IWQ%&%%Qr HdG Ke Sét%clrﬂ%,watfﬁé: éﬂfkﬁ]iene et chi ng
of 20 m by use of, a sodi um hy. r%xi de s_LoI.ut idpn Eav%gg i%s concentration of
480 by we'geMand e H&t It i Graatded m b§ 8B R¥xed acid of
hydr of | uori c_aci i.tric aci and acetic perforned.. As, a

" .

A USedE e Mg et ARLAGED SdE 1 MNP E AR B o the
h ) . i 'S¢ i, f t i i f

Ol paen dndis, TR s e dhar HP i S WA B gedeton M er

the | . . . p P . . .
T A e
and the I SO U rfordred f: al § U of high

concentr%f%&éﬁﬂﬁhﬁﬁﬁ%ncenﬁgﬁ%ﬁo {%ﬁﬁg %ﬁ%ﬁc}%{o%}nt IS gOO by

wei ght oripgii-ese aih tehsy die &d iso afrpi Gl d be obtained that has
t he surface roughness equal or higher |evel as conpared to the conventi onal

et chi ng conbizxd ngesdkabddearsded) Ncha dihcraicid €8 G MEChby saiossj bl e to
reduce surface roughness, and that has very high flatness. Nanely,

accordi ntl® ddrecqrteseinion nviendn ol k&l i91d iccoporafrar 10f My el ksilrifnace
roughness i s reduced and of which flatness is good can be produced by a

si mpl e medtaddivg tdwlutt jper frorgh ngarad plmreadsitng of satldliorg warferesses. (Exanpl e
4 and Conparative Exanples 7 and 8) 45 A p-type single crystal ingot
havi ng a thamsstrerfaf 2Q0renetewnimedkdiistd End/ sof cabowndl CHsZehywas

manuf actured by the Czochral ski nmethod, and then a silicon wafer (Exanple
4) was naEredhastigadd daRges s e Prisvesdiany windiut gegradsdseramtasi ve
grain of #1500 FO and NaCH concentration of 55.00 by weight) as in the
above Exafiteress mf dihe matlicen twhiai s &1d imasieoiee degqindad i9ar Sfet ers of
the rise,, the sag, and the wavi ness of the wafer, which expressed,its
surface s]ﬁa‘iaes‘bttér%?ct%?q(lﬁri%’s? Gt LAt eFhe Thedstifi RECRESERI £8 are

h in Fig. 10. At thi int, ifi ' met hods _of .t.he rise,
Che sag, aifd SHETITESE! Vil 157t chephidith S AT, i Sirier g iéasur e t he

ri se and the .sag of,.t.he sili fer .having a diameter of 200 nm whi ch was
a nmeasur i%tgcq'blﬂlﬁcstql%%%} er” ?‘ﬂ%c esY"'selé;?ltt hogE \Wé)freer’"g&l‘r é:(%echtl@gbe eval uati on
regi ons (%E% t. regi. 1,10 r a [ of the wafer
i ncl udi ngt echlhrIa%tecﬁlel ol?%%g lmm%s]dﬁég;s%are ’ataqﬁ %%%r%ﬂynstgl%val s by a
capaci t anGer tydhe-d | &t ness 1 iAg rt"?{(e” 132900 I 53 e by ADE
corporati (C)[%, ancg each measur ea Waf gﬁ‘%ﬁl c nzdss was e;etcg{legag%éﬂg%ti ally.

From t hesesgicded wakeepihi aknassorhhbeknens enaphacearnt zErom a waf er
central position W to a wafer edge position W (a central region of the

waf er andsia-eid pRignddy tdorHf WdrealLer basnpioved,n aNdpi® were read,

and then by use of the thickness displacenent fromthe wafer central
posi tion 3izd aml radrikeneat (g asduredvaf er central position to the
position of 70 mMmmin radius) 46
However, generally, if an alkaline component in the
alkaline solution is over 55.0% by weight, there may be a
case that the alkaline component is precipitated in an
etching bath. In the present invention, it is important to

maintain the state of the solution without precipitation of

the alkaline component in the alkaline solution of a high
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among the read thickness displacenent, a reference surface was cal cul ated
by a | east squares nethod. Next, in the peripheral portion of the wafer,
the difference of the thickness of the shape in the peripheral portion of
the waf er against the reference surface (virtual thickness) was anal yzed to
cal cul ate the absol ute val ues of the maxi num and m ni num val ues. And such a
cal cul ation of the absolute val ues of the maxi num and m ni mum val ues was
per f or nedC@VOeR Rkl endi dAnerefiognst e denPeéetisrabie wapér etghdnghes

measur enent was perforned so taht, an average of the obtained maxi num val ues
served asPFPBRO At +hCHBRER- e Fri hi TRIFRS/ e &F Ve &L '@ 1sdif On the
ot her hand,_in order tg neasure a waviness of the wafer, by use of an

uni ver sal Selitt heR ahapeChexstirry appRPALESULSE, 3F1EDHBR) LREJEARYSKOSAKA
LABORATORY_LTD. 6 e central region of the surface of the silicon wafer
(from t heoE T3P %%SFFFbﬁh@F‘ e WafefHCH e FEs P BREECTFEIm i n radi us)

was traced. a stylus to nmeasur nl y.shape coppanents except fine surface

&_ouglhnesSWJC%%R&;%{%@R%t?Fr nc%?e&%sagﬁﬁvﬁg{n I%c_mé) ; ]thr;g&ﬁi E:_kness -
i spl ace £ent . 1 r e arting poin

of the nggg%?%g%%tgﬁas ﬁ% 3@%?%M*ég§¢é}4%u%knégéﬂggépfg%ené%t in the end

poi nt. of L (Easusenbnly Wbl clhiBs: 1e Pasi Lian PhED M kher adi us f1om

the central position of"the wafer so as to have the sane height with each

other, andotbenfBAEIbRGPOINE SEEYPhA@SSALO i 15 fiich BRaplut 6 al ues of
Y1 to Y34, which were magni tude of thickness 47 di spl acenent fromthe

origin, wesfodBastFr&nddt bdMhidHEF Valpwedrd t he avekagerualiva ¥ft her eof
was cal cul ated as the average val ue of the waviness. As Conparative Exanple
7, after @asihésonosi vgh eargd yisial 11ngoti wass e eicibled-natdethd he sane
condition as in Exanple 4, |apping was perforned by use of |oose abrasive
grai ns of +#iR&baFlre NERt thet LA W@ Ss gk srireik f90°6t by Wekb.st ock renoval
of 4 amintotal of both sides of the wafer by use of a sodi um hydroxi de
agueous sol utAbsohavt ngsipsefensieht righdbons ofesS00f hyl wei ghthe and t hen
secondly with stock removal of 20 ,u min total of both sides of the wafer
by use ofgeneixeedaetie cofpeddign Hykk ofdnesitraltien off 50dahingi ght :
nitric acid of 70% by wei ght: acetic acid of 990 by weight = 1:2:]

(capaci t yCoEpPRIDNt ThHe e b Wdiersobst emutadtecledatrs, t(He dahe
production conditions as in Exanple 4 except the above processing

condi t i ondS1gRE ePT t PAF  LusvePhhi s HOWeVEgn Raedr 15t fhse TEEPSHABLEES of the

ise, th , t i f.th fer, ich dit f
Chape charhote [ el iebiamelieiud it G el Led i Thi CHS T AR RE The
i in Fig. 10. As Co ti Ex le 8 ft
o1t con Bhorb by S MR Cheerbra et ifed Middara) RemCANERCordt 1 on ag
in EX l.e 4, i i i f
41200 PO, e REPLIY S8R REL A TR OO ARE, QR N R0 08 50~
in total ofboibrsides of 4e YALETiAY dsfded Sodium hydradde aqueous

sol ution 48 having 1ts concentration of 500 by weight, and then secondly

Wi th stocksTeryRl voFidd widely, tialanla Paid &diesn&it the wafer by use of
a m xed acid conposed of hydrofluoric acid of 50% by weight: nitric acid of
70% by weigidtaBCeid@ @acd dkid PO byayed@hir = IThdrkfogapagit ysrati o). The
silicon wafer was manufactured under the same production conditions as in
Exanpl e 4oextepdbldettaboviche arsh dérdiss t i esf tdratal lasl iree tdunpcidritcon

waf er, three paraneters of the rise, the sag, and the waviness of the

waf er, whirc htlex pa Blsskthe tsokutr fat el s HEjfe mhaveaiodter i st i losss westel areasur ed by
t he above-indi cated nethod. The neasuring results are shown in Fig. 10. As
shown in ¢gy 10,cestrol tvarsitioorivdle efnedrtmateisent i nvention (Exanpl e
4), it was found that both absolute values of the rise and the sag (left
vertical axi sAtveFesemle, | IWEN Auea bfablne SR @rloRdsaving tiHee peri pher al
portion of the wafer except the region within 1 mmfromthe peripheral end
of the wedEf2laml ¢PURONGHe @ 1H4Bh GRIFE HeRE V&t Y9I @L1RAH faRYUp- o a
regi on near the geripheral end of the wafer. It was also confirned that the
aver age VPueLHfCTFR GRIVISHEES LAY ghtheerfiocsr aftey wREMEX6251~ m and

thus, the wafer had good fl atness even in
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the central region of the wafer. On the contrary, it was found that the
absol ute val ues of the sags of the silicon wafers of Conparative Exanples 7
and 8 were 0.89 ~ mand 0.44 ~ m respectively, which greatly exceeded 0.2
~m and thus, flatness in a 49 peri pheral portion of each wafer was
degraded. Further, it was also found that both average val ues of the

wavi ness of the wafers of Conparative Exanples 7 _and 8 exceeded 0.04 ,u m
and t hus,a¥faimes 9hany &SRl 411950 AULG YoCle 8¢h addPdri Nfa s Cdd§r e dtas
conpared to the silicon wafer, of the present invention. Furthernore, after
three ki rfistdf IHEED SR ey @TEB RS d SVBPGRASES dp8Fi §HCAgREF whi ch

2nd vavi I JFS AR ST Shete oo el GSir CPRE HiBas aREh PEosll LS

showed about . the sane .as .in Fig, .10, mpl es 5-13 and Conparative

Exanpl es Lbsedq‘@sl@n %@l&et ﬁ}%@iqq (?((?ﬁxugilr?&l‘e crystal ingots having each
di aneter of 2 eac I i i f. <1Q0>, ch resistivity
of about 10 S%Ps%tkbeé@?%%egngo% nog{%&([) _ e v]Fglree ent;drﬁlﬂ]‘n;it ured by the
czochral skiyfEtdete Noid odd e N Rt sepn 8 ok 1aiisled | ngot s having
each resistivity, silicorn wafers were nmanufactured under the sane

pr ocessi g, qondi 14:0np 5 idhd hes ahave.dxapl e Ixdnand shne Kinds of

silicon wafers were “obtai'ned (Exanples 513) . After that, each size of etch

pits formdygsSauaite sthare RN GH Wity f oigreixder saldang 1xaqryst al
orientation <l 10>, which were formed on'the (100) plane serving as etched

sur f aces it £ & |d < yodvaine h waSoNIRRS Wre ghotang itie yeioadelevalsue was
calculated. In this case, the size of etch pits was neasured by hol di ng

each sil igosfewafieie Smd0 in tdwatt ieada motseiuivas hyeratddiesiert, and observi ng
a length of a linear direction of etch pits existing on a straight |ine
drawn t o ptdferabireect Fomthear, tthethaf presenteintgntisenpfeanhopfi cal
m croscope (with a magnification of 1000). These neasured results of size
of the etWtegs tasl lofl iger eagifdrsomsnafeay ber elasicbwrd one, Tahl @ 2 lagraflditiyows and
He. 1L of these alkaline components can be used as a mixture. For
example, it is possible to mix sodium hydroxide and
potassium hydroxide or to use sodium hydroxide alone.
And, the elimination thickness (etching removal) of
the silicon wafer etching-eliminated by the etching method
of the present invention can be set at a minimum thickness
possible to eliminate mechanical damages suffered in the
processes before the lapping process, and it is not limited
in particular. However, in consideration of variation of
penetration depth of mechanical damages necessary to be
eliminated, the elimination thickness falls within the
range of 15-40 um in total of both sides of the silicon
wafer.

This elimination thickness of the silicon wafer is

controlled mainly by adjusting a time of immersing a
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Al so, as Conparative Exanple 9, a silicon wafer was manufactured under the
sane conditions as in the above Conparative Exanple 8, and the size of etch
pits formed on its etched surface was neasured by the' above neasuring

met hod. Further, as Conparative Exanple 10, a silicon wafer was
manuf act ured under the sanme conditions as in the above Conparative Exanple
9 except that its resistivity gﬁs,about 0.007 ~_cm and the size of etch

pits formEd Pt KT hd Furg IhsS Hedsiffed. ATRRseCheaB8ir enent resul ts

f Co tive Exanples, 9 and 10 | hawn_in Table .2 Fig. 11. 51
(Tabl 6 2 SO oo oo SRS A OOt B LSRR 1S rdf 820

umber <) VA a0, 13S0 &S Hbass W SIS e bed 0 e |
' 758. 64. 8 - 7 63 90, - Q1. I

058, 64 98- DUI0EANT B 1. Pa0 148, T I ¢ 100, 0078573 W20 Exanpl o
1358. 66. i : i i

100, pp750 T8 B1E AC S RouAT] R E g CEE T S, I Eon Tt o5 e T Ecent

i nventi on; can.¢ ediog, dhe il 28 i &) SRl (7 100e 3378 o e¥e! angemal ler as

conpared to the wafers having the sane
of 15-40 pm. Usually, it is about 5-60 minutes.

In addition, when the silicon wafer is immersed in the
etching solution, a conventional method such as vibrating a
wafer or applying ultrasonic wave to the etching solution
can be performed optionally in combination with the method
of the present invention so that the etching is performed
uniformly.

By the method for producing a silicon wafer of the
present invention as described above, there can be provided
a silicon wafer of which surface roughness is remarkably
reduced and of which flatness is good.

Hereinafter, the silicon wafer of the present
invention will be described in detail with reference to
drawings.

The silicon wafer of the present invention has etched
surfaces on both sides, and it is characterized in that, in
a peripheral portion of the wafer except a region within 1
mm from a peripheral end of the wafer on the etched
surfaces, an absolute value of a sag is 0.2 um or less,
and moreover, an absolute value of a rise is also 0.2 um

or less.
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resistivity (Conparative Exanples 9 and 10), which were subjected to a
conventional etching of the conbination of al kaline etching and acid
etching. Also, as conpared to Exanples 5-7 and 8-10 each other, it was
confirnmed that at the higher al kaline concentration in etching, the size of
etch pits becones smaller, and by nmaking al kali ne concentration higher,
average size of etch pits was able to be reduced to 7 ~. mor, I ess, or

further, 6 5At thif &Goiss AL ISR Sa%d 3N Baarpisss ©f 2 s911&% 10. Such
been. obt ST CBverts GRETIALINbrEaTort ESHETEY £ AreHAGAS) that the T over
Hovever . SRR YTEIRE 1y SESH Aot oy St iEhE WBESTS Mhadi ng | ow
oS gl BB G ol e I PTLS T N g aLatieh oL

crarml o, SR dperl et in el o epiReamention e Ue e |

i nvention; € averag hpi f's can be reduce

Thi s aver@%ed%’ ngL Of cdhevth wists Afhofri iR ¥id €ss is very small, which has
obt al ne ]b a

not been y a conventional silicon wafer having a low resistivity

of 0.01 ~ cmuy diess NeXtigSid,i cameaiers of dRamledd A iCampeY ati ve

Exanple 9 were evaluated in terns of a nanotopography. First, one etched

surface ofs w&e@ﬂﬂeﬁ%ﬁ@&bméﬁéﬂ&k RRIdshed dynssEedfing polishing

apparatus shown in Fig. 6. After that, the mrror-polished surface of each
vaf er waprmasy etbdm 4 @ore pferedc kmamet eifogephy fier tive Kipidseaf: regi ons

of which W NDOW SI ZES were 0.5 X0.5 nmand 10 X 10 mm by use of CR-83SQM
made by ABRECe pof dtheomwaflar tdn L£heedsikeeneisual 1yheinanhhtopageaphfiy, one
measurenent unit (one pixel) was 0.2 X 0.2 mm And therefore, in the case
t hat t he A NDAMSIZPwas: G Bhéoe Dy gtilnegn xelfers3 the evaluation

is conducted without respect to this chamfered portion Wm,

i.e., this chamfered portion Wm is excluded from a

measuring object. In the present invention, the evaluation

is conducted under the condition that a region within 1 mm

from a peripheral end of the wafer including the chamfered

portion is excluded from the measuring object.

In order to measure the rise and the sag of the

silicon wafer, first, the thickness of the wafer on the

whole wafer surface within a measuring region is measured

by use of, for example, a capacitance type flatness

measuring apparatus, and the thickness displacement of the

wafer surface is calculated therefrom. And among the

obtained thickness displacements of the wafer surface, a

reference surface of the wafer is calculated from the

thickness displacements of the wafer surface in a central

region of the wafer. Namely, the reference surface S is
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which is three pixels in |engthw se-by-three pixels in crossw se were
nmeasured, and the nmaxi mum m ni rum val ue (P-V value) in the nine pixels was
calcul ated as a center pixel value. Next, the sanme cal cul ati ons were
repeated while noving one pixel at a time. And, after the cal cul ations were
conducted on the whol e wafer surface, each center pixel value was conpil ed,
and then the ratio of areas which.is_not |ess than the P-V value of the

hori zont &R Wadhs &S SnEkSP42GFRERSad thRE 8vErPIEERSN of the
107X 10 i e brs b8 ey 14 Pondust BBy A 0CaRESHERNGE A5 In the |
ﬁi‘.ﬁﬁefeifcp“%% ega‘ﬂé%o%%%%né“ P55 g S53hPHRoRE TRRDOW antl the
cont or PSR Ao, %#&%Z%ﬁ'@i’%ﬂtg&??&éi Yot %aigﬁsws%%"éii'ﬁéf e 6 and
Fﬁ”FﬁéaL;s rt@r%%{@?%%fmwf%f B e AR 35S RBn T Fi g, “15 i
the case 9fi 10, lg)t 33&§§%§1%HFH Sq %%a%@§1 obﬁe srgggbﬁated t hat

in the resu ts of I con fer 0 'e’6 has

smal | er BV ualues etd@gz WRe Sl GOBoNaker ink CREMAEA! Lvechxammie 9, i.e.,
it was found that the Silicon wafer of Exanpl e 6 obtains good

nanot opogicdjifsh o thel Reg@Ey entd aa%@r@@ﬁ@@@qt beetExanpire thd) wAsekxanpl e 14,
a plurality of silicon wafers which were sane one as the above Exanple 6
wer e prepa egkpridymeidy bya Xp- tayee 1% kheopreiseglte iekxsittdboni, ngat havi ng a

di aneter of 200 mm crystal orientation of <100>, and a resistivity of
about 10 postimiwas dfi KStilsy desfiiufeal tagr ethebposhe 1CnooHr 8l0skim febmod, next the
obtained silicon single crystal ingot was subjected to slicing and

chanf er i pepripheesdesncamtd ferthieappifiey ((steckigemdval oh Fdd:tignpy use of
#1500 FO abrasive grains and etching (etching renmoval of 20 ~ m) by use of
sodi um hydreoxiasd thavi of tthe dloralemeneokcant ganesaldly S&cddety wei ght were
performed in sequence to nanufacture silicon wafers. On the other hand, as
Conpar at |QF€UEX@&§-IYe depengligioy ozl iet y‘ﬁléﬂcpﬁewﬁllfﬁfc@@ Wef 8680whp8H were sane
one as the above Conparative Exanp 8 were prepared. Nanely, |apping was
per f or e P e @Eeﬁfﬂéolﬁﬁqm&iQ@ é@r&@Fvé1@#5ﬁﬁ%thﬁé?FO et chi ng was

performed firstly with st ck r emoval ép ~ min total of both_sides of
Phe vafer by AREwf I R ae e LU= U0t g FES-

concentr n of Z%ﬁ_gy and t hen s%condl N % ék re vaI of 10
~mint Val dH ﬁg et ?cﬁy usé & gaﬁp%g € ﬁposed of
o oot “&%&%%%r%l"h&%f% Oﬂ%@;ggﬁ b EG, Bl %&s@ﬁ&?’é&%@'@?; Swere

manuf act e dinders e cpaTengoRditl ons B8 BnEXATPLE L fXEERL LNe above

proceSS|ng co bsequently, t he obt ai ned

silicon vgfens Qmparamhe %ﬁea&@fGQ@B%%a%bY%aEéa@p|eAﬂé VRS &% I @t POl | shed
under the sanme conditions, six wafers were picked up randon1y fromeach of

Exanpl e 14 1aed SEoRmp@r %hll\(:fkngé@”@l@fbiren@@dthQheV\@thﬁEiﬁutﬁé in terms of
the rise and the sag on mrror-polished surfaces of each wafer. The

measur emgrirs phferalle porsd canad ft hkesag fier eaabawatietonehe eetiduehed in a
peri pheral portion of the wafer except a region within 1 mmfrom a
per i pher aurdadeofS tilse dedfieedbyst he rabevdA) ndacdt ed smeasumungvaigtikod. The
measuring results of the size of the sag are shown in Fig. 14, and the
measur i ng s eésdlinedofast lae seigzd Bof. t Ferthee, atlee showpknas i garistion

o in the central region of the wafer is defined as a

waviness (C).

As to the silicon wafer of the present invention, as

described above, in the peripheral portion of the wafer
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As clear fromFig. 14, all mrror-polished silicon wafers of the present

i nvention have the absolute value of the sag of 0.5 ~ mor |ess, but al

waf ers of Conparative Exanple 11 have the absol ute value of the sag nore
than 0.5 a m Also, as to the rise, all silicon wafers of the present

i nvention have the absolute value of the rise of 0.07 ~ mor less, which is
equal to or snaller t han the val ue of a conventional wafer. Therefore it
was foundXIRRT tTe HeFHn Fois d I i IO aree P PNRE 3t ES&HE Fnvent i on
isS nore %ggroved in terms of the flatness in the peripheral portion of the

vaf er as onpie PR 1 H@%cﬁ?/%ﬂtqtc?né’la]\%é? a3 15 0-4 hB @hse, as to
h | f | 14, th i f th t dth

Val ue. 56 LE% S e R o eet bl S ARSI e so ) Bl g and the, average
opposi tedleoe]sm rﬁ“ﬁer@%'o ghedgurh ?[%?;H Bﬁggeégﬂr 84 nA8e2 1B§§“£th1 § was

conflrne € aver adge $rz8'o s In each warer was about

004 U fﬁmﬂﬁc} SRR ﬁ%ﬁ%ﬁé@a PHESE R &) e or
mrror-p J%dd \gnc(yvegrfg manu ;g% roft Qelesmeq:o%qllldtl ons as

Exanple 14 bon waf ers “wer y an ion inplantation

del ani natjonmathod, (i Eae%r@ola%l@abla@dfeglwtﬂw afoanunkandsd region in
no

t he peripheral portio each of the waf ers, was neasured. Hereafter,
t he manuf@siiddng nmethod of an SO wafer will be explained with reference
to Fig. 16. First, sixty-four mrror-polished silicon wafers of the present
i nventi on werkuptlepsy esccdtdiny -tovaswe ef ssiouticof wwifdry-dJoutharer e used as
base wafers 21, and the other thirty-two wafers were used as bond wafers
22. At t pregmitntinvdret bond stafar SSHRP avera gubjadateec ft dhreatavtimestsment i n
an oxidi zing atnosphere to forman oxide film 23 of about 150 nm on whol e
surface ain édch atadleyrd sandfadeen,sHopdy dged iomsonetess pplantad baraugh the
oxide filmfornmed on mrror-polished surface side under the conditions of
t he accelwafRY AR WiGIE atfr whiZd K\ tams s e ddee candual gfeB.oB ©d16/cnR, to
form a hydrogen high concentration layer (ion inplanted |ayer) 24. Next,
mrror-poMisi&fer f ace of the base wafer 21 was 57

Furthermore, when a plane orientation of the silicon
wafer is (100), after alkaline etching is performed, etch
pits forming square-shaped openings with four sides along a
crystal orientation <110> are formed on the etched surfaces.
However, according to the silicon wafer of the present
invention, the average size of the etch pits becomes small,
i.e., 7 um or less, further, 6 um or less. Also, there 1is
a case that a silicon wafer is used after subjecting its
etched surfaces to polishing slightly. For example, if the
stock removal is about 0.5 um, the size itself of each
etch pit is equal or shifted to a lower value compared to
each etch pit before polishing, and partially etch pits may
be disappeared. On the other hand, in a conventional

silicon wafer, in the case that the size of etch pits are

32



close contact with mrror-polished surface of the bond wafer 22, on which
t he hydrogen high concentration | ayer 24 was forned, through the oxide film
23 at roomtenperature, then, a heat treatnent (del am nation heat
treatnment) was perforned at 500C for 30 mnutes to delamnate it fromthe
hydr ogen hi gh concentration |ayer, and thus an SO wafer 26 (Exanple 15)
and a residual wafer 25 were obtained. As to thirty-two pieces of bonded
SO waf ersedecerndl st (Rledh g dRdIehetPbeVidd (e ‘dich I r adi al

di rection of an unbonded regi on, which was unbonded in the peripheral
portions Wt AR ERTGRIG, RS FEHRIRd. thth & RdR (g Yol tiSSare shown
in Fig. 17 as a histogramplotting the width U of the unbonded region in
each sanp?ez§ ntalskiessPeHd ¢ + eguBnc yNTRHLY nARRIT NG I in ordinate.

nder { nSa o o et CHPRr | IR 1 PGPSR0l v o1
Exapl o T4 At kit 4 DS HRRShao it gl TG (6P pher al
Chown 1n i iE R TR B TR o B Sort i on of
it ers. of Eomar ot ve B e 15, o T T bl & Hacore 2ohron Gaal(ty Sa

vaf er havigg %Eargqel AYETEHD (@ 1188 Odh Neaindd e pard phesal, spgkaf the
wafer. 58 The pre

sent invention is not linmted to the enbodi ments

descri bed; ahpyed ey ahQyE: A Coi PrbE M0 G s Sn i £ d‘%’%’@%ﬁ ey and
t hose having the substantially same structure as that described in the

appended ©h&i IBk@nd- 10y i 0k N b i drarcdrunatt s Jandt agdiianiczges are
included in the scope of the present invention. For exanple, in Exanples
and Conpatrladt vehxiaimpd efsa dsamsdave, 1 vhelny tie etahr nigh wasageinforafedthd he
tenperature of the etching solution was 80C. However, in consideration of
stabilitywafet Heecnlas itdre giide ¢f keor(ventoraerl rgicht pigeneat darge.
precipitation of the al kaline conponent), it is preferable that the

t enper at dieveeerontf dihedctthgRrsuntacsod Worctexadmse, off L atemidrat ure can
be controlled at 85C or 90C. Further, if the concentration of the etching
sol uti on a%e nEral} T et ddle theeIAHp BN I 1ha1sas] @S éh @WTHIaT urt her
increased to_performthe processing. Even when the tenperature is

control | e B Rs dFidethiBovrg el Wkd efahPA HEFERE SF aslriGicdle ¥oughness

and good fl atness which ar fo or ter than thosg of the wafers of

| by
The Sbove o ool gt ba A el b efbe i Fn THOLCOT 1A TRE AV E Bt o,
th hat SQ _waf, manuf act ured by.an ian.i ml ant at |
defa%aa:t#%vﬁ %%%%la%r S’e%qea]in%%erg%r r errpcfb%fsﬁncbult}t nt Iogpnbaralgesgmeoinnventi on is
t limt t . ot d b
bondi ng. rerret Aokl FrE RS | L Ro 0L HECER0 100 B OSSO 8

bonded, and-d44en AddHCKNESSeWn 2% the silicon wafer is p-type and

has a low resistivity of 0.01 Q +-cm or less, the average
size of etch pits formed on the etched surfaces can be 8 u
m or less, further, 7 um or less. Therefore, the above
effect of reducing chucking failure can be certainly
obtained, and when such a silicon wafer having low
resistivity is subjected to epitaxial growth, it can be
made into an epitaxial wafer having gettering ability. And

therefore, the silicon wafer of the present invention can

33



t he bonded wafer is reduced by grinding, etching or the |Iike. And noreover
it goes without saying that the SO wafer can be produced by the SIMOX

nmet hod. 60 CLAIMS 1. A nethod for producing a silicon wafer, wherein the
met hod conprises at | east a | apping process by use of |oose abrasive grains
and an etching process by use of an al kaline etching solution, lapping is
performed in the | apping process by use of abrasive grains having a maxi num
grain di anetesedfppafitamprasezsshaghl amahiey agebgreatre diecmeter of 8.5 a m
or less serving as the |oose abrasive grains, and after that, etching is
per f or redephtakeadt ghPwghpr ocess by use of an al kal i ne sol ution having a
concentration of an al kal _ne conponent of 500 by weight or nore serving as
t he al kal i ne At8hi ngcserdingnto2thghpresenbdirvenproducimera &1 ikodn waf er
according to claiml, wherein the alkaline conponent in_the alkaline

sol uti on PEO¥3deAn® h§at bRPAeWater ThEngEe o PP PFRRVGPhGRE sFH AT waf er
according to claim1 or 2, mhgrein t he etchin% IS gerforned whj | e

control | i HT&Tt BFPEPAEHFRSEf 2PAES af k@l $heNeD| THT LACTHH 1 AR £ kRS Tof
80-300C. 4. The nmethod for_producing a silicon wafer. accordi any one
of ol ai msoteastaRere MancaPiRfns beadats i aph oL FRH  ai Shston ae

the Iooses%PEgghvSa IS g%tained by mirror-polishing at least one

side surface of the silicon wafer of which sizes of etch
pits are small and of which both sides are flat etched
surfaces up to the peripheral portion of the wafer as
described above, it can be made into a mirror-polished
silicon wafer having good flatness and surface roughness,
and extremely high nanotopography level.

In addition, the term nanotopography (may be called
nanotopology) here means unevenness of which wavelength is
from about 0.1 mm to 20 mm and of which amplitude is from
about several nanometers to 100 nm, and as to its
evaluation, vertical intervals of unevenness of only a
wafer surface (P-V value; peak to valley) are evaluated in
the region of block areas (which is called WINDOW SIZE or
the like) of a square having each side of from about 0.1 to
10 mm or a circle having a diameter of from about 0.1 to 10
mm. This P~V value is called a nanotopography height or
the like. As to the nanotopography, it is desirable that a
maximum value of an unevenness existing within the
evaluated wafer surface is small. Usually, a plurality of

block areas of squares of 10 mm are measured, and these
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5. The method for producing a silicon wafer according to claim4, wherein
the alum na based fine |apping material is an artificial enmery |apping

mat erial nade of a m xture of alum na abrasive grains and zircon abrasive
grains. 6. The nethod for producing a silicon wafer according to any one of
clainms 1-5, wherein the concentration of the al kaline conponent in the

0 TSR Sl o L B
Phe waf erTEURIT U T n OO CHE P SRR o pe e G B he et or o
(e ot chegh purfaces . 0 2950L 8 YAl o i mimaue (ong)e o &

age 15U 9151 0R, B gb 00t 2 ned {rom o hickness i splacerent of e

o LA S e 2 2

t he waf er except a region w era e wafer on

the etcheg surf3eeshe gorahsol Ul ol e Ofi @ YRXIdBIMPH MG ({d:88)orPf a
t hi ckness difference of a shape in the peripheral portion 62 of the wafer

agai nst the #1ed areree SHEERCa I fedich witdim | esen bm BeetidHean vaf er
according to claim8 or 9, wherein a plane orientation of thé silicon wafer

is (100),emddot henethetb suid Bcasedisiimacd IdLahawiefehavet ch pits
form ng square-shaped openings wth four sides along a crystal orientation

<l 10>. 1llapddeutst | v&DRe Vef ef ftf o Nee te. £ @m0l cwbengtintha average size
of the etch pits is 6 ,umor less. 12. The silicon wafer according to claim

8 or 9, wiss®lwta eoharichf va tyidey pean oP-dype,0 DT esmsbirviieygsi.s 0. 01 SZcm
or less, a plane orientation is (100), and the etched surfaces of the
si licon VEiercfone, ettcrogienes or mingr aenrole-diethetl oipeoi ngsfesi th four sides
along a crystal orientation <110>. 13. The silicon wafer according to claim
12, wherdiavimg very high flatness up to a region near the
peripheral end of the wafer.
And, by use of such a mirror-polished silicon wafer of
the present invention, the wafer is processed so as to form
an SOI structure such that an insulator film and an SOI
layer are laminated in order on the mirror-polished surface
side, and thereby the high quality SOI wafer having a large
available region for fabrication of devices up to a region
near the peripheral end of the wafer can be made.
In this case, a method for forming an SOI structure on
the mirror-polished surface side of the silicon wafer is
not limited particularly, and an SOI wafer can be
manufactured by, for example, a bonding method, SIMOX
method or the like, which is conventionally performed. For

example, by use of the silicon wafer of the present

invention, an SOI wafer can be manufactured by an ion
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average size of the etch pits is 7 ,u mor less. 14. The silicon wafer
according to any one of clains 8-13, wherein on the etched surfaces in a
central region of the wafer, an average val ue of a variation (wavi ness) of
a thickness displacenment on the wafer surface is 0.04 ~cmor |less. 63 15.
A silicon wafer, wherein at |east one side of the etched surfaces of the
silicon wafer according to any one of clains 8-14 is mrror-polished. 16.
The si|ic@mpw@ﬁéata@aogaﬂa@ln@t¢Daimelspdmh@he@h in anperf pherdingorti on of
the wafer except a region within 1 mmfrom a peripheral end of the wafer on
the nirroRepbPrdshedcadiiprdcemartt Ratsi(regont abedr tradempsh) vnethadlie of a

m ni mum val ue (sag) of a ~hickness difference of a shape in_the Peripheral
portion ofeehdapahepcafarfsf NorePBRBARE) surRAcENBBERY nedWidEim @T t# ckness
displacenen% of the mafer,surLace in a central region. of the wafer iis 0.5 ~
m or | essUPPNAeHe 8P PROAMWEREr PEELBIREFAY PBLEFA MY AEChr 19 6UNPRTeE N in a

i ph I i f th f i hin 1 f
SRR T E R R TN S

I f i . i f t hi di f . Of inth
value o BoRKL N el eoheLeg)nBhuRoll gk ALkt ohisi ol g, aps 1 the
t hi ck L.spl - i I f th
L1y cknecs displ aeeTE, oLoAbg YpLer SUELSGRL D eotnL sl psegione o the

i | fil ' i d
I nsulator Ti gy%gggggcgggpggﬁe% %p@ ﬁ??ka?gﬁglhghgg RLFAR bherpe

mrror-polish e silicon wa according to any one of clains

15-17. 64preé%PtAiﬁbbhE98nWaBﬁrSowh@éﬁéﬁ Lhe st 598 MehEFabasran @%Ched
surface on at |[east one main surface side, an plain orientation of 1he

silicon vaf erMox d@Abd. ! NEnetshask Sudmoe fiasn & NP Isnde&d M:Rgyen)

squar e- shaped openings with four sides along a crystal orientation <110>,
and an aveeggedsizetht ihBeheticbupht 8has 6xygshoiohess. idPlakcsdl feom wafer,
wherein the silicon wafer has an etched surface on at | east one nmain
surface sitle, mareondpollivhey type b pheyperroespslivheéy waffrOdoSZcm or

| ess, a plane orientation of the silicon wafer is (100), the etched surface
has etch piors for okpgesquaneishapetiedpéavays andhtheuexggersiahong a
crystal orientation <l 10> and an average size of the etch pits is 7 ~cmor
| ess. 21. imhéasikdcoayaaf &6 gbsngeadngnto @l aihigonopx2de Hhdnein on the
etched surfaces in a central region of the wafer, an average val ue of a
vari ati on (PlaerAess)}def falmhi BknBsghdispPaterernt baathereateensur face is
0.04 ~cmor less. 22. The silicon wafer _according to aqg one, of clains
1921, whePBinWalfai ReBUERGEETRAI X FRet RéMEHpBetiedspdeddsCEHee@t ched

rf [ mrror-polish :
surtace %bgve ag tgg f%a grgugﬁggeflatness of the mirror-polished

surface of the mirror-polished wafer before implanting
oxygen ion can be maintained in a surface of the SOI wafer.
Therefore, if the SOI wafer is manufactured by use of the
mirror-polished wafer of the present invention according to
the SIMOX method, the surface of the SOI layer has high
flatness in not only a central region but also near
peripheral end of the wafer, and thus the SOI wafer can
have a large available region for fabrication of devices.
Further, the present invention can provide a silicon

wafer, wherein the silicon wafer has an etched surface on
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23. An SO wafer having a structure such that an 65 insulator filmand an
SO |ayer are lamnated in order on the mrror-polished surface of the
silicon wafer according to claim?22. 66 .A A

CA(LANLA AAS AAAAAALA . AAS. As.AAAAAAAA.As. AAA As. A As. Aa.
AY. A A AL. Al . A AY. A Al LA . Au. AAAS.An.AS AN A A .AY.AAA . .AIT.AY. A 2. A
2.A1.AL3 %A A HY. AnP

{val gb] X% a] ¥ ééﬁléh]%%égﬁ%wéﬁngéilééfbéﬂréeﬂ“ééltégflcéﬁfcéf‘@al ca cal
ga] )ig]nfg]sfj Jc%c]%éﬁ% @c@daﬁ?ﬁ eaz]cg]aﬁlgc%%%]a&?] @Q]ch]tgg] Dif8a] ca] ca] cal
g’?lli:i]s(r:l?] ﬁlﬂc Cflaalﬁcaﬁ ca] nail a] ci:%lca]ocla:] ca c,eé"] @&P@%?%g?gg?gg]zzg]ggg
? ca] ca];»@@%%ﬁﬂ ca] car]of:l%] r]ag% ca% %ca] c% ca]cca] calcalc
Ll st )l gl s G
] ca] ca] ca] Cahﬂﬁhﬂ?&ﬁ@ | Gale gl G Cl%]xﬁe’f}]&%]rflaﬂaﬁﬁla%]oc?a HEES BB TTTUMVW

VWP VNN Y=ZW\ }\\ 5aaaaabb Zb} xsnid_Z]]]ca] ca] ca]ca] Ca]ca]ca]ca]lca]ca]c

Ei] ca] gall%]dlcldi&ﬁ]ufaaﬂé&a] Gl iGRler eahcdgrlealaaleal aal edlpakcal ca!l Zbbbb(c
CCcCC

e@veeef Hidfddd godgtgdahagal xs duadl |seajfeajec alier], ca eaherleafeacal cal calc

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ggghShohhhh5i
M Ni[iiiitypd Qzjgd-tgekkkkddmgaikisy d Z]d.Joaajzal@alsraliealssalcal cal ca] cal ¢

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! KnLnmmn

ooqqu#w) \mikeume( /drijer(ta (o xehittheZ]qillcajorn edleralica) (@806 a] ¢akc alcakdal ca] cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]cajca]cal QRz, 2 G ;

}xsni d_z}gysaiass) dafvsa)aje alioa) cajsinga ssplecal sipealc apealoghc alith) ca] ca ¢

a] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]ca!;

Tiro(!!" 1IsMQ-s; d&1lnq @]%ﬁdmkﬂ@@@@]@@béjwoap@d] @&] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c 7] ca] ca! ~Cou] RX*cj pz{9nQ e} xsni d_Z
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invention becomes a wafer in which the size of etch pits
formed on the etched surface can be extremely reduced,
which can not be obtained conventionally. Therefore, if
such an etched surface having small etch pits is used as a
chucking surface in the case of performing a dry etching or
the like, chucking failure, which is conventionally seen as
a problem, can be reduced drastically. Further, since etch
pits can be easily eliminated by polishing this etched
surface, a high quality silicon wafer exceeding in a
nanotopography can be obtained, and moreover since a stock
removal in polishing can be reduced, its productivity can
be improved.

Further, even if the silicon wafer of the present
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0.04 pm or less, and therefore, it becomes a wafer having

also very high flatness in a central region of the wafer.
And, it is possible to make such a silicon wafer of
the present invention into a wafer wherein a main surface
which is the opposite side.of the etched surface is mirror-
polished surface, and by forming an SOI structure such that
an insulator film and an SOI layer are laminated in order
on a mirror-polished surface side of this silicon wafer
according to a method such as a bonding method or SIMOX
method, an SOI wafer can be produced easily. Such an SOI
wafer has etch pits of very small size on the etched
surface as described above, and therefore it becomes a very
high quality SOI wafer which can reduce chucking failure

drastically.

The present invention will be explained hereafter with
reference to the following examples and comparative
examples of the present invention. However, the present

invention is not limited thereto.

(Examples .1-3 and Comparative Examples 1-5)
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First, a p-type single crystal ingot having a diameter
of 200 mm (8 inches) and a resistivity of about 8-10 Q *cm
was manufactured by the Czochralski method. In accordance
with the flowchart shown in Fig. 1, the obtained ingot was
sliced by a wire saw into wafers, and silicon wafers of
which peripheral portions were chamfered were prepared.

Next, in the lapping process, the above prepared
silicon wafers were subjected to lapping.

In the lapping, the lapping apparatus shown in Fig. 5
was used. As to loose abrasive grains, two kinds of FO
abrasive grains of #1500 FO abrasive grain or #1200 FO
abrasive grain which are lapping materials made by FUJIMI
INCORPORATED were used, and the lapping was performed while
supplying it at 1.5 1/min from a nozzle. A stock removal
of the lapping was about 70 um in total of both sides of
the silicon wafer. By subjecting the wafer to such
processes, two kinds of lapped wafers were obtained.

Next, by use of granulated powder of sodium hydroxide
reagents of Cica’s first class made by KANTO KAGAKU, sodium
hydroxide solutions of three levels of concentrations of
50.0, 55.0, and 58.6% by weight were prepared respectively
as alkaline etching solutions. Each etching bath was
filled with each sodium hydroxide aqueous solution having
the different concentration, and heated to 80C. After
temperature raising, two kinds of the lapped wafers, which

had been subjected to lapping as the above, were immersed

into each etching bath of which temperature was maintained
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at 80°C to perform etching, and six kinds of wafers having
different production conditions were manufactured. In this
case, each stock removal of etching was 20 pum in total of
both sides of the wafers. In addition, for comparison,
wafers were manufactured by performing lapping in which
#1200 or #1500 FO abrasive grain was used as loose abrasive
grains, and then, performing etching in which alkaline
solution having alkaline concentration of 48.0% by weight
was used.
In regard to each wafer manufactured, surface
roughness of the wafer was measured by use of a stylus type
surface roughness measuring apparatus, SURFCOM (product
name, made by TOKYO SEIMITSU CO., LTD.). Production

conditions and results of surface roughness of each wafer

were shown in the following Table 1.
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Loose abrasive | Alkaline Concentration (| Surface Roughness

grain % by weight) (pm)

Example 1 FO#1500 50. 0 0. 20

Example 2 FO#1500 55.0 0. 19

Example 3 FO# 1500 58. 6 0. 20

Comparative FO#1200 50. 0 0. 26
Example 1

Comparative FO#1200 55. 0 0. 25
Example 2

Comparative FO#1200 58. 6 0. 26
Example 3

Comparative FO#1200 48. 0 0. 30
Example 4

Comparative FO#1500 48. 0 0. 28
Example 5

As seen from these results, the etching was performed
by use of the alkaline solution having the alkaline
concentration of 50% by weight or more, and thereby, the
wafers of which surface roughness was 0.26 um or less were
able to be obtained. Further, as compared to the
difference of surface roughness depending on the difference
of the grain size of the loose abrasive grains, the lapping
was performed by use of #1500 FO abrasive grains, and
thereby surface roughness after etching was able to be
suppressed at 0.20 um or less. This value is equal or
higher level compared to a value of surface roughness
obtained in the case that etching is performed by the
combination of alkaline etching and acid etching.

Next, each size of pits generated on the surfaces of
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10< each silicon wafer in Examples 1-3 and Comparative Examples
1-3 after the etching was observed. These results were
shown in Figs. 2(a)-(f). These are observation views
showing conditions of wafer surfaces observed with a light
microscope. Square pits forming approximately square-shape
openings with four sides along <110> were observed in any
wafers. If these pits become shallower and smaller, it is
easy to eliminate them in a polishing process, and thus it
is preferable. As compared to each wafer in Examples and
Comparative Examples, it was found that the wafers in
Examples have shallower pits, and when its alkaline
concentration is more increased, the pits are more reduced
in size.

Next, silicon wafers (Example 2), which has been
subjected to lapping by use of #1500 FO abrasive grain and
subjected to etching by use of the alkaline solution having
the alkaline concentration of 55.0% by weight, were
subjected to a polishing process.

The apparatus and polishing conditions used in the
polishing process are not limited particularly, and for
example, polishing can be performed by the polishing
apparatus 10 shown in Fig. 6. First, the wafer 13 was held
on a polishing head 11 having a rotating shaft so that a
work surface was directed downward, and the wafer was
pressed on a turn table 14 (polishing turn table) to which
a polishing pad 12 was attached. Next, the wafer 13 and

the turn table 14 were rotated to rub the wafer on the turn
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pad, and thereby the wafer was polished.

Generally, polishing is performed in a plurality of
steps. A stock removal and flatness such as peripheral
sags of the wafer were almost determined by an initial
polishing (first polishing). Usually, in order to improve
very micro unevenness (surface roughness and haze),
polishing is repeated while changing hardness of the
polishing pad and the polishing agent to be supplied (so-
called secondary polishing or finish polishing).

If the surface roughness of a silicon wafer is small
after the etching process, a stock removal in a first
polishing can be reduced, and thereby sags in a peripheral
portion of the wafer can be prevented and the wafer having
higher flatness can be produced.

In this polishing process, an alkaline solution (pH is
about 10.5) containing colloidal silica serving as abrasive
grains used in the first polishing was used as a polishing
agent.

The silicon wafers in Example 2 were subjected to the
polishing process, and as a result, mirror-polished wafers
could be obtained with stock removal of about 10 um. This
value of the stock removal in the polishing is less than
the value of the stock removal (about 12 pm) in the
polishing process of a conventional production method of a

silicon wafer, and it is clear that the present invention

can reduce the stock removal in the polishing. Next, GBIR
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The GBIR is defined generally as a width of maximum
and minimum position displacements on the basis of one
reference surface which is set within a wafer surface, and
its value corresponds to TTV (Total Thickness Variation),
which i1is a conventional specification. In the measurement
of the flatness in this time, a capacitance type flatness
measuring apparatus, 9900 UltraGage made by ADE Corporation,
was used, and the measurement was performed on the
condition that the wafer periphery of 2 mm was excluded.

As a result, the average value of GBIR of the obtained
mirror-polished wafers was about 0.7 um, i.e., the wafers
had very high flatness. And a bird’s-eye view of the
silicon wafer obtained by the present invention is shown in

Fig. 3.

(Comparative Example 6)

The silicon wafer which has been subjected to a
chamfering process as described above was prepared, the
wafer was subjected to lapping by use of #1500 FO abrasive
grains, and then subjected to etching by the etching method
combining alkaline etching with acid etching, in which
surface roughness after etching is very good. After that,

the wafer was subjected to the same process as the
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this case, as to the etching, the alkaline etching of 20 u

m by use of a sodium hydroxide solution having its

concentration of 48% by weight, and the acid etching of 10

ym by use of a mixed acid of hydrofluoric acid, nitric

acid, and acetic acid were performed. As a result, the

flatness of the wafer after polishing was about 1.40 um on

the average of the GBIR value. A bird’s-eye view of the

obtained silicon wafer is shown in Fig. 4.

As described above, according to the present invention,
the lapping is performed by use of abrasive grains of which
maximum grain diameter is 21 um or less and average grain
diameter is 8.5 um or less and the etching is performed by
use of the alkaline solution of high concentration of which
concentration of the alkaline component is 50% by weight or
more, and thereby the silicon wafer could be obtained that
has the surface roughness equal or higher level as compared
to the conventional etching combining alkaline etching with
acid etching which is possible to reduce surface roughness,
and that has very high flatness. Namely, according to the
present invention, a silicon wafer of which surface
roughness is reduced and of which flatness is good can be

produced by a simple method without performing a plurality

of etching processes.

(Example 4 and Comparative Examples 7 and 8)
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&f()-y(!1096L§F52£§ngéﬁﬁale crystal ingot having a diameter of 200
mm and a resistivity of about 10 Q *cm was manufactured by
the Czochralski method, and then a silicon wafer (Example
4) was manufactured under the same processing conditions
(loose abrasive grain of #1500 FO and NaOH concentration of
55.0% by weight) as in the above Example 2. After that, as
to this silicon wafer, three parameters of the rise, the
sag, and the waviness of the wafer, which expressed its
surface shape characteristics, were measured. The
measuring results are shown in Fig. 10. At this point,
specific measuring methods of the rise, the sag, and the
waviness will be explained.

First, in order to measure the rise and the sag of the

silicon wafer having a diameter of 200 mm which was a
measuring object, a wafer thickness of the wafer surface to
be evaluation regions (except for a region within 1 mm from
a peripheral end of the wafer including the chamfered
portion) was measured at 0.95 mm intervals by a capacitance
type flatness measuring apparatus (9900 UltraGage made by
ADE corporation), and each measured wafer thickness was
stored sequentially. From these stored wafer thickness,
thickness displacement from a wafer central position Wc to
a wafer edge position We (a central region of the wafer and
a peripheral portion of the wafer) as shown in Fig. 9 were
read, and then by use of the thickness displacement from

the wafer central position Wc to a borderline X (from the

wafer central position to the position of 70 mm in radius)
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among the read thickness displacement, a reference surface
was calculated by a least squares method. Next, in the
peripheral portion of the wafer, the difference of the
thickness of the shape in the peripheral portion of the
wafer against the reference surface (virtual thickness) was
analyzed to calculate the absolute values of the maximum
and minimum values. And such a calculation of the
absolute values of the maximum and minimum values was
performed 400 times radially from the center of the wafer,
and the measurement was performed so taht an average of the
obtained maximum values served as a rise, and the obtained
minimum values served as a sag.
On the other hand, in order to measure a waviness of
the wafer, by use of an universal surface shape measuring
apparatus (SE-3F type) made by KOSAKA LABORATORY LTD., the
central region of the surface of the silicon wafer (from
the central position of the wafer to the position of 70 mm
in radius) was traced by a stylus to measure only shape
components except fine surface roughness components. In
this case, as shown in Fig. 18, the thickness displacement
in the central position of the wafer to be the starting
point of the measurement was matched with the thickness
displacement in the end point of the measurement, which was
the position of 70 mm in radius from the central position
of the wafer so as to have the same height with each other,

and the matching point served as an origin. And, absolute

values of Y1 to Y34, which were magnitude of thickness
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displacement from the origin, were measured at 2-mm
intervals, and the average value Y thereof was calculated
as the average value of the waviness.

As Comparative Example 7, after a silicon single
crystal ingot was manufactured under the same condition as
in Example 4, lapping was performed by use of loose
abrasive grains of #1200 FO, next, etching was performed
firstly with stock removal of 4 um in total of both sides
of the wafer by use of a sodium hydroxide aqueous solution
having its concentration of 50% by weight, and then
secondly with stock removal of 20 um in total of both
sides of the wafer by use of a mixed acid composed of
hydrofluoric acid of 50% by weight: nitric acid of 70% by
weight: acetic acid of 99% by weight = 1:2:1 (capacity
ratio). The silicon wafer was manufactured under the same
production conditions as in Example 4 except the above
processing conditions. After that, as to this silicon
wafer, three parameters of the rise, the sag, and the
waviness of the wafer, which expressed its surface shape
characteristics, were measured by the above-indicated
method. The measuring results are shown in Fig. 10.

As Comparative Example 8, after a silicon single
crystal ingot was manufactured under the same condition as
in Example 4, lapping was performed by use of loose
abrasive grains of #1200 FO, next, etching was performed
firstly with stock removal of 20 um in total of both sides

of the wafer by use of a sodium hydroxide aqueous solution
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having its concentration of 50% by weight, and then
secondly with stock removal of 10 um in total of both
sides of the wafer by use of a mixed acid composed of
hydrofluoric acid of 50% by weight: nitric acid of 70% by
weight: acetic acid of 99% by weight = 1:2:1 (capacity
ratio). The silicon wafer was manufactured under the same
production conditions as in Example 4 except the above
conditions. After that, as to this silicon wafer, three
parameters of the rise, the sag, and the waviness of the
wafer, which expressed its surface shape characteristics,
were measured by the above-indicated method. The measuring
results are shown in Fig. 10.

As shown in Fig. 10, as to the silicon wafer of the
present invention (Example 4), it was found that both
absolute values of the rise and the sag (left vertical
axis) were the low value of 0.2 um or less, in the
peripheral portion of the wafer except the region within 1
mm from the peripheral end of the wafer, and thus, the
silicon wafer had very flat surface up to a region near the
peripheral end of the wafer. It was also confirmed that
the average value of the waviness (right vertical axis) was
0.025 um, and thus, the wafer had good flatness even in
the central region of the wafer.

On the contrary, it was found that the absolute values
of the sags of the silicon wafers of Comparative Examples 7

and 8 were 0.89 um and 0.44 um, respectively, which

greatly exceeded 0.2 upm, and thus, flatness in a

49



1011 s 11109 ()-s !110%& ()-!kz 109%&' ()-z 10% ()-!p 109& ()- 10%& ()-
11$% @ 10z< 10%& ()-F% 10%& ()-!k! 109 ()-y!10%& ()-y 10 10 10l L<
109& () - % | gH=5 10z 10T<

10967& ()-!11096T& ()-!p! 109& ()-!1!1109T& ()-!109%& ()- 10z 10zgH=5 10z
10T 1" 1 10%g& ()-9! SF 10%: ()- F 100/@1&' ()- kS 109%& ()-S 10%g& ()- 10T

= VR |
10Tl . b SEE{% era()ﬁ& gh%gf@%gég géé)was degraded. Further, it

was also found that both average values of the waviness of
the wafers of Comparative Examples 7 and 8 exceeded 0.04 u
m, and thus, flatness in a central portion of each wafer
was degraded as compared to the silicon wafer of the
present invention. Furthermore, after three kinds of these
wafers were subjected slightly to polishing of which stock
removal was 0.5 pm or less on these etched surfaces, the
sag, rise, and waviness of each wafer were measured again.

The measurement results showed about the same as in Fig. 10.

(Examples 5-13 and Comparative Examples 9 and 10)

Three p-type silicon single crystal ingots having each
diameter of 200 mm, each crystal orientation of <100>, and
each resistivity of about 10 Q@ +*cm, 0.012 Q +*cm, and 0.007

Q *cm were manufactured by the Czochralski method. Next,

from the silicon single crystal ingots having each
resistivity, silicon wafers were manufactured under the
same processing conditions as in the above Examples 1-3,
and nine kinds of silicon wafers were obtained (Examples 5-
13).

After that, each size of etch pits forming square-
shaped openings with four sides along a crystal orientation
<110>, which were formed on the (100) plane serving as
etched surfaces of each silicon wafer was measured, and the
average value was calculated. In this case, the size of

etch pits was measured by holding each silicon wafer so
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| 0%args () Laat SaCh noteh was tocated shore, dnd dbserving s length
of a linear direction of etch pits existing on a straight
line drawn to <110> direction near the wafer center by use
of an optical microscope (with a magnification of 1000).
These measured results of size of the etch pits of each
silicon wafer are shown in Table 2 as follows and Fig. 11.

Also, as Comparative Example 9, a silicon wafer was

manufactured under the same conditions as in the above
Comparative Example 8, and the size of etch pits formed on
its etched surface was measured by the ‘above measuring
method. Further, as Comparative Example 10, a silicon
wafer was manufactured under the same conditions as in the
above Comparative Example 9 except that its resistivity was
about 0.007 Q *cm, and the size of etch pits formed on its
etched surface was measured. These measurement results of
Comparative Examples 9 and 10 are also shown in Table 2 and

Fig. 11.
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(Table 2)
NaOH Pit Size
Samples Resistivity | Concentration
(Q+em) (wi%s) Average Valie | Standard Deviation | Measuring number:n
() (um) (numbers)
Example 5 50 6.7 1.92 20
Example 6 10 55 58 1.94 20
Example 7 58.6 48 1.84 20
Example 8 50 76 263 20
Example 5 | 0012 25 6.0 1.83 20
Example 10 58.6 49 2.00 20
Fxample 11 50 113 587 13
Example 12 | 0007 55 6.7 2.96 20
Example 13 586 6.1 2.32 20
Comparative 10 50 6.5 2.23 15
Example 9
Comparative| (07 50 11 5.8 13
Example 10

As shown in Fig. 11, the silicon wafers of the present
invention can reduce the size of etch pits to the same
level or smaller as compared to the wafers having the same
resistivity (Comparative Examples 9 and 10), which were
subjected to a conventional etching of the combination of
alkaline etching and acid etching.

Also, as compared to Examples 5-7 and 8-10 each other,
it was confirmed that at the higher alkaline concentration
in etching, the size of etch pits becomes smaller, and by
making alkaline concentration higher, average size of etch

pits was able to be reduced to 7 um or less, or further, 6
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pm or less as indicated in Examples 6, 7, 9, and 10. Such
an average size of etch pits of 6 um or less is very small,
which has not been obtained conventionally.

Moreover, there is a tendency that the lower
resistivity silicon wafer has, the size of etch pits
becomes larger. However, according to the present
invention, even in the wafers having low resistivity of
0.01 Q +cm or less in Examples 11-13, the size of etch
pits can be also reduced by making the alkaline
concentration higher. For example, as indicated in
Examples 12 and 13, according to the present invention, the
average size of etch pits can be reduced to 7 um or less.
This average size of the etch pit of 7 um or less is very
small, which has not been obtained by a conventional
silicon wafer having a low resistivity of 0.01 & *cm or
less.

Next, silicon wafers of Example 6 and Comparative
Example 9 were evaluated in terms of a nanotopography.

First, one etched surface of each silicon wafer was
mirror-polished by use of a polishing apparatus shown in
Fig. 6. After that, the mirror-polished surface of each
wafer was measured in terms of each nanotopography in two
kinds of regions of which WINDOW SIZEs were 0.5 X0.5 mm
and 10 X 10 mm by use of CR-835QM made by ADE Corporation.
In this measurement of the nanotopography, one measurement
unit (one pixel) was 0.2 X 0.2 mm. And therefore, in the

case that the WINDOW SIZE was 0.5 X 0.5 mm, nine pixels
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which is three pixels in lengthwise-by-three pixels in
crosswise were measured, and the maximum-minimum value (P-V
value) in the nine pixels was calculated as a center pixel
value. Next, the same calculations were repeated while
moving one pixel at a time. And, after the calculations
were conducted on the whole wafer surface, each center
pixel value was compiled, and then the ratio of areas which
is not less than the P-V value of the horizontal axis was
plotted to make a graph, and the evaluation of the
nanotopography was conducted.
Further, in the case that the WINDOW SIZE was 10 X 10
mm, the measurement was conducted by the same manner as in
the case described above that the WINDOW SIZE is 0.5 X 0.5
mm except that the number of pixels was 2500 pixels of 50
by 50 in one WINDOW and the maximum-minimum value (P-V
value) in the 2500 pixels was calculated as the center
pixel value. The measuring results of the wafers of
Example 6 and Comparative Example 9 in terms of the
nanotopography are shown in Fig. 12 in the case that the
WINDOW SIZE was 0.5 X 0.5 mm, and shown in Fig. 13 in the
case of 10 X 10 mm.
As shown in Figs. 12 and 13, it was indicated that in
the results of both WINDOW SIZEs, the silicon wafer of
Example 6 has smaller P-V values than the silicon wafer of
Comparative Example 9, i.e., it was found that the silicon

wafer of Example 6 obtains good nanotopography.
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200 mm, crystal orientation of <100>, and a resistivity of
about 10  «cm was firstly manufactured by the Czochralski
method, next the obtained silicon single crystal ingot was
subjected to slicing and chamfering processes, and then
lapping (stock removal of 70 um) by use of #1500 FO
abrasive grains and etching (etching removal of 20 um) by
use of sodium hydroxide having the alkaline concentration
of 55.0% by weight were performed in sequence to
manufacture silicon wafers.

On the other hand, as Comparative Example 11, a
plurality of the silicon wafers which were same one as the
above Comparative Example 8 were prepared. Namely, lapping
was performed by use of #1200 FO loose abrasive grains,
next, etching was performed firstly with stock removal of
20 pm in total of both sides of the wafer by use of a
sodium hydroxide aqueous solution having its concentration
of 50% by weight, and then secondly with stock removal of
10 um in total of both sides of the wafer by use of a
mixed acid composed of hydrofluoric acid of 50% by weight:
nitric acid of 70% by weight: acetic acid of 99% by weight
= 1:2:1 (capacity ratio). The silicon wafers were
manufactured under the same conditions as in Example 14

except the above processing conditions.

55



7., <=| obW410 S''10%!: & ()-10M MLOM MLOM M < 109 M&' () - @B&LOYM M&' () -
1109 WE () - 109 M& () -),-./vU410 9s! 109%& () -
s!10% +! & ()-10:1:20:1:10:!: < 10%!:& ()- "110%!: & ()- G!10% & ()-
TvU41l0 "y 10%>Is& ()-'! 10%& ()- 10%>!s& ()-10 +! 10 +! 10 + " I<
10% +! " & ()- s!10% +! " & ()- uvU410 109K%& () -
"&10% & ()-10s>!s10s>I's10s>I's Fs< 10%>!s& ()- 0 10%>!'s& ()- 'y
109 ()-'! 90| pubsagoent @B109KvEL ($ach 6l 0vkeROYYainad JDDAOR () -
y2810%KU& () - L!'109& ()- L!10%<K9%& ()-!XvU410 110% & ()- 910% '& ()- 10%
"& ()- 116869rsgof) E4aR0Ae KU 0K96 YsMUBoaoEy ¢ ) EHBEFGAAM MR MIO%Z-E ()-" g
10%!: & ()--10" "10" "10" ' L< 10% '& ()- sO'!10% '"& ()- . 10%
' & () - vZ: Rolpshedoynder (§he pssangogon@lfyons 1 094x ' afgry orera @icker | -
<10% !: & ()- 10%!:& ()-!*+ dH :A 10% '& ()-{1A 10%, K '& ()-{A
&% rgadomly fré% each of Examplg 14 égd{Comparaglve égaéble
11, and they were measured in terms of the rise and the sag
on mirror-polished surfaces of each wafer. The
measurements of the rise and the sag in each wafer were
conducted in a peripheral portion of the wafer except a
region within 1 mm from a peripheral end of the wafer by
the above-indicated measuring method. The measuring
results of the size of the sag are shown in Fig. 14, and
the measuring results of the size of the rise are shown in
Fig. 15.
As clear from Fig. 14, all mirror-polished silicon
wafers of the present invention have the absolute value of
the sag of 0.5 pm or less, but all wafers of Comparative
Example 11 have the absolute value of the sag more than 0.5
um. Also, as to the rise, all silicon wafers of the
present invention have the absolute value of the rise of
0.07 um or less, which is equal to or smaller than the
value of a conventional wafer. Therefore, it was found
that the mirror-polished silicon wafer of the present
invention is more improved in terms of the flatness in the
peripheral portion of the wafer as compared to the
conventional wafer.

Further, in this case, as to the silicon wafers of

Example 14, the size of the etch pit and the average value
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of the waviness on etched surfaces which were main surfaces
opposite to mirror-polished surfaces were measured. As a
result, it was confirmed that the average size of the etch

pits in each wafer was about 5.8 um same as in Example 6,

and the average value of the waviness was 0.04 um or less.

(Example 15 and Comparative Example 12)

By use of mirror-polished silicon wafers manufactured
under the same conditions as Example 14, bonded SOI wafers
were manufacture by an ion implantation delamination method
(Example 15), and a width U of an unbonded region in the
peripheral portion of each of the SOI wafers, was measured.
Hereafter, the manufacturing method of an SOI wafer will be
explained with reference to Fig. 16.

First, sixty-four mirror-poclished silicon wafers of
the present invention were prepared, thirty-two wafers out
of sixty-four were used as base wafers 21, and the other
thirty-two wafers were used as bond wafers 22. At this
point, the bond wafers 22 were subjected to heat treatment
in an oxidizing atmosphere to form an oxide film 23 of
about 150 nm on whole surface of each wafer, and then,
hydrogen ions were implanted through the oxide film formed
on mirror-polished surface side under the conditions of the
accelerating voltage of 56 keV and the doze amount of 5.5
X 10'%/cm?, to form a hydrogen high concentration layer
(ion implanted layer) 24.

Next, mirror-polished surface of the base wafer 21 was
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close contact with mirror-polished surface of the bond
wafer 22, on which the hydrogen high concentration layer 24
was formed, through the oxide film 23 at room temperature,
then, a heat treatment (delamination heat treatment) was
performed at 500°C for 30 minutes to delaminate it from the
hydrogen high concentration layer, and thus an SOI wafer 26
(Example 15) and a residual wafer 25 were obtained.

As to thirty-two pieces of bonded SOI wafers 26
manufactured as described above, the width U in a radial
direction of an unbonded region, which was unbonded in the
peripheral portions of each SOI wafer, was measured. The
measuring results are shown in Fig. 17 as a histogram
plotting the width U of the unbonded region in each sample
in abscissa and frequency (the number of samples) in
ordinate.

Also, for comparison, by use of mirror-polished
silicon wafers manufactured under the same conditions as in
Comparative Example 11, bonded SOI wafers were manufactured
by an ion implantation delamination method (Comparative
Example 12), and each width U of the unbonded region in the
peripheral portions of each SOI wafer was measured. The
measuring results are also shown in Fig. 17.

As clear from Fig. 17, width U of the unbonded portion
of the bonded SOI wafers of Example 15 is more reduced than
that of the SOI wafers of Comparative Example 12, and it
could become a high quality SOI wafer having an SOI layer

up to a region near the peripheral end of the wafer.
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The present invention is not limited to the
embodiments described above. The above-described
embodiments are mere examples, and those having the
substantially same structure as that described in the
appended claims and providing the similar functions and
advantages are included in the scope of the present
invention.

For example, in Examples and Comparative Examples as
above, when the etching was performed, the temperature of
the etching solution was 80°C. However, in consideration
of stability of the solution or the like (in order not to
generate precipitation of the alkaline component), it is
preferable that the temperature is controlled higher than
80°C. For example, the temperature can be controlled at
85C or 90°C. Further, if the concentration of the etching
solution is more increased, the temperature of the solution
can be further increased to perform the processing. Even
when the temperature is controlled as described above, the
wafer having reduced surface roughness and good flatness
which are equal to or better than those of the wafers of
the above Examples can be easily produced.

Further, in the above Examples, the case that SOI
wafers are manufactured by an ion implantation delamination
method was explained as examples, but the present invention
is not limited thereto. For example, the SOI wafer can be
produced by a bonding method such that silicon wafers of

the present invention are bonded, and then a thickness of
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the bonded wafer is reduced by grinding, etching or the

like. And moreover it goes without saying that the SOI

wafer can be produced by the SIMOX method.

60

> >



10% & ()-{A 10% '& ()-{A 10% '& ()-{A 10% '& ()-{z{xX8,: AN A 10%
& ()-{A 10% '& ()-{A 10% '& ()-{A 10% '& ()-{A 10% '& ()-{ /Kl
SS3,:AA 10% '& ()-{A 10% '& ()-{A 10% '& ()-{A 10% '& ()-{(/K1L A
10% ' & ()-{0S3,:AA 10% '& ()-{A

CLAIMS

1. A method for producing a silicon wafer, wherein the
method comprises at least a lapping process by use of loose
abrasive grains and an etching process by use of an
alkaline etching solution, lapping is performed in the
lapping process by use of abrasive grains having a maximum
grain diameter of 21 um or less and an average grain
diameter of 8.5 um or less serving as the loose abrasive
grains, and after that, etching is performed in the etching
process by use of an alkaline solution having a
concentration of an alkaline component of 50% by weight or

more serving as the alkaline etching solution.

2. The method for producing a silicon wafer according to
claim 1, wherein the alkaline component in the alkaline

solution is sodium hydroxide.

3. The method for producing a silicon wafer according to
claim 1 or 2, wherein the etching is performed while

controlling a temperature of the alkaline solution within a

range of 80-300C.
4. The method for producing a silicon wafer according to

any one of claims 1-3, wherein an alumina based fine

lapping material is used as the loose abrasive grain.
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alumina abrasive grains and zircon abrasive grains.

6. The method for producing a silicon wafer according to
any one of claims 1-5, wherein the concentration of the
alkaline component in the alkaline solution is 70% by

weight or less.

7. A silicon wafer produced by the method according to

any one of claims 1-6.

8. A silicon wafer, wherein both sides of the wafer are
etched surfaces, and in a peripheral portion of the wafer
except a region within 1 mm from a peripheral end of the
wafer on the etched surfaces, an absolute value of a
minimum value (sag) of a thickness difference of a shape in
the peripheral portion of the wafer against a reference
surface obtained from a thickness displacement of the wafer

surface in a central region of the wafer is 0.2 um or less.

9. The silicon wafer according to claim 8, wherein in
the peripheral portion of the wafer except a region within
1 mm from a peripheral end of the wafer on the etched
surfaces, an absolute value of a maximum value (rise) of a

thickness difference of a shape in the peripheral portion
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12. The silicon wafer according to claim 8 or 9, wherein
a conductivity type is p-type, a resistivity is 0.01 Q *cm
or less, a plane orientation is (100), and the etched
surfaces of the silicon wafer have etch pits forming
square-shaped openings with four sides along a crystal

orientation <110>.

13. The silicon wafer according to claim 12, wherein an

average size of the etch pits is 7 um or less.

14. The silicon wafer according to any one of claims 8-13,
wherein on the etched surfaces in a central region of the
wafer, an average value of a variation (waviness) of a
thickness displacement on the wafer surface is 0.04 um or

less.
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15. A silicon wafer, wherein at least one side of the
etched surfaces of the silicon wafer according to any one

of claims 8-14 is mirror-polished.

16. The silicon wafer according to claim 15, wherein in a
peripheral portion of the wafer except a region within 1 mm
from a peripheral end of the wafer on the mirror-polished
surface of the silicon wafer, an absolute value of a
minimum value (sag) of a thickness difference of a shape in
the peripheral portion of the wafer against a reference
surface obtained from a thickness displacement of the wafer

surface in a central region of the wafer is 0.5 um or less.

17. The silicon wafer according to claim 15 or 16,
wherein in a peripheral portion of the wafer except a
region within 1 mm from a peripheral end of the wafer on
the mirror-polished surface, an absolute value of a maximum
value (rise) of a thickness difference of a shape in the
peripheral portion of the wafer against a reference surface
obtained from a thickness displacement of the wafer surface

in a central region of the wafer is 0.07 um or less.

18. An SOI wafer having a structure such that an
insulator film and an SOI layer are laminated in order on
the mirror-polished surface of the silicon wafer according

to any one of claims 15-17.
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19. A silicon wafer, wherein the silicon wafer has an
etched surface on at least one main surface side, an plain
orientation of the silicon wafer is (100), the etched
surface has etch pits forming square-shaped openings with
four sides along a crystal orientation <110>, and an

average size of the etch pits is 6 um or less.

20. A silicon wafer, wherein the silicon wafer has an
etched surface on at least one main surface side, a
conductivity type is p-type, resistivity is 0.01 Q +-cm or
less, a plane orientation of the silicon wafer is (100),
the etched surface has etch pits forming square-shaped
openings with four sides along a crystal orientation <110>,

and an average size of the etch pits is 7 um or less.

21. The silicon wafer according to claim 19 or 20,
wherein on the etched surfaces in a central region of the
wafer, an average value of a variation (waviness) of a
thickness displacement on the wafer surface is 0.04 pm or

less.
22. The silicon wafer according to any one of claims 19-
21, wherein a main surface which is the opposite side of

the etched surface is a mirror-polished surface.

23. An SOI wafer having a structure such that an
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insulator film and an SOI layer are laminated in order on

the mirror-polished surface of the silicon wafer according

to claim 22.
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