1 PROCESS FOR PRODUCI NG SI LI CON WAFER BACKGROUND OF THE | NVENTION Field of
the I nvention [0001] The present invention relates to a process for
producing a silicon wafer, which is capable of highly flattening, wthout
performng a flattening process by nmaghi ne polishing such as grinding,
wrapping, etc. Priority is clainmed on Japanese Patent Application No.

2005- 236255, filed August 17, 2005, the content of which is incorporated
herein by reference. Description of the Related Art [0002] In general, a
production process of a sem conductor silicon wafer consists of chanfering,

machi ne polishing SUPROGESS FOR PREDUGCINGHINICONWAFER nrror finishing
(polishing), and washing of a wafer which is obtained by cutting a pulled

silicon single crystal ingot and slicing, thereby producing a wafer with
high flatness. In the cd&RGBAHINPeOKoBHEANBESTION whi ch etching is
finished is subjected to a mirror finishing process so as to be
mrror-finished, however, the flatness between the top surface and the
bott om sugf &e 3& tIheeC[\#afer after being etched is not controlled when a
flatteni ngleg 85 & RYEHW. grinding, wapping, etc. is finished. Moreover,
desirabl e surface coarseness has not been obtained, and hence it is
necessar yrggpljenove a | arge amount of silicon in thickness during the
mrror-finishing process in order to inprove the wafer flatness and wafer
surface coarsenelis, pickentetiweariphyehgesitd arpgeceRafdr ippodlicing gitioonf i ni shi ng

process. 2
wafer, which is capable of highly flattening, without performing a flattening
process by machine polishing such as grinding, wrapping, etc.
Priority is claimed on Japanese Patent Application No. 2005-236255,
filed August 17, 2005, the content of which is incorporated herein by

reference.

Description of the Related Art
[0002]

In general, a production process of a semiconductor silicon wafer
consists of chamfering, machine polishing such as wrapping and grinding,
etching, mirror finishing (polishing), and washing of a wafer which is
obtained by cutting a pulled silicon single crystal ingot and slicing, thereby
producing a wafer with high flatness.

In the conventional method, a wafer on which etching is finished is
subjected to a mirror finishing process so as to be mirror-finished, however,
the flatness between the top surface and the bottom surface of the wafer after
being etched is not controlled when a flattening process such as grinding,
wrapping, etc. is finished. Moreover, desirable surface coarseness has not
been obtained, and hence it is necessary to remove a large amount of silicon in
thickness during the mirror-finishing process in order to improve the wafer
flatness and wafer surface coarseness, thereby applying a large load to the

mirror-finishing process.



(0003] Then, as a process for producing a silicon wafer which is capabl e of
renmoving efficiently the process-strained | ayer generated by the machine
polishing, while securing the flatness, a process is disclosed in for

exanpl e Japanese Unexam ned Patent Application, First Publication

No. H11- 135464(claim 1, Fig. 1), as shown in FIG 16, the process conprising
step | of slicing a silicon single crystal, step 2 of chanfering the end
surface of the sliced wafer, step 3 of flattening by planar grinding or
wapping at least a top surface of a wafer which is obtained by slicing a
senm condu¢o@®@e3] ngot, step 4 of etching by spin-etching the top surface of
the wafer which is flattened, and step 5 of grinding the top surface of the
etched wafer to Themnas a progess foupfabwing acdlitorHwaderwhicthis eapahbaofli scl osed
i n Japanese Unexam ned Patent Application, First Pué)l i cati on No. H11- 135464
gener at es TgPPRISeLiicpa ¥ 1Be progfissttemped layss epgratad &7-1hemrsdnepon bei ng

Cho e P aBmSI A5hA S0 e M HOBSES, PO BReBLOESH Yy Bl o5 ©"
| arge ano ird, | - j ' t ] r-finishin roce in
or dgr to ?gér%l%fese?‘E%é%?lﬂr%?n%ﬁéﬁgﬁéﬂg%%%gqr%ﬁ\}&r@s%f&% helrelbfl Ial gopappl ;?nlg

a large | opdHtQ-13816%(EXa@hr [, FigSNhNgs SHASL S FIGNSS the prodesstodtriihg of the
present invention to provide a process for producing a silicon wafer which
i s capabl stegf | pérslicinmg agilacdn ginglevetstaf stedfpl 20f ehamdering ttheoend garface m ng any
flatteni ng process using machine polishing_ such as grinding_and w apping,
whi ch has obdhe slined syaders stine3 fod flattaning Sy androgrind g WEaRRing gt frastess,

and of i n%rtggssiurll R'ota’ %\;[aif(\a/lj %ichsg%@{leg:by-rsﬂ%ilngvg 's\grlnlccjz}l)nd QPOQ‘SIngt,
step 4 of etching by spin-etching the top surface of the wafer which is
flattened, and step 5 of grinding the top surface of the etched wafer to form a
mirror-surface.
[0004]

However, the method disclosed in Japanese Unexamined Patent
Application, First Publication No.H11-135464 generates grinding-scratches
which are caused by wafer-holding upon being ground by machine polishing
during the flattening process, and waviness on the surface of the wafer, and as
a result, it is necessary to remove a large amount of silicon in thickness during
the mirror-finishing process in order to remove the grinding-scratches and
waviness, thereby also applying a large load to the mirror-finishing process.

Thus, it is an object of the present invention to provide a process for
producing a silicon wafer which is capable of performing a high level of
flattening, without performing any flattening process using machine polishing
such as grinding and wrapping, which has been indispensable for the

conventional manufacturing process, and of increasing productivity.

SUMMARY OF THE INVENTION

[0005]



The inventors of the present invention have found that it is possible to
attain the flatness which is equivalent to or greater than that of the
conventional production process and to increase productivity by performng a
singl e-wafer etching step and grinding process of a sliced wafer in this
order under specific conditions, while omtting the flattening process
usi ng machi ne polishing such as grinding etc., which has been indi spensabl e
for the conventional production process of a wafer. A first aspect of the
present invention is, as shown in FIG 1, a process for producing a silicon
waf er conpri si ngThe $hvigitersaf the Biecbntnigvehdpn have feuhdthatng iaposdible ng by
suppl ying an etching solution through a supplying-nozzle to a surface of a
si ngl e ando attaim thalflstdss wfieh ipbguivadentity orsgricaiemghan thdtiafathesi ngl e crystal
ingot and rotating said wafer to spread said etching solution over al
surface ofOBYsRtiIOR3IRrodyston PEPESaIaNg Wy idgrense Productivity RY RAFEOTEIPEHce of
sai d wafer Hn thﬁs ?rder,tmhergin. ai d etching sqlution usqg.inéfaid

si ngl e- wafUIEETEHih SILNDR SeP AR SLnERRR PIoGess S8 1At WiATeR A bt s

hydr ogen L cenl L1 ia6: ac : i 4.d t hat
t he cont e&‘ltn Hg];b .1?% (f)c{#d\?\t/éla%lhﬁv la/l?gtg n{gﬂ%%ﬂgg?@n fﬂrpfg%r?{:mgglﬁ %&Hﬁai tric

acid : pheophbiigLs@sh & pfinQirfy é@.,40Mch Bast e dpOidisfenkabléQ%r thespectivel y. In
accordance with the first aspect of the present invention, it is possible

t o attai nchngéntibmilt podogtion iproveterf afWdfaf not nmore than 1 (err)m by
perform ng the si nﬁ} e-wafer etching step and the grinding_step under the
above conditi onsA fistiespectyd themiesrntdayention i @sfiopmoeElGdsiang nmachi nery

POl oL 10 L35 kA s PR ot T et opsgbl © 1o
presert | BTREEAGER h BEARGEE Lo IR i SRk 26 5ot orch
et chi ng stappiying-flzele &f a eLiefto0f ahenBRE 4 $hinf @eealOWatdi@btained by
slicing a silicon single crystal ingot and rotating said wafer to spread said
etching solution over all surface of said wafer; and a grinding step 14 of
grinding the surface of said wafer, in this order, wherein said etching solution
used in said single-wafer etching step is an aqueous acid solution which
contains hydrogen fluoride, nitric acid, and phosphoric acid in an amount such
that the content of which by weight % at a mixing rate of fluoric acid : nitric
acid : phosphoric acid is 0.5 to 40% : 5 to 50% : 5 to 70%, respectively.
In accordance with the first aspect of the present invention, it is
possible to attain high flattening with wafer TTV of not more than 1 pm by
performing the single-wafer etching step and the grinding step under the
above conditions, without performing any flattening process using machinery
polishing such as grinding and wrapping, which has been indispensable for the
conventional manufacturing process.
[0006]
A second aspect of the present invention is a process for producing a
silicon wafer as set forth in the first aspect of the present invention, in which

the single-wafer etching step is a step of etching the bottom surface of the

wafer after etching the top surface of the wafer.



waf er after etching the top surface of the wafer. 4 A third aspect of the
present invention is a process for producing a silicon wafer as set forth in
the first aspect of the present invention, in which the resultant silicon
waf er has a difference between the maxi4rum val ue and the m ni nrum val ue of

t hi ckness of not nore than 1gm A fourth aspect of the present invention is
a process for producing a silicon wafer as set forth in the first aspect of
the present invention, further conprising a chanfering step of chanfering
the end surface of the silicon wafer between the single-wafer etching step
and t he gri ndi ngAsthénd. aspRCERf DESORISP DIV cOEH oTiHE aDRAMENCDT fro0daTingRA G | is a
figure show ng the process for producing the silicon wafer, in this

enbodi nensiligangwager as setifogily e s diishgsped pidhe prosendapysiipmipavhichs. FI G

3 is a perspective. vi.ew show t he. chanf er i step. FIG 4 is a fi,gure
Showi ng. a HofEeLaBt Guteon waterisct difeensr sk edy e megnum wlug and”3' 1 gur e
show ng t f I licing step of Exanple 1.
FIG 6 isqge |g§§‘éﬁs¥.%19msr%ﬁ§‘ﬁ{ekn§ﬁgtﬁgﬁ§¥ ﬂﬁ{g t\l/\lléllgg#mgurface after the

si ngl e-waf er et chifd@rt &fpeet oEXR PleBedt ifedtion isS prock®/fR Slodutig 4 he shape
of the wafer surface after the double-sided sinultaneous polishing step of
Exanpl e 1silkddd waférsassdtifgutheinsthewlirsg aspectsifape pyésdrténveaditeon, Sfurthaee aft er
the slicing step of Conparative Exanple 1. FIG 9 is a figure show ng the
shape of th&WPKESiBg asqlwm%@r@%tep OthéaﬂiﬁDSGg§bé|9ndeU(fﬁt¢p&rfégp\ﬁél%rrpl e 1.

wafer between the single-wafer etching step and the grinding step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a figure showing the process for producing the silicon wafer
in this embodiment.

FIG. 2 is a figure showing a successive etching apparatus.

FIG. 3 is a perspective view showing the chamfering step.

FIG. 4 is a figure showing a double-sided simultaneous polishing
apparatus.

FIG. 5 is a figure showing the shape of the wafer surface after the
slicing step of Example 1.

FIG. 6 is a figure showing the shape of the wafer surface after the
single-wafer etching step of Example 1.

FIG. 7 is a figure showing the shape of the wafer surface after the
double-sided simultaneous polishing step of Example 1.

FIG. 8 is a figure showing the shape of the wafer surface after the
slicing step of Comparative Example 1.

FIG. 9 is a figure showing the shape of the wafer surface after the
DDSG step of Comparative Example 1.

FIG. 10 is a figure showing the shape of the wafer surface after the



FIG 10 is a figure show ng the shape of the wafer surface after the 5 SDSG
step of Conparative Exanple 1. FIG 11 is a figure show ng the shape of the
waf er surface after the double-sided sinmultaneous polishing step of
Conparative Exanple 1. FIG 12 is a figure showi ng the shape of the wafer
surface after the slicing step of Conparative Exanple 2. FIG 13 is a
figure show ng the shape of the wafer surface after the DDSG step of
Conparative Exanple 2. FIG 14 is a figure showi ng the shape of the wafer
surface after the single-wafer etching step of Conparative Exanple 2. FIG
15 is a fBHHe@ stapood Hgmpteeatinapaaniple ie waf er surface after the

doubl e- si ded si nmul t aneous polishing step of Corrparat ve Exanmp . FIG 16
is afigure shodily & tsoﬁ‘nfp e shawing tecthapepf ‘ﬁﬁdﬂ%ﬁ?i’ﬁﬁf%"eéﬂle%hﬁ waf er .

SFI’QLLEEQEE%E'-%#B@“ il PEin créol Remrsedn BRBBE 1on. “based on
the drawings. FigR. 1Rl elife SRBWRIMIRhpA% Mkl PRF AdrQte ArgEoup ST con

single crystal ingot are e shape, t he outer

peri pher yspf;mtgh@epmﬂdrhp@gaulv@gmam%egzound in order to uniformalize the
di aneter of the ingot to obtain a block body. In order to direct a specific

crystal orientatfléh, 13ais ofigant ahowing thet shape afitherwafer suifane aétecithe s f or med
on this block body. As shown in Fig. 1, after this process, the resultant
bl ock bodPD%GsﬂtmeﬂC&tmharaﬂéeeﬁw Red angl e to the |longitudinal direction

of the block bc)dlyld.nl A4 lfilgq.]lgé Isﬁowmg ke shapee(Pf t}le wafeL %(l)nof%.]ce after the

single-wafer etching step of Comparative Example 2.

FIG. 15 is a figure showing the shape of the wafer surface after the
double-sided simultaneous polishing step of Comparative Example 2.

FIG. 16 is a figure showing a conventional process for producing a

silicon wafer.
DETAILED DESCRIPTION OF THE INVENTION

[0008]

Next, an explanation will be given about an embodiment for
conducting the present invention, based on the drawings.

First, both the top end and the bottom end of a grown silicon single
crystal ingot are cut into a block-like shape, and the outer periphery of the
resultant ingot is ground in order to uniformalize the diameter of the ingot to
obtain a block body.

In order to direct a specific crystal orientation, an orientation flat or
an orientation notch is formed on this block body. As shown in Fig. 1, after
this process, the resultant block body is sliced at a predetermined angle to the
longitudinal direction of the block body in a cylindrical shape (step 11).
[0009]

In the conventional wafer production process, subsequently, the

unevenness on both surfaces of the thin-discal silicon wafer generated during



In the conventional wafer production process, subsequently, the unevenness
on both surfaces of the thin-discal silicon wafer generated during 6
processi ng such as slicing was renoved by nachi ne polishing such as grinding
or wapping etc. to increase both the fg atness and the parallelism between
the top surface and the bottom surface of the wafer, however, in the
production process in accordance with the present invention, wthout
performng a flattening process by such a machinery polishing, an etching
solution is supplied to the surface of a single silicon wafer through a
supp! yi ngpnozzskimg subdas $lécing fveas tem oyrdnbatnazhpreeplai dring sach metgaindigg r at e,
t hereby extending the supplied etching solution over the whole surface of
t he waf er OANFapPEH - théncrgasepothsthepflatness ppd sharparallgdiser betvasinrigest ep 12
of the present Jnven unevennhess _.on bo urfaces, of the . thin-discal
i i

o111 con’ wiTRPUEaRE AR GBe BOHOR SUTIRGE G0 8 Ll ROREVET. i i TOUPFETE ened by
et chi ng, GDerely, i GEEASAg, BRtHe bDEent bALASRD, thd G ARTALLE!] S bet veen

the top s ace an ottom surftace o feover, the

processi ngl_‘a@l‘:éfn%érﬁi‘éééﬂsl Y&ichl D hiaREUERY P isBing] hét@:hﬂ% fIeEeagssuch as a
bl ock cutting, an outer dianeter grinding, and'a slicing step 11 is renoved

conpl et el yupplied oy ehie stitfecé efbwinglei iHcamavafeethraugh acaippdgihgemesde, of a
wafer are controlled by using an acid etching solution as an etching
sol uti on @sddhé orafehis spumhiea pasdateamuisidngtatind 18, thereby sxtsindipg theaf er

etching step,..a, single-wafer etching aratus 2 as sho i n Fl 21s
| oaded i SRPBIiEd erching ag '&}owvefr%wggﬁ ™ %aqrgﬁheﬂaﬁseg ang stebiggithe v hel d
so that t [ su e W e I r chuck 23
S0 that ARl Sty b1V 65 LhechS e YPRPS 2 BHEREF I Ry L ChUck 23
hor'Zontak&EVéﬂhé&QﬂﬂH&ﬂlﬁﬁh&kaﬂﬁh&qﬁﬁLHk%grﬁ%%éh%ﬁ%%g%%ﬁ@ﬂﬁ&@dﬁﬁ rd of

the wafer 21, as shown by the solid Iline arrowin , and supplying an
et chi ng sekeddseing2éudhoad kicimgpie rflstyrfedciley etching, thereby increasing both the

flatness and the parallelism between the top surface and the bottom surface of

the wafer. = Moreover, the processing-deformation layer introduced by a

machining process such as a block cutting, an outer diameter grinding, and a

slicing step 11 is removed completely. Moreover, the texture size and the

surface coarseness of a wafer are controlled by using an acid etching solution

as an etching solution used for the single-wafer etching.

[0010]

In this single-wafer etching step, a single-wafer etching apparatus 20
as shown in FIG. 2 is loaded with a silicon wafer 21. That is, the wafer 21 is
horizontally held so that the wafer 21 surface will be the upper surface by a
wafer chuck 23 of the vacuum suction type disposed in a cup 22.
Subsequently, while moving horizontally an etching-solution-
supplying-nozzle 24 disposed upward of the wafer 21, as shown by the solid
line arrow in FIG. 2, and supplying an etching solution 26 to the upper surface
of the wafer 21 from the etching-solution-supplying- nozzle 24, and by
spinning the wafer 21 using the wafer chuck 23, the wafer surface is etched,

thereby removing the processing-deformation layer on the surface of the wafer.

The horizontal displacement of the supply nozzle 24 is performed at a rate



of the wafer 21 fromthe etching- solution- supplying- nozzle 24, and by
spinning the wafer 21 using the wafer chuck 23, the wafer surface is etched,
t her eby renoving the processing-deformation |ayer on the surface of the
wafer. The horizontal displacenment of The supply nozzle 24 is performed at
arate 7 ranging from0.1 to 20 mml second, fromthe wafer center in the
radial direction of the wafer, rocking along with the circle drawn by the
hori zontal displacenent of the nozzle 24 while using the supply nozzle 24
end as a fulcrum or by reciprocating the nozzle 24 fromthe wafer center
to the radergingdiremcl.ildn ¥ mmseqend frompyhesyafer sgntssiinthemadiel supplied to
t he upper surf.ace f the wafer 21 noves adual ly, on the surface of a wafer
fromthe Wéilonc nt?' rw?%rar ng along withethe fyralp drawn by tﬂ’ﬁé‘éﬂr”fod‘tt%le of

waf er rotatd ' t chi 4 Mo | t her eby
form ng a%t(ligrpgg ee%%gfatnh% ﬁ%@%%%mlgé |9§ ﬁ%f%%%%?%é??#@?&r E@%ggeaof t he

wafer. [O@ifkiudh@r ycﬂé!cﬂﬁ'o%ﬁiﬂéitﬁ’é‘ngﬁzl'ésﬁﬂlfﬂom tRewaraad et defotihe&a@iiing step

of the present invention is an agueous solution which contains fluoric

aci d, nit diectiaaiaf, thandafeos dherdtchiagi shlutibn @6varpplicdeorthe ivppeperfans age of
each of fluoric acid, nitric acid, and phosphoric acid contained in an
aqueous s®fdhe svafer 21 meeyes gradyalyom theagurfaagorf @ wadenfromther wafesci d -

phosphoric acid is 0.5 t0.40% : 5.to 50%.: to 70% by weight % |
onpoundi REH1Er 198 WATSTHRETHBENS b3riheideq U BiSd ADHgeo ! PAEOLEERL Y | ne
etching s 1 5. : . sion of
the et oni e tnd BroGaSaRacettaln AR wSRTy AMMAGS SUpLAR 4T

pr ef er abl @jf%sin q&@ﬁﬁh&ﬁeyaﬁniétef@@@éoﬁme Wageparal | el i sm between the top
surface and the Dottom surface of the wafer. If the viscosity is | ess than
the | ower [0ODIYt, then the viscosity of the solution is too |ow and the

etching solution applied onto the surface of the wafer will flow away
i mmedi ately fronTheetching sebutin 26 aisedfie the singhetwafer eiehing step of the

present invention is an aqueous solution which contains fluoric acid, nitric
acid, and phosphoric acid. Moreover, the mixing percentage of each of
fluoric acid, nitric acid, and phosphoric acid contained in an aqueous solution
is restricted such that fluoric acid : nitric acid : phosphoric acid is 0.5 to

40% : 5to 50% : 5 to 70% by weight %. By compounding it as in the above
mixing percentage, the viscosity of the etching solution 26 becomes 2 to 40
mPa-sec, and the surface tension of the etching solution 26 becomes 50 to 70
dyne/cm, and hence it is preferable for increasing the flatness and the
parallelism between the top surface and the bottom surface of the wafer.

If the viscosity is Iess than the lower limit, then the viscosity of the
solution is too low and the etching solution applied onto the surface of the
wafer will flow away immediately from the surface of the wafer, such that the
etching solution cannot come into contact with the surface of the wafer
uniformly and sufficiently, and as a result it takes a long time for etching
sufficiently, thereby deteriorating the productivity. On the other hand, if the
viscosity is more than the upper limit, then the etching solution applied onto
the surface of the wafer will stay on the surface of the wafer for a longer time

than necessary, and hence it becomes impossible to control the shape in the



etching solution cannot cone into contact with the surface of the wafer
uniformy and sufficiently, and as a result it takes a long tinme for etching
sufficiently, thereby deteriorating the productivity. On the other hand, if
the viscosity is nore than the upper 18 mt, then the etching solution
applied onto the surface of the wafer will stay on the surface of the wafer
for a longer tinme than necessary, and hence it becones inpossible to
control the shape in the 8 surface and the shape of perineter of the wafer,
thereby deteriorating the flatness of the wafer. If the surface tension is
| ess t hansutfece andrthe shape of perimeteobthehivalers therebydetgspitativgdsheo t he

e surface of the

wat or s udlRtRG o 186 R it tha Biess 1SBSAON Iebnihanihg |oBHt Rl t he
surface of,.th fer,unifor nd uffkcie , d.a result it takes a
| ong ti rreftlf% E’@t‘m@%g?\ld&sou {?I?p |é/edn ]|1t;9, th%tsﬁlé#aecﬁyoqlatge‘?%%? éqlﬁngowhaew%’f oductivity.
On the ot hamdBidiy ffork IRe SUFHhAC BT thE RN shéh'@Pz{techE%ih SoWpRes |1 mt,

then the etching solution applied onto the surface of t wafer will stay
on the suchaset edmé etovedmact @ithathk anglicetdflthe wafenunfoemdpand and hence it
becones inpossible to control the shape in the surface and the shape of
peri met er sufficikptlyated as aheselyit thkesra lomgt img fohetclfihgtsnécienflyt he waf er.

The m xi ng percentage of fluoric acid, nitric acid, phosphoric_acid

cont ai ned%i“?{e K detqripratigesiherrrguciivityy e@’rﬁ’(ﬂ?/t%sr hand.gdsthe sprfage 4006 - 20 to

o ’ A r &bl ) 0% "2 |
Che ui aoolftSnds FRTPEEN MR Yepdh B Rl dohingoibloR AP EH ML O°
surface teRsaed olthd Raret GiH1N%ays 8hYhe QBriAEE fsam‘e It OFRG, H¥RE ¢ifhe The

suppl i ed anount of the etching 'solution 26 fromthe etching-solution-
suppl yi ng thaz Akcesddryp aaticiake)it basgass ihmpossibleoto3ébdtidlethershape ih thé he case

in which a silicon wafer is (p300nm the supplied anount of the acid
et chi ng sehtfareandahesbapes abipgrimatges! theownter, thegeby idetarionating thher eas in
flatness of the wafer.
The mixing percentage of fluoric acid, nitric acid, phosphoric acid
contained in the etching solution is preferably 5 to 20% : 20 to 40% : 20 to
40% : 20 to 40%, respectively. By compounding it as this mixed percentage,
the viscosity of the etching solution becomes 10 to 25 mPa'sec., and the
surface tension of the etching solution becomes 55 to 60 dyne/cm. The
supplied amount of the etching solution 26 from the
etching-solution-supplying nozzle 24 preferably ranges from 2 to 30 liter/min.
In the case in which a silicon wafer is ¢300mm, the supplied amount of the
acid etching solution 26 preferably ranges from 5 to 30 liter/min., whereas in
the case in which a silicon wafer is 200mm, the supplied amount of the acid
etching solution 26 preferably ranges from 3 to 20 liter/min.
[0012]
The rotating speed of the wafer 21 in the single-wafer etching step 12
of the present invention is restricted to range from 100 to 2000 r.p.m. It
should be noted that the optimal rotating speed varies a little, depending on

the diameter of the wafer 21, the viscosity of the etching solution 26, the

position of supplying the etching solution 26 due to the horizontal



the case in which a silicon wafer is (p200mm the supplied anmount of the
acid etching solution 26 preferably ranges from3 to 20 liter/mn. [00121
The rotating speed of the wafer 21 in the single-wafer etching step 12 of
the present invention is restricted to%ange from 100 to 2000 r.p.m It
shoul d be noted that the optimal rotating speed varies a little, depending
on the dianeter of the wafer 21, the viscosity of the etching solution 26,
the position of supplying the etching solution 26 due to the horizontal 9
di spl acenent of the supplying nozzle 24, and the supplied anmount of the

et chi ng sélapaeamed of ﬁletmpgﬂﬂﬁtnml%géeﬂld the suppliadhamonnt obther | init,

h ' b | | bl | the, ' h f d . th
Shape of SHUFRSPLIIGH 28 ne (HTFOIHRBFBEH Holkal FEPhITHd IIGtARSY of the
Tt cngstoRe® BennRlF o fondkdfuisnbh 18 AP 5ihak® ol SHBPe bR LEFer

limt, ng Sso on app e sur e wafer wll

flow away pelipAErei 8t ele/ wht@Mhdieb§ WetdsGrapingtihe fRh8Ss oSHEwWhitat e etching
solution “cannot cone into contact with thé surface of the wafer uniformy

and suff itlgd ethdrihandnéf dr wtitesgkbpedd istimbes titan tiedupperirhlal tigincihieng
sufficiently, thereby deteriorating the productivity. In the case in which
a siliconetdiing sphticigappingd ohto thet surfany efpdedvafeefvelbflby awages from 200 to
1500 r.p.m, nore, preferably 600 r.p.m, and in the case in_which a silicon
waf er is (pmegeately,from thesnifgce pEeer paksre suph thatdhgedchingfobeidon o 2000
r.p.m, more preferably 800 . r.p. 0013] reover. in this single-wafer
ci ohi g sEapdbonRF dntesmnet i B e peE ot e SREF bRk nd ne bot tom
surface obupliefullsafd G0adc3HRGPRUNS bneile 82 fcHiff Yhibficliplsy, surfaces of
the wafer wll be etched equivalently, thereby increasing the parallelism
bet ween bdlidrebydetarésratitipt the prbabittiddity.he s wid e in which a silicon wafer is

®300mm, the rotating speed preferably ranges from 200 to 1500 r.p.m., more

preferably 600 r.p.m., and in the case in which a silicon wafer is ¢ 200, the

rotating speed preferably ranges from 300 to 2000 r.p.m., more preferably 800

r.p.m,

[0013]

Moreover, in this single-wafer etching step 12, after etching the top

surface of the wafer, the bottom surface of wafer is etched successively, and

as a result, both surfaces of the wafer will be etched equivalently, thereby

increasing the parallelism between both surfaces. After etching the surface

of the wafer 21, the etching solution 26 which remains on the wafer 21 surface

is washed by spinning the wafer 21, while supplying rinsing liquid such as

pure water to the upper surface of the wafer 21 by a rinsing-liquid-supplying

nozzle which is not illustrated. After the washing, the wafer 21 is dried by

spinning the wafer 21, while supplying inert gas such as nitrogen gas thereto,

in the state of stopping the supply of the rinsing liquid. Subsequently, the

wafer 21 is turned upside down and held by the wafer chuck 23 so that the

bottom surface of the wafer 21 comes to the upper side, and then the etching

step, rinsing liquid washing step, and drying step are performed similarly.

[0014]



of the wafer 21, the etching solution 26 which remains on the wafer 21
surface is washed by spinning the wafer 21, while supplying rinsing liquid
such as pure water to the upper surface of the wafer 21 by a

rinsing-liquid- supplying nozzle whichois not illustrated. After the
washing, the wafer 21 is dried by spinning the wafer 21, while supplying
I nert gas such as nitrogen gas thereto, in the state of stopping the supply

of the rinsing liquid. Subsequently, the wafer 21 is turned upside down and
hel d by the wafer chuck 23 so that the bottom surface of the wafer 21 conmes
to the upper sidds fanthe fagunheereeved hg etchipg, lnrtthﬂlnglel-quﬁrdetﬁhls’Igl ng step,

and drying ste re etff d Si m{xg 0014 for th? anount

removed byt %‘ieég % ‘Eﬁ Ffab %lr?f@ﬁeé 1R {7CHt F‘Eﬁ?@gs}nf?rmﬂ) SPEferabI y
f f bl

anges f ?%ﬁ%a‘h?&? Beg OO R EE ot 160 28 ﬁgﬁaae%é%?nm B BB ot ¢ e

wafer. By o$@bih BT tﬁ@ﬂ#ﬂferr eﬂ?ﬁﬁ%ﬁg tBe %Hid?ﬁht 'ré‘xh%ve& e ABRMS inepge, it is
possible to increase the flatnessS and the parallelism bétween both surfaces

of the watles abovk tangegduizepossitile kalihyrelabe tieo sllatieds anbdahe pabsiéclimnt pol i shi ng
step, conpared to the conventional wafer production Er ocess. If the anount
renoved bypetwedti bath surfaess afithe wiksr laoddp riedute reminkably the eostdor possi bl e to

obtain the fl atness nd the parallelism between hoth rfaces of wafer
which is Fééiﬁ%at PRlighinectigR compgredHe ‘%éfcéhnvﬁﬁ‘iﬂ‘f’%lewag’ééﬁgéﬁ@é%nw Il not

be ST {1 R * TPHEEHnoRe rHRBRG) hSALad SRS G Re Ler R SRgO, St eP

Is |ar ge, er eas e am)un reno S nore ﬁg upper

limt, thepistha fdsdiviess o%ftamﬁewtﬁésﬂﬁd t&eﬁﬁraugr@ﬁ]ebetw%hth decr easi ng
pr oduct ivity in wafer productions. By perforning the single-wafer etching

step 12 umddacédef aadsrewhictdist fequiredtines padduct sand deewafoausfaeess and the
texture size can be controlled, and hence it is possible to attain both
mRi Nt ai ni 8EaBENesFewikMot be wuffietantyne dused antlibenamthsflondfapplied to the

polishing step is large, whereas if the amount removed by etching is more than
the upper limit, then the flatness of the wafer will deteriorate, thereby
decreasing productivity in wafer productions. By performing the
single-wafer etching step 12 under the above conditions, the wafer surface
coarseness and the texture size can be controlled, and hence it is possible to
attain both maintaining of the wafer flatness and the reduction of wafer
surface coarseness, while reducing the amount removed by polishing of both
surfaces of the wafer during the subsequent polishing step 14.

[0015]

Next, returning to FIG.1, the wafer after being subjected to the
single-wafer etching step 12 will be subjected to a chamfering step on the end
surface of the wafer in order to prevent nicking and chipping at the
circumference of the wafer (step 13). By performing this chamfering, it is
possible to suppress the crown phenomenon an abnormal growth occurs on an
end surface to swell like a ring when performing an epitaxial growth on the
surface of a wafer which is not chamfered. Usually, the chamfering
processing of a wafer is performed before the flattening of wafer so that

neither a cutout nor a chip may occur in a wafer perimeter during the wafer



surface coarseness, while reducing the anount renoved by polishing of both
surfaces of the wafer during the subsequent polishing step 14. [0015] Next,
returning to FIG 1, the wafer after being subjected to the single-wafer
etching step 12 will be subjected to althanfering step on the end surface
of the wafer in order to prevent nicking and chipping at the circunference
of the wafer (step 13). By performng this chanfering, it is possible to
suppress the crown phenonenon an abnornmal growth occurs on an end surface
to swell like a ring when performng an epitaxial growth on the surface of
a waf er whlattening prtceghantlepeavrapping and sutface grintleng, hpwgyeocimsthieng of a
waf er i s perforoed befor &E& flattening of wafer so that  neither a cutout
nor a chi Brffﬁ&pt SRRty the @P%P’f%éﬁgﬂs QONTRG, 1MbheBGetheioham fezinge ng

Phvent: onPrqssa® ch MEADRoARC BLEL ERGANAGINg Sin DT RURE c{gb diaefisr i ng.
process. o# phfi ARk, 9 FPPoRRDR & A ATURE chbiudtig! dr el ) ohi ng process.

In particul It I's possible to chanfer the end surface of "a wafer by

per f or m ngetfoemehg thceharg fexigp s@bt Atertthe sshgigl waffcdthiaghepowbilep, while
repairing the irregul ar shape of the wafer that occurred during the

si ngl e- watepaidnghthagrregujnrahdpeiof thetwafef thatiosgutried dtring thei ng shape of the
waf er due to_etching processing, Specifically, as shown in FIG 3, the wafer
central p&ngls-wvafgs stohdag Wpaa%wﬁm% Hgéqrming thg chamfgriggsbape pfithe he| ¢

hor i Ll .. Th hant.er i [ . d.b ' | ndi
wneel 52 WRERYE SRR S il SRR e b S F I et e 1
bei ng spugefifal tﬁ?}(aéﬁéﬂ%d%j ¥ vRGu A dhutl $1 dn¥l therWwhdr 23 i91POdy toget her

wi th the vacuum chuck 31. Moreover, this chanifering process nmaybe
per f or med hbyizeanlBet | Tige @hamiférdhg gtdpaipepamdrmédby Woherct@igth gtihlage at an

arbitrary contact angle.
wheel 32 which is spinning with an end surface 21a of the wafer 21 which is
being spun by the rotating driving part which is formed as one body together
with the vacuum chuck 31. Moreover, this chamfering process may be
performed by contacting a grinding tape with the wafer end surface at an
arbitrary contact angle.
[0016]

Next, returning to FIG. 1, grinding is performed on the surface of the
silicon wafer (step 14). An explanation will be given as to a double-sided
simultaneous grinding which grinds both surfaces of the wafer simultaneously.
The double-sided simultaneous grinding is performed by a double-sided
simultaneous polishing apparatus 40 as shown in FIG. 4. As shown in Fig. 4,
first, a carrier plate 41 is engaged with each of a sun gear 47 and an internal
gear 48 of the double-sided simultaneously polishing apparatus 40, and the
silicon wafer 21 is set in the holder of the carrier plate 41. Thereafter, the
silicon wafer 21 is held between an upper platen 42 which has a first abrasive
cloth 42a adhered onto the grinding surface side thereof, and a lower platen 43
which has a second abrasive cloth 43a adhered onto the grinding surface side

thereof. Both surfaces of the silicon wafer 21 are simultaneously ground to

be mirror-finished, by making the carrier plate 41 move in a planetary motion



[0016] Next, returning to FIG 1, grinding is perfornmed on the surface of
the silicon wafer (step 14). An explanation will be given as to a

doubl e-si ded sinultaneous grinding which grinds both surfaces of the wafer
si mul taneously. The doubl e-si ded si mulleaneous grinding is perforned by a
doubl e-si ded sinultaneous polishing apparatus 40 as shown in FIG 4. As
showmn in Fig. 4, first, a carrier plate 41 is engaged with each of a sun
gear 47 and an internal gear 48 of the doubl e-sided simultaneously
pol i shing apparatus 40, and the  silicon wafer 21 is set in the hol der of
the carri 8818 dreesumgearfbf and thy interpal gspr A8 andyimadtapeopglydetatingthgeen an

| at 42 whi h first ab ' | oth 4 dh ..onto th
o1 ndi ng_ SEPPARIAER A PR oW PR ey 40 BPRL SR o secona
br asi ; ¢ hadi @ S| f 1 Both
Cur faces orPPRARERAPRETSCH: S 0 R W) SRS R Ph IRarel 8% f8eh, 7o

finished, thy sﬁﬁ%ﬂ@hﬂeh@t&ﬁﬁ%is&{p P2 #entibhe@iRVehaR HleANRIrfSmdPhaOthel 2
using the sun gear 47 and the internal gear 48 and sinultaneously rotating

t he uppeflathedseappidxanateiheqhicatamt pb ab&rofABwiafiert When ehaflattenitig step iion,
whil e supplying abrasives 46 froma nozzle 44. Since the silicon wafer on
whi ch  t héosigied-ansk desimableiwafes swiago coargenassethissiovndlhraiedeen perf or ned

h th flat i mat el i val ent to,that of wh th
i at t oni ngeeBaneeig anbsBisdnd Yl pipid darmmngtparied bk eness, thi s
doubl e- si ‘?ﬁiines%'e[ﬂ& fe%&%ﬂ‘dgl&'f &Qfe&%pkﬁ% %t()gpseill?SSCEiH R AbH t(p%&hcq}a&nnéfnance
of waf er Biness and reduct! on of Warer surtace coarseness. i addi

reduct i ontRé cotth®re@sddihg! MbRAVEE. inMUBAYRIce WihARROISMIERiQed h this
doubl e-si ded sinultaneous polishing step 14, it is possible to obtain a

doubl e- si dadultaneowr pdlistiiapateprdd eit it ipessidfe suob@air acfoublhé-chddiei ng
di stingui shable fromthe bottom surface thereof with view ng, by grinding
si mul t anedigTer-Hatshed avader she tameurdacs ebwhieh bpinmdilséinguiﬁﬂmb?q frag Gwch
rotating %%?t%gn glflrf}:lgee thareet vﬁ‘clha;[rieegviﬂg, by grinding simultaneously both faces of

the silicon wafer while controlling each rotating speed of the upper platen 42

and the lower platen 43. The grinding-removing amount during this

polishing step 14 preferably ranges from 1 to 15 micrometers expressed in

terms of one-surface removing amount, and from 2 to 30 micrometers

expressed in terms of the sum total removing amount.

[0017]

Thus, a high flattening can be attained by performing the process for
producing a silicon wafer of the present invention, without performing the
flattening processing using the machine polishing, wrapping, etc., which was
indispensable for the conventional manufacturing process. Therefore, since
grinding marks or the surge which had been conventionally generated during
the mechanical flattening processing such as grinding etc. do not occur, it
becomes unnecessary to secure a large amount of grinding amount to be
removed during a mirror-finishing step, thereby increasing the productivity in
wafer production significantly. In accordance with the production process of

the present invention, a silicon wafer having the difference between the

maximum thickness and the minimum thickness of not more than 1 pm can be

tion to



and the |l ower platen 43. The grinding-renoving anount during this polishing
step 14 preferably ranges froml to 15 mcroneters expressed in terns of
one-surface renoving anmount, and from2 to 30 microneters expressed in
terms of the sumtotal renoving amount 13[0017] Thus, a high flattening can
be attained by performng the process for producing a silicon wafer of the
present invention, without performng the flattening processing using the
machi ne polishing, wapping, etc., which was indispensable for the
convention {.nggufacturing process. Therefore, since grinding marks or the
surge whi 8R'HB& been conventional |y generated during the mechani cal
flattenin O@I%Fessing such as grinding etc. do not occur, it becones
unnecessary secure a |l arge anount of grinding amount to be renoved

during a m erMd‘rE@iz&DiaMOﬁgﬁFbotﬁ hEE @Ry shifaé£asd e bbRoRT Ateadd ¥f the 1 n
waf er production significantly. In accordance with the production process of

t he presemtafenaengioumd sinﬂltainebuslwaﬁ;ethdwduﬁbig-sﬁ&ed dinhdlesdervas gadishixen t he
maxi mum t hi ckness and the m ni mum thi ckness of not nore than | (err)m can be
13 obt ai deghis[cwohglimaps Bdy@f courschpesfibledhat theesamyp ctliget aareband t he bottom

f f.th fer d si nmul ly b he_doub]| e- si ded .
o e ekt O e 3 LR ot ol Gl o
the sane ot{gel ofaBye BRIAIIGFEY A0uble-SAEH Bhuldifeb My SiifiRR and the
bott om suffface o tﬁre warer 1s grounH one Dy one 1 ns ea& 0] 1

doubl e- si dggredivBH! ihagtaer $d YndiehieStHeNicroMY@RY8Es of thedmdf skiTadd6f gRSE the
m cr o-roughness of the main surface of the wafer on which devices will be

formed, omafer de whichdievicasayilbéefermed node-side gtinding mag bef paaéormied he waf er
which is subjected to the doubl e-sided sinultaneously polishin
on the main surface of the wafer which is subjected to the double-side
simultaneously polishing.
[Examples]
[0019]
Next, Examples of the present invention will be explained in detail

with Comparative Examples.
<Example 1>

First, five pieces of ¢300mm silicon wafer were cut from a silicon
single crystal ingot. Subsequently, a single-wafer etching was performed to
the silicon wafer using the single-wafer etching apparatus shown in FIG. 2.
As an etching solution, an acid etching solution which contained fluoric acid,
nitric acid, phosphoric acid, at a mixing percentage of fluoric acid : nitric
acid : phosphoric acid : water = 7% : 30% : 35% : 28% respectively by
weight % was used. Moreover, the wafer rotating speed in etching was
controlied to be 600 r.p.m. and the flow rate of the etching §olution to be
supplied was controlled to be 5.6 liter/min., and etching was performed for 90
seconds. The amount removed by etching in the single-wafer acid etching
was 30 pm on one side. After the etching, pure water was supplied to the

wafer surface and washed, while spinning the wafer, and then nitrogen was

blown onto the wafer surface to dry the wafer surface. Subsequently, the



[ Exanpl es] [0019] Next, Exanples of the present invention will be
explained in detail wth Conparative Exanples. <Exanple 1> First, five

pi eces of (err)300mmsilicon wafer were cut froma silicon single crystal
ingot. Subsequently, a single-wafer etdhing was performed to the silicon
waf er using the single-wafer etching apparatus shown in FIG 2. As an
etching solution, an acid etching solution which contained fluoric acid,
nitric acid, phosphoric acid, at a nixing percentage of fluoric acid :

itri i % . 309 35% : 28% |
by wei gﬁc'ﬂgmfésﬁg%& g dine LS Rt PO P pas BT e g ws
cont ol | eghd Qo S80Lced ?mhgawgfghsgd[eeayx L3 cBhatlifsc! SLAICRRLHLAAD Lo, be

supplied was contro chln d for

90 secondms pRfora@RUGH tﬁ@eﬁaqdc%fﬁ{ecﬁhm uding HRe 8p ﬁﬂla?us"‘ﬁ{cﬁfrn a¢i d etching
was 30 gm on one side. After the etching, pure water was supplied to the

waf er sur FaGe3.anBuythshmdre, the deubl-sided gimbbanad ey polashdng veay perféogah was
blown onto the wafer surface to dry the wafer surface. Subsequently, the 14
waf er was onthatbgusiases ofithe méelsumggéhwdb@blea@id@demmmlmgemppbshmgrred on

t he bottom surface of th% gafer {1@5 t he sa condltlon§ xt, chanfering
was per f oPRBEFOH thvr Ay Hlbe @ thiigadingting cashAgtatie spss £ UPRSHn i n

FIG S, FULteh icSould SRl slidlad) SLAVLEANGS  Rabl S ﬁ%t%a P! Ted

on both s aces o usi ng e double-"si aneous pol i shing

appar at us rsHevwed by gdiBhiRg iNvthe ﬂoﬁ‘lﬁleuﬁaéd‘gltﬁﬁﬁﬂﬂé(ﬁiﬁdli‘ﬂllﬁ@%ﬁ‘éh@i}etl'@e upper
pl aten, the | ower platen, the internal gear, and the sun gear, so that the

amount  r gvadnRysigel i §Invengldc|as oifigam@ldy @ese shels)esiedtot mireotSinpsHinghi ng
m ght be 10 gra on one side. Five pieces of sanples were subjected to
mrror-fi theopghghe above steps.

[0020]
<Comparative Example 1>

First, five pieces of ¢300mm silicon wafer were cut from a silicon
single crystal ingot. Subsequently, as a flattening step, a
double-disk-surface-grinding (referred to as “DDSG™) was performed on both
surfaces of the silicon wafer using a grinding apparatus which is not shown in
drawings. The amount removed in this DDSG step was set to be 30 pm on
one side. Thereafter, the one side grinding step (Single Disk Surface Grind;
referred to as “SDSG process™) was performed using a grinding apparatus
which is not illustrated, and the amount removed in this SDSG process was set
to be 20 pm on one side. Furthermore, the double-sided simultaneous
polishing was performed on both surfaces of the wafer using the double-sided
simultaneous polishing apparatus shown in FIG. 5, while adjusting each
rotating speed of the upper platen, the lower platen, the internal gear, and the
sun gear, so that the amount removed by polishing in the double-sided
simultaneous polishing might be 10 pm on one side. Five pieces of samples
were subjected to mirror-finishing through the above steps.
[0021]

<Comparative example 2>



t hrough the above steps. [0020] <Conparative Exanple 1> First, five pieces
of (p300mm silicon wafer were cut froma silicon single crystal ingot.
Subsequently, as a flattening step, a double -disk- surface-grinding
(referred to as "DDSG') was perfornmed dh both surfaces of the silicon wafer
using a grinding apparatus which is not shown in draw ngs. The anount
renmoved in this DDSG step was set to be 30 gmon one side. Thereafter, the
one side grinding step (Single Disk Surface Gind; referred to as "SDSG
process") was perforned using a rindinq,apparatus whi ch is not

i | lustrated, andfirfle fHifopiscey eﬁ@gaamma stligan wplks wWerscewsiramsa sdicon; o pe 20

It . sikde. Furth th bl e- gi ded. si nul t l'i shi

per 1 or ned SBSTY ELITERtos HPstHE Uk d R ARHE PR R DD SOl i mul tancous
rfort OPSEHEal & LSPRE P _ cous

Phe upper Por ey B0 thosibas df e Bl bk Moneafine iR 408 SO0 2o

that the FHRUHoH MRS dYinPGis PDIG stép W8 sdoubbe-39 gadon sh&dideaneous
polishing mght be 10 (err)mon one side. Five pieces of sanples were

subj ect ed Theredfterothe finglstwater etvhomg fvas hperfdrowel o ¢lps flaftefed silico@onpar ati ve
example 2> 15 First, five pieces of (p300mmsilicon wafer were cut froma
silicon siwijpeusingsthg|sipglgovales aiekiggeanpayatuashawn ig Fihizng At 8}, a DDSG was

performed on.both surfaces .qf the silicon wafer usjng a w.appi appar at us.
The ampun€ GRS aL on. (7 dcifrseeliBecis WHEn st ysdnEhied chnteined iliasidie.

IR Cheid Mol B Y800} SRR SRBES] TR AL MR fhghigred o | oon
et chi ng s@ludlriOfeidamidgt dchf CPhoPHRIEdian Waer used, Whgwh somt.aigwed fluoric
respectively by weight %.
Moreover, the wafer rotating speed in etching was controlled to be
600 r.p.m. and the flow rate of the etching solution to be supplied was
controlled to be 5.6 liter/min., and etching was performed for 60 seconds.
The amount removed by etching in the single-wafer etching was 20 pm on one
side. After the etching, pure water was supplied to the wafer surface and
washed, while spinning the wafer, and then nitrogen was blown onto the wafer
surface to dry the wafer surface. Subsequently, the wafer was turned over,
and the single-wafer etching was performed on the bottom surface of the
wafer under the same conditions. Furthermore, the double-sided
simultaneous polishing was performed on both surfaces of the wafer using the
double-sided simultaneous polishing apparatus shown in FIG. 5, while
adjusting each rotating speed of the upper platen, the lower platen, the
internal gear, and the sun gear, so that the amount removed by polishing in the
double-sided simultaneous polishing might be 10 um on one side. Five
pieces of samples were subjected to mirror-finishing through the above steps.
[0022]
<Controlled study 1>
TTV and wafer surface shape after each step in Example 1,

Comparative Example 1, and Comparative Example 2 were evaluated. As for



acid, nitric acid, phosphoric acid, and water at the m xi ng percentage of
fluoric acid : nitric acid : phosphoric acid : water = 7% : 30%: 35%: 28%
respectively by weight % Moreover, the wafer rotating speed in etching was
controlled to be 600 r.p.m and the fléw rate of the etching solution to be
supplied was controlled to be 5.6 liter/mn., and etching was perforned for
60 seconds. The anmount renoved by etching in the single-wafer etching was
20 gmon one side. After the etching, pure water was supplied to the wafer
surface and__washed, while spinning the wafer, and then nitrogen was bl own
onto the Wdferit waj ¢valuated by gbsoshingaprd fixing saeh waleiwWitheh VaGUURhe waf er

1, NS B SRR B B R SRR oo

double- ! Qedfer HliPKBERNSWRaROMDININES IREESAWERA 2 PIV! PRYTARES of the

waf er using t |'e-si ded sinultaneous polishing apparatus wn in FIG
5, while cagh yedpl iRGHRMNIH PhBles NOtSPeeM GfcovBE tHERYErdeddfNstahAgrd over
platen, the internal gear, and the sun gear, so that the anmount renoved by
pol i shi ngdeniativa c ddshimples tled Ssamdhoawre auT apldsi st AgMirgbtvet)ehd 0 gm on one
side. Five fpi eces of sanples were _subjected to mrror-finisbing through the
above st egsriace ghapy incthisnsanaplecl of Exappls 1T Coraparatine dixampleac@ndhape after

caCh 5t o AR g SRS TS AEHR € IS RTBRF v e 2

each waf re}[[logﬁh a vacuum suction pad, and neasuring the maxi nrum val ue and

the m ni mumval ue of wafer thickness to obtain the difference therebetween
as a TTV. [TAMeaffter each step is shown in Tables 1 to 3. Mreover, the
aver age and—stardard—deviatieon-{¥-—ofsanptest+ to5-are—shown-in—Fables |
to 3. Meover, the TTV[um]
After After After double-sided
slicing single-wafer simultaneous
etching grinding
Example 1 | Sample 1 9.757 2.145 0.272
Sample 2 10.101 2.237 0.276
Sample 3 10.456 2.389 0.288
Sample 4 10.330 2.175 0.251
Sample 5 9.866 2.059 0.253
Average of 10.102 2.201 0.268
samples
Standard 0.297 0.123 0.016
deviation
o




surface shape in the sanple | of Exanple 1, Conparative Exanple 1, and
Conparative Exanple 2 are shown in FIGS. 5 to 15, respectively. [00231

[ Table 1] TTV[gn] After After After double-sided slicing single-wafer

si mul t aneous etching grinding Exanplell Sanple 1 9.757 2.145 0.272 Sanple
2 10.101 2.237 0.276 Sanple 3 10.456 2.389 0.288 Sanple 4 1 10.330 2.175
0.251 Sanple 5 9.866 2.059 0.253 Average of 10.102 2.201 0.268 sanples
Standard 0.297 0.123 0.016 deviation 17 [0024] [Table 2] TTV[gni After
After Aftzr After slicing DDSG singl e-wafer double-sided step etching

si mul t ane %24]gri nding Conparative Sanple 1 8.847 1.542 1.004 0. 245

Exanpl e 2{?21,”1%'?] 2 9.496 1.840 1.126 0.257 Sanple 3 8.869 1.772 1.218 0. 269

TTV[um]
After | After | After After
slicing | DDSG |single-wafer | double-sided
step etching simultaneous
grinding
Comparative | Sample 1 8.847 | 1.542 1.004 0.245
Example 2 Sample 2 | 9.496 | 1.840 1.126 0.257
Sample 3 | 8.869 | 1.772 1.218 0.269
Sample 4 | 9.297 | 1.624 1.135 0.304
Sample 5 | 9.174 | 1.440 1.109 0.311
Average 9.137 | 1.644 1.118 0.277
of
samples
Standard 0.279 | 0.164 0.077 0.029
deviation
o}




Sample 4 9.297 1.624 1.135 0.304 Sanple 5 9.174 1.440 1.109 0.311 Average
9.137 1.644 1.118 0.277 of sanples Standard 0.279 0.164 0.077 0.029
deviation a 18 [0025] [Table 3] TTV[gn] After After After After slicing
DDSG SDSG doubl e-si ded step step sinul #@neous grinding Conparative Sanple
1 9.433 1.618 1.130 0.255 Exanple | Sanple 2 9.612 1.845 0.929 0.251 Sanpl e
3 8.990 1.488 0.910 0.312 Sanple 4 9.144 1.673 1.185 0.302 Sanple 5 9.675
1.560 1.040 0.294 Average of 9.371 1.637 1.039 0.283 sanples Standard
0.296 0.135 0.121 0.028 deviation a f0026] As is clear fromTables | to 3,
it turns &982%lhat the TTV value after the doubl e-sided sinultaneous
polishing[fgﬁ@:hn Exanple 1 is by no neans

TTV[um]
After After After After
slicing | DDSG | SDSG | double-sided
step step simultaneous
grinding
Comparative | Sample 1 9.433 1.618 1.130 0.255
Example 1 Sample 2 9.612 1.845 0.929 0.251
Sample 3 8.990 1.488 0.910 0.312
Sample 4 9.144 1.673 1.185 0.302
Sample 5 9.675 1.560 1.040 0.294
Average of | 9.371 1.637 1.039 0.283
samples
Standard 0.296 0.135 0.121 0.028
deviation ¢

[0026]

As is clear from Tables 1 to 3, it turns out that the TTV value after
the double-sided simultaneous polishing step in Example 1 is by no means
inferior to the TTV value after the double-sided simultaneous polishing step
in Comparative Example 1 and Comparative Example 2. Moreover, as is
clear from FIGS 5 to 15, the wafer surface shape after each step in Example 1
gives a result which is by no means inferior to the wafer surface shape after
each step in Comparative Examples 1 and 2, and it turns out that high
flattening can be attained without performing flattening processing using
machine polishing such as grinding and wrapping, which had been
indispensable step for the conventional process.

[0007]

The process for producing the silicon wafer of the present invention



inferior to the TTV value after the doubl e-sided sinultaneous polishing step
in Conparative Exanple 1 and Conparative Exanple 2. Mreover, as is clear
fromFIGS 5 to 15, the wafer surface shape after each step in Exanple |
gives a result which is by no neans inl®rior to the wafer surface shape
after each step in Conparative Exanples | and 2, and it turns out that high
flattening can be attained wi thout performng flattening processing using
machi ne polishing such as grinding and w appi ng, which had been

i ndi spensabl e step for the conventional process. [000 The process for

pr oduci ngﬁﬁ‘héhesi‘ Y%ﬁg%‘al?aérh‘ég ffﬁ’ﬁ@“b‘i‘%§é‘htbeiar“?éﬁ?‘£°o‘ﬁlt%“t H%Iégifﬂ’é’ga%ivant age
that highgflattening can be attained, ,without,performng.a,.flattening
pr ocessi n&a\%ﬁi“%ﬁ% Brs(g:se Ssrrlélgh‘fhlé:hp%ﬁels%?C%D%B(Q,ﬁsg%ggsrqcrlll r‘h%’ llé?hn v

appi ng, etc.,
whi ch had indj : [ | ; ri ng process.
Therefore?ggﬁﬁgg’g??ggﬁﬁgphgﬁEgégﬁﬁﬁﬁgag%?g%h@ﬂ?@ﬁuﬂﬁggﬁgggﬁ gener ated by
per f or m nghaafyantingdb ce®c hamharatork| since firigling eSS ritfe SUde dhid | ndi ng
etc. do not occur and hence it beconmes unnecessary to secure a |arge anount
of gri ndi hgdibeen lgenniated byfperfomiing comventesihmechanicalsflattemingl t, t he
productivity of, wafer production can be inproved. Wile preferred

enbodi menPEOGESigsSUChagBdingRe deant @sser pidkienem it BACOMAS at ed above,

i t- shoul d- be- und d-that-t hese- l f the i L d
not to be 'BERETGRYElP SEUT T8, TmARRY of BHET B teohlTor-SaiTipBLL | ons, " and

other modfdLatindNand R ?&sﬁﬁ??hé"’héﬁlﬁ%{tihv@@!o@f afd $/oQULLiDR cafifer It OF scope

of the present 1nvention. Accordi e’inventl is not to be considered
as bei ng kmptéwd. by the foregoing description, and is only limted by the
scope of the appended cl ainms. 20
While preferred embodiments of the invention have been described

and illustrated above, it-should-be-understood-that-these-are exemplary of the

invention and are not to be considered as limiting. Additions, omissions,

substitutions, and other modifications can be made without departing from the

spirit or scope of the present invention. Accordingly the invention is not to

be considered as being limited by the foregoing description, and is only

limited by the scope of the appended claims.



What is clainmed is: 1. A process for producing a silicon wafer conprising a
single-wafer etching step of perform ng an etching by supplying an etching
solution through a supplying -nozzle to a surface of a single and a

t hi n-di scal wafer obtained by slicing2d silicon single crystal ingot and
rotating said wafer to spread said etching solution over all the surface of
said wafer; and a grinding step of grinding the surface of said wafer, in
this order, wherein said etching solution used in said single-wafer etching
step is ag,a ueogs %Fjd sol ution which contains hydrogen fluoride, nitric
aci d, andggﬁﬂ§6ﬁ‘PP53 Beid in an amount such that the content of which by
weight % at a mxing rate of fluoric acid : nitric acid : phosphoric acid
is 0.5to0 40%: 5to 50%: 5to 70% respectively. 2. The process for

producingja A bréds\Wef prodciseh sii@édd wiaflelCéhpriding W §im@lél waat ekching
single-wafer etching step is a step of etching the bottom surface of said
waf er af t stepesfeperfigrming droptching hysupplysapcdnvetthing Silufibe thraogkss f or
producing a silicon wafer as set forth in claim1, wherein the resultant

si i con wasRplykEngzaiertoer stdechef astrels anxa thinrdissalevatea obtaimedibyum val ue

o ckneas ey RleoTone Ly (eI My e RLPCESe, Lor ot no o
oo, o PTEE I PR 3600l P ShtieaR BRATESER o ¢
grinding the surface of said wafer, in this order, wherein
said etching solution used in said single-wafer etching step is an aqueous
acid solution which contains hydrogen fluoride, nitric acid, and phosphoric
acid in an amount such that the content of which by weight % at a mixing rate

of fluoric acid : nitric acid : phosphoric acid is 0.5 t0 40% : 5 to 50% : 5 to

70%, respectively.

2. The process for producing a silicon wafer as set forth in claim 1, wherein
said single-wafer etching step is a step of etching the bottom surface of said

wafer after etching the top surface of said wafer.

3. The process for producing a silicon wafer as set forth in claim 1, wherein
the resultant silicon wafer has a difference between a maximum value and a

minimum value of thickness of not more than 1pm.

4. The process for producing a silicon wafer as set forth in claim 1, further
comprising a chamfering step of chamfering the end surface of said silicon

wafer between said single-wafer etching step and said grinding step.





