1 PROCESS FOR PRODUCI NG SI LI CON WAFER BACKGROUND COF THE
I NVENTION- Field of the Invention [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 machi ne polishing
such as grinding, wapping, etc. Priority is clainmed on
Japanese Patent Application No. 2005-236255, filed

herern by FercBRed SREREIERSH i tehl WFERES A 7

[0002] In general, a production process of a

seni conduct or SBAICIOGRANED OE IME BRUSENTIONanT eri ng,
machi ne polishing such as wapping and gri ndi ng,
etching, mirror finishing (polishing), and washing of a

fer ich is. obtained by cutting a pulled silicon
??H§ﬁ§¥@??gP§PnPﬁgot and slicing, thereby producing a
wafer with high flatness. In the conventional nethod, a
wad@rijon which etching is finished is subjected to a

mrror finishing process so as to be mrror-finished,
however Thetpmesent inveation selatasdn a precessfos pradacingamsiliche

bot f t he .waf ft hei hed i t.
I ToPPER Crrenselerqtu el oy ot G e Bl drram e 4 Defighine
WHARRED By nfilcBinel polfshHSHRY as\NRRRYE rwragﬁﬁlig[ gkl e surface

coarseness has not be€een obtal ned, and hence it is
necessafPyiorivy iecireedoh dagmeasBarnt AppEcdticoNoi 7005-236255,

t hi ckness ri the mrror-finishing proce in order to
i 5&?%6@8?%3%&5@% tHF CRFisL ST HIRFAETBSOBORH S BEBhb S eness.
t hatghYeapplying a large load to the mrror-finishing
process.

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 capable of renoving efficiently the
process-strained | ayer generated by the nachine
pol i shing, while securing the2flatness, a process is

di sclosed in for exanple Japanese Unexam ned Patent

Application, First Publication No.H 1-135464(claim1,

Fi g. 1), as shown in FIG 16, the process conprising step
I g %I icing a silicon single crystal, step 2 of

clg o ring the end surface of the sliced wafer, step 3
of flattEpnnds Bbr@ée@@%r\lﬁoﬁﬁﬁhgﬁ GhcoM HaRirnehiah if edable &

top surface of a wafer ich is obtained by slicing a
seamovhgudfioientlygbe prosiseptrdingfl laster Igengraqu lsypthv mavdhnmg

t he tgfo surface of. tﬂbe%/l\/afer which is f‘
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gri ndi n? scratches which are caused bx waf er - hol di ng
ups&ﬁp be ﬁbcgg&mbcw}/Swalqwrﬁétabcﬂt%%i‘)ﬁg afgringgtheigad surface
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Ccess

| aree samauabf afwdatet WaQh 1|sfbbt:ﬁhé‘d<6§3§§c1@klgfd fnicbitBictor ingot,
mrror-finishing process in order to renove the

grstermH n@ ctpdrng bhepinagidhingeth¢ hapsirfacsertdby walferowhishliyi ng a

L e nadring e, oottt eloRtpBAcOBP BT el Warsr 4t el o

f QhirrdRLQetaeNg a silicon wafer which is capable of
performng a high level of flattening, wthout
pdfP@+Im ng any flattening process using nachine polishing

R

F@@ql\%%&(\’lﬁ F%%B%)]lﬁigcraﬁﬁﬁ NPT A9YEEd Kb orates PMARG- Fratths
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 produtivity by performng a
singl e-wafer etching step and grinding process of a
sliced wafer in this order wunder specific conditions,
while omtti ng the flattening process usi ng machi ne

pol i shi such l.ndi n b en.. . .
ot spentiots s PRCRTaR s Fusnuh pBle (T ERE gz msssile
a wat|m thd Mitheds WRBR G e@livhiRAt B &SERhtek lﬂi/a%%hpaf ke, as
shown in FIG 1, a process for producing a silicon wafer
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crystal ingot and rotating said wafer to spread sali
etpoihishi gssmich tais @nindviey etal, lwlsidh hac beof indasipdnsublefar thad a
grinding step 14 of grinding the surface of said wafer,
i ronKstied produsgkispdirocesarli 2a¥afRi-ng sol ution wused in
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process A second "aspect of the present i1nvention
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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.



wafer 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 inventi®n, in which the resultant
silicon wafer has a difference between the nmaxi num val ue
and the m ninmum val ue of thickness of not nore than 1m
A fourth aspect of the present invention is a process for

pr oduci n tl%ﬁd §%¢éc@g?tl¥@%l%gerﬂ§n§§k%ofnqrsta rbBess 61 f:fofd%l’:in a
aspect of the present invention, further conprtsing
chlideay waler ot et fofrthcinatit €irbtnagspebico fethd psesehaitwenfiod, i@ which
silicon  wafer between the single-wafer etching step and
t KBe gpsuHanhyliser prafariasp GEscmcpTcONe @R e EpRAR Kbge and

[ qgg;;mﬁlg\[l ﬁ,éﬂuls ef’?tf'tgf)%%&,éﬁe%ffﬁ&i”ﬂﬁf?% Aheprocess for

produci ng hi's enbodi nent. FIG 2

i s a fi gNFeuShaYhdRe ol tIEUBCSSSIiNCerRidalis A rapRafat poducinkG
3 is a perspective view showing the chanfering step. FIG
4 silscan Wafgure sshivninig the dosibdspest efettie pirenght srveousn, further

pol i shin appar.at us. Fl 5 i1s.a figure show t he

D et hak A iee atehapleEink e Sa Py b gfon
Expdret Betlveehlthz sﬁgléwﬁfé‘r'e@&ﬁﬁ% SREWNAGKE ReindhiaPgeRf the
wafer surface after the single-wafer etching step of
Exanple 1. FIG 7 is a figure showi ng the shape of the
waf er surface after the doubl e-sided sinultaneous

Phe shape of PR ey By CREF 110 &f 7BE BREWERHE g ‘ot ep of
Conparative Exanple 1. FIG 9 is a figure show ng the
sHapz7jof the wafer surface after the DDSG step of
Conpar atli'I\(/}e. lEi)éaa i|g118relshowing 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. § 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 showi ng the shape of the wafer
surface after the double-sid&d sinultaneous 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

S@%@Qtegohﬁ" agt,ej_:ggm fer surface after the DDSG
step of arative Exan'pe2 FIG 14 is a figure

show ng Rlte 1$h|apé“1gmfre thewingfthe sbapref @fCie afdfer surfiee after the
singl e-wafer, etching step of Comparative Exanple 2. FIG
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Conpar ative Igure s

CcQnvptstenaf C@ﬁ@@ﬁﬁﬁ/efm{arrﬂﬂ@dum ng a silicon wafer.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0008] Next, an

expl anatEIGn 1%ii$ p figargsheningdbeashane dntbediafensurfase after the

L Ng |nv nti on, based on the draw ngs.
%}}S# ?1{{}?1188 c?% Z" he bottom end of a gr own
silicon HG”Qh%s aGlgl%é @im\ivﬁ‘%cﬁle §ﬁ§p§d¥thbﬂ$é¥e@s&¥&%‘%ﬂe‘r e
shape, and the outer periphery of the resultant ingot is

groghet watierortdengtseeyuell €ompadatize Bxhmplé amet er of the ingot
to obt bl ock body. In rd irect a ecific
crystal WP Sacadiiteere siowinkeRt aEins S avagp SyBRe Al fhe
ofr, Srmgg shown
in dbﬁﬂfe%xli&?ﬁ‘snﬁﬁfl&%eb% éfgér ocegg to? @nﬁeag%é;%?ﬁ?%?k body
i s slicddGatl6as priggiet showingch ang'leﬁubnnltﬂreceslsdngpxtouidcmgla

dlrectlon of the block body in a cylindrical shape (step
1 Fylicon wigy)

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 wunevenness on both surfaces of the
thin-discal silicon wafer generated during 6 processing
such as slicing was renoved b$ nmachi ne polishing such as
grinding or wapping etc. to increase both the flatness
and the parallelismbetween the top surface and the
bottom surface of the wafer, however, in the production
pr, r \
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surface of a single silicon wafer through a, _
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etching step 12 'of the present invention, unevenness on
betpplsed foathesuofact o€ atsingle dllsmal waflet thoomgina s epplyarzenatzég
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surface of er. Mbreover
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[0010] In this single-wafer etching ste a si ngl e-waf er
ettbmvﬁéerappéﬁ%neesemﬁe BROCS NG P FOTIRREN gaﬂes lmf@@sg@@d\hwtfh a
SO R R o Rl e
SWIitAGestBY 12 is Yath&¥edCdyieR e BBy Of Moéo VeRCHE RR:EHE 4196 ahy BR:

di sposed in a cup 22. Subsequently, whi | e nmovi ng

honrfaontedrsgncsn oéacka fagasotamtiodled bywsipng amacidoetiiag 3alution

0SB0t Bl ol L5 VBLSH B B SR By the sol1d

Zqoggnthe upper surface

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-
nozzl e 24, and by spinning the wafer 21 using the wafer
chuck 23, the wafer surface |s etched, thereby renoving
t he processi ng-deformation Iayer on the surface of the
waf er. The horizontal displacenent of the supply nozzle
24 is perfornmed at arate 7 ranging from0.1 to 20

nml second, fromthe wafer center in the radial direction
ofraﬁglﬁgwaﬁﬁ 0.1 tPSKin18/s8d HAY 1t thel M8t bRl ifiRWAdRY t he
horizontal displacenent of the nozzle 24 while using the
subrsctionof zh@“@ﬂere ratkansg dong oWith they cionle dyawreby phreoloaizomggl
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acid, nitric acid, and phosphoric acid. Mreover, the

mdisnegsipe icEAmaide retimsteredge offthesvafer. acid, nitric acid,
agg fhosphorlc acid contained in an aqueous solution is
P cted such that fluoric acid : nitric acid :

phosphoryite @&chithgl o1fich 1@uddnithe sh{glé-Qv‘/Pfer &chifg (8% Sthe

wei ght % By conpounding it as in the above m Xing
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beco to 40 and_the, surface tensi.on of_. the
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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 less 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



et chi ng sol ution cannot conme into contact with the
surface of the wafer wuniformy and sufficiently, and as
aresult it takes a long tine for etching sufficiently,
thereby deteriorating the profluctivity. On the other
hand, if the wviscosity is nore than the upper limt,
then the etching solution applied onto the surface of
the wafer will stay on the surface of the wafer for a
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i npossible to control the shape in the 8 surface and the
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the flatness _ of the wafer, If the surface tension is
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surface of the wafer uniformly and sufficiently, and as
a spEEgpRptly.tandgsexsregult dhipkes pdormtimetioneieging sutficicaty) v,
there deteri.orating the.producti,vity, he..at he
naRtreoy ACEREr i b ol 68 b e i, R e

| itéhdion t1@Brd than €L GG 1504t Uthie @ BhaPihin@hoditich AdiRied onto the
surface of the wafer will stay on the surface of the

wetitfiace of the Wolsgevilltstaeon theaguripee @f sbe yafearfdr hémmegeritime

becones i npossiple ta control. the .shape in e .surface
AR ReeesTRSatis bk hEf i i bk By conpigh iy abe i B
deLenbonad iH&sHaF)@ of _fpleﬁhﬁf‘e?r%th Wagea{LEby J&@riﬁiaﬁn’g%e _
percentage of fluoric acid, nitric acid, phosphoric acid

cdhatedssed thawake. et ching solution is preferably 5 to 20%
: 20 to0.40% ; .20 to 40%:. 20 to 40%. respectjvely. By
compound HighPiaR e aR et dPopketeahiges S nenpphiis Ay
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surface tension of the etching solution beconmes 55 to 60

dyoesd c 20 tdHe%, seypekiiedyamByniomnfoundengeit @abitliig ns@kdipexxeniage,
fromthe etching-sol ution-supplyi ns nozzle 24 preferably
r dhgBiscesibnp biheFtgngspbition hecomien 1PHe 20 4aka 3ef-wiidHea
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| isupplied amoundef thastdhing 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 cp200mm the
supplied amount of the acid etching solution 26
preferably ranges from3 to 20 liter/mn. [0012] The
rotating speed of the wafer 2% 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 optinmal rotating speed varies a little, depending on
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preferably ron130 to 2000
prraﬁﬂéungﬁwe ‘iﬁ“gf% 93 3 QEioc PSP iy PRFEPreforably 800
S|?9Ee waf er etchlng step 12, after etching the top
surface of the wafer, the bottom surface of wafer is
et[obEx] successively, and as a result, both surfaces of

the wafer will he etched eqU|vaIentIy, t he
i ncr easiMgraoner. pa this s gleaiet %wgmml%ﬂff%@ma\f%ﬁop

etsﬁﬁjag‘gof lfhee @Heﬁ‘,aﬁlg 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,
whi |l e supplying rinsing I|qU|d such as pure water to the
upper surface of the wafer 211%y a
rinsing-1liquid-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
ni trogem gas thBakRLA renhdVein® &tREHG iRfthRlPRAL N EN&ching
supply of the rinsing |iquid. Subsequently, the wafer 21
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D BOYBCREH A B deX Hesign et Pe EPTARILEL, 2B Peariedas e iado

o AR OB Ao USRS 0080
r adifate ovareénasdf @hile 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 amount renoved by
pol i shing of both surfaces of the wafer during the
subsequent polishing step 14. [0015] Next, returning to
FIG 1, the wafer after being Qubjected to the
single-wafer etching step 12 will be subjected to a
chanfering step on the end surface of the wafer in order
to prevent nicking and chipping at the circunference of
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possi bl e to suppress the crown phenonenon an abnor nal
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process such as wrapping and surface grinding, however,
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afceriral prst & adgbebeddiyer vatwim phuck &b, andiihé evaferePlaisrhiendy t he

i | h f th fer. that d during t
el o TBE it SR b oo r BhEF Se e, Brfodte
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Specifically, as shown in FIG 3, the wafer central part

i deagspuibdy thy rataragulrivichpek vBiich antbrided asaferbody tpgether
hel. hori zontal ly. The chanferi.ng, step.is perfornmed by
O 5 A g MRFERTers Sn b eH IO pRFGPE b an
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the rotatihg driving part which is formed as one body

t agetiaey comntthartghe vacuum chuck 31. Moreover, this

chsnf %ri ng process may be perforned by contacting a
gl{ K ng tape with the wafer end surface at an arbitrary

cont act l@&g,l fturning 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 perforned
on the surface of the silicon wafer (step 14). An

expl anation will be given as to a doubl e-sided

si mul t aneous gri ndi ng whi ch dﬁ nds both surfaces of the
waf er sinultaneously. The doubl e-sided sinultaneous
grinding is performed by a doubl e-sided sinultaneous
pol i shing apparatus 40 as shown in FIG 4. As shown in
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cl oth 42a adhered onto the grinding surface side thereof,
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rotating‘the upper platen 42 and the |ower platen 43 in
t fiBe estapr gandinge c tNlensovemiin accosdgisieywinly thipdagbleedub
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that of a wafer when the flattening step is conpleted

arttigas surasiedhowep € widuvitwing, by rees simul wingowdy bpé- i ereof
si_rul t aneou | ishjng.step,14 can attaip _.both
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for grinding. Mdreover, 1n accordance with this
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possi bl g to ohtain a doubl e-side mror-fini shed wafer
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cqaotgl I ing each rotati ng speed of the upper platen 42
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 I pm can be



and the |l ower platen 43. The grindi ng-renovi ng anount
during this polishing step 14 preferably ranges from1
to 15 microneters expressed iﬂ3 ternms of one-surface
renovi ng anount, and fromz2 to 30 mcroneters expressed
in ternms of the sumtotal renoving amount. [0017] Thus, a
high flattening can be attained by perform ng the process
for producing a silicon wafer of the present invention,
wiobkdngéd.perform ng the flattening processing using the
machi ne polishing, wapping, etc., which was
iﬁB?Qﬂensable for the conventional manufacturing process.
Ther efl@fo?eov%k,”ﬁﬁrolu hivag pg ﬁgréga?fa% aﬁﬁ‘ﬁhe%t% G0 bR
been conventi’ona generate urt ng e nechani ca
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waf er having the difference between the naxinmum

t Nlekoees impdlarhe imiraaseutie tohiccdenasshness ¢ighe moie sttface of the
can be 13 .qbtai.ned..[0018 reover, .al.t hou both th
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polishing in this enbodinent, it is of course possible

t hahultheeosslyepdfsherg can be obtai ned even if each of the
toE surface and the bottom surface of the wafer is
grl6EAAPESE by one instead of this doubl e-sided
siﬁyig@neously pol i shing. Moreover, in order to increase
t#e m-cr o-roughness of the main surface of the wafer on
whi ch deésstc Examblds diehé provedt ingagtieh oell Be ienglaingednimyd sl
performed on the main surface of the wafer which is
supfkErBpatBivengxderlBt-e- si ded si mul t aneously pol i shi ng.

<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
controllied 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 wll be explained in detail wth Conparative
Exanpl es. <Exanple 1> First, five pieces of p300mm
silicon wafer were cut froma silicon single crystal

i ngot. Subsequently, a single-wafer etching was perforned
to the silicon wafer using the single-wafer etching
apparatus shown in FIG 2. As an etching solution, an
acvafectvahiurged ol i, and thdhsiaflcconfeaianridett hingri s @efadmed on
nitric acid, phosphoric acid, at a m xing percentage of
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whi |l e spinning the wafer, then nitrogen was | own
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Subsequent |y, the 14 wafer s turned ov and the
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sqﬁlfoggﬁtgg abdie Wefer under the same conditions. Next,
ring was perforned on the end face of the waf er

ugbezp]t he apparatus shown in FIG 3. Furthernore, the
doubl e-si ded_si mul t aneous polishing was performed on
bStPIRA PAEREXYPPIeNE waf er using t he doubl e- si ded

si mul t a'ﬁ%‘ﬂsﬁﬁ%iégé 9983gtgglgd§%y§q SN, LD (Gl ﬁ‘ornsa sm

adj usting eac otatin he upper aten, the

| civeyle phyatatringdthe Subkefuratly geed flagetlingheesun gear, so
that the anmobunt renoved by polishing in the double-sided
sidetibleaticbuyripeseshiling Geigmedse 23 PRGN Brerafaaedmmn/oth
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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 (p300mmsilicon wafer were cut from
a silicon single crystal ingot. Subsequently, as a
flattening step, a double- di ¥k- sur f ace- grindi ng
(referred to as "DDSG') was perfornmed on both surfaces
of the silicon wafer using a grinding apparatus which is
not shown in draw ngs. The anount renoved in this DDSG
st ep WasFisf! fiv® phRe30f PRVOAm ANEoss wdear WhRI@AFM a sii@n
one side grinding step (Single D sk Surface Gind;
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shown in FIG 5, while adjusting each ratatin eed of
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polishtng int doubr d simu taneous pol 1'shi ng

miaght, beicldkii ghospherisheld, afd wateplaecle@mmlnwﬁflieﬁ&ge\mr e
subjected to mrror- fInIShI ng through the above steps.
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con. r were cut froma silicon single
ﬁegpvglﬁ &Weﬁggquently, as a flattening step, a DDSG
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sol uti on was used whi ch ctontai ned fluoric
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 pm 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
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<Control | ed study 1>aARKEY and wafgh surface gﬁ@quﬁgkgﬁded
gach step in Exanple 1, Conparative Exanplle 1, and
Conpar ati ve Exanpl e| 8lisiege ev bimal&awafed&s f oeim@ltaiEoVs |t
was eval uated by absorbi ng and fixi ng each |waj %r with a
vacuum suction pad| and neasUFiHe& he naxil @IS ue and
{15 il TURaAbiG Of  wajgr i ckngsgsto obtain e
di encet ebet : kIMP_%D¢4ﬁ4£ﬁ__eagh;sLep_Ls_
shomn in Twwnﬁﬂdnt) 310.M0t eover, nns7average and.276
gtandard [deviationraof—sanptres—tto 5 are showr—n
Tabl es 1 tloS@nplRor epvetd-46fe 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 1 of Exanple 1, Conparative
Exanple 1, and Conparative Exanple 2 are shown in FIGS.
5 to 15, respectively. [0023]1 [ Tabl e 1] TTV[gn] After
After After double-sided sli%ing single-wafer

simul taneous etching grinding Exanple | 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 10.330 2.175 0.251 Sanple 5 9. 866
2.[06:10. 253 Average of 10.102 2.201 0.268 sanples
Standard 0.297 0.123 0.016 deviation O 17 [0024] [Table
21iTae ZIn] After After After After slicing DDSG

Jrinding Comparative Sample 1 8. 84771 4511 004 0. 245
Exampl e 2 Sanple 2 9./496.,.1. BAGicl- 1P&aQ, 257 | 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




Sanple 3 8.869 1.772 1.218 0.269 Sanple 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 sgnples Standard 0.279 0.164
0.077 0.029 deviation a 18 0025] [Table 3] TTV[n
After After After After slicing DDSG SDSG doubl e-si ded
step step sinmultaneous grinding Conparative Sanple 1
9.433 1.618 1.130 0.255 Exanple 1 Sanple 2 9.612 1.845
0.[8@810. 251 Sanple 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
Aléelblgalof 9.371 1.637 1.039 0.283 sanples Standard

296 0. 135 0. 121 0.02 viation a [0026] AS 1§ clear
flrom Tables 1 to 3, it Tﬁgﬁ%m ut that the TTV value after
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 ! 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



t he doubl e-si ded sinultaneous polishing step in Exanple 1
is by no neans inferior to the TTV value after the
doubl e- si ded si mul t aneous pol.jishing step in Conparative
Exanple 1 and Conparative Ex le 2. Moreover, as is
clear fromFIGS 5 to 15, the wafer surface shape after
each step in Exanple | gives a result which is by no
nmeans inferior to the wafer surface shape after each
shep thdadvanppe ahatvid giofaniehes dandtthtthinad)dvitHout PeftBritlg a
that high flattening can be attai ned wi thout perform ng
f fatteaimerryopesstisswhisd ussi mgchimgdinlisbingoiuch 5 g ndinghoras

gr.i ndi.n nd wr. i ng, which had.been. indi spensable step
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machi ne polishin uch as. grinding o W appi ng, etc.,
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il et S R et R o
C phvezntingnadd aes bamitc dle prlodtitteviingl wafaqesdunpnsuaaibeas

grinding etc. do not occur and hence it becones
uhfeEe<8ary to secure a large amount of grinding in the

m rror - fy:njshi r . .
or oduct | WS PeirreBEARSSAAIN, Bt BRefubF Rl bediscribgs,
prael endethtedriosk drenisoudd-be hadentvasd-tan- thaerbeefmplary of the

described and illustrated above, . o
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spirit or scope of the present invention. Accordingly the
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20 Cdains 1. A process for producing a silicon wafer,
conprising: obtaining a single silicon wafer of
thin-di stal shape by slicing the silicon wafer froma
silicon single crystal ingot; perfornlng an etching of a
surface of the wafer by a S|ﬁﬁle waf er etching step; and
pol i shing the surface of the silicon wafer by performng
a polishing step after the single wafer etching step,
characterised in that the silicon wafer sliced fromthe
ingot is subjected to the single-wafer etching step
wi thout performing a flattening process such as grinding
or |l apping prior to the etching process; the single-wafer
Eﬁlng step conprlses supplylng an etching solution

t hnouah. 8 .sHep ozzle to the surface of the silicon
waf gr and rogé%éll"cﬁ'gw%ﬁcom\ﬁfaf”%r to spread the etching

sol UtObtﬂfhg@M@re siftb wateh@thlfi bideStha sf.ll .
et chiprigmgo bruptchiqi 4 Sifaadof aqwmi%i.agf vg - gé%i”i“g%ﬁé’éﬁ%’ﬁ"" Smgﬁe C'HSta' neot
0.5 f’ﬁ ‘h\?v@iff of tpsitifon hgfid boggammifol auoisiigdeiep Stette shile wang bfghg step,
A(ﬁ mmmwae z " nd 5to 70 melght % of phosphoric
aci d m@ ol dmr 8t 'sé'fblfﬁ?d hesipg fei?ﬁh@lﬁﬁwfl‘%@e'fomm fatiming
02z kesiigh- waa'leané lst ﬂg oL B O G 518D iS .2 L ¢
i t epftraisiton @Reand &tdf’r@;ttr@tvbf&ga s&@a@%@ etbHing &ﬁhb&f % ;f uPp y' to fe Sﬁ
sai d"spHgh eduviafsan a@bahichgolgitreptdngg 100 4b 051930)05} hfdro@enrﬁlon : 5 to 50
The ??%E ed mfﬁwi?ﬁ%ﬁﬂbw %af ptsptowaridwaf er as set forth in
cl ai OU"tyf\heF | sal b0y oAty g7 B2 ek Bpeidsingiefitytogncelopis o it pond
of etchlng t b ?téﬁ?%ﬁ??%%ém%Fm@%Sﬁp BPO4f By
zet-@hprﬂgssﬁ’d‘]sﬁodﬁc@@a Silddrnfae@s Qf rord @l dim S.fQr
p rqtfdmfhwgﬂoa s@iedeicGainwanabfer eicasy t@%\ﬁiﬁ” Siﬁﬁi%ngﬁe%¥°§% il S%p o
2 ee|n t he resultant silicon wafer has a difference
b ngg e 8 AR AV ArTE s SaRIN AckT hivrernie eebulet fon trkiér oden @sonce
not nore t han" rmmwm“*ﬁéﬂﬁwﬁ8%§@“ﬁﬁﬂmﬁﬂHﬂu0|ng a
as lThé e Wo&fcﬁ&a @k wii@ LB rokiin r r
a tehedrierd ongid Siicepraef be@b@m.ﬂnﬁéﬁrgﬂ%éﬁ Jn‘g ¥ %fmfcrm{%i Ofséhm%rmg
silicon wafer between said single-wafer etchlng step and
sai d polishing step.



