M.6415 DESCRI PTI ON METHOD FOR MANUFACTURI NG EPI TAXI AL WAFER TECHNI CAL
"FI ELD [ 0001] The present invention relates to a nethod for ngﬂ#{a turing
an epitaxial wafer that applies an etchant to a surface of a égnductor
wafer to snmooth the surface, thereby inproving efficiency of formation of
*Yan epitaxial |ayer. BACKGROUND ART [0002] As shown in FIG 13, in a
conventional manufacturing process for an epitaxial |ayer, a distal end and
a proximal end of a grown silicoBESCRgPEIGNystal ingot are cut off to
provi de a bl ock shape, an outer diameter of the ingot is ground in order to
uniforma dianmeter of the ingot so that a block body can be obtained, an
orientation flat or an orientation notch is fornmed to this bl ock body to
indicate a specifiMTHQSIEIR ANKBAUTBH NG AE TTHed ALhSIAHEGck body is sliced
with a predeterm ned angle with respect to a rod axis direction (a step 1).
A waf er peripheral portion of the sliced wafer is chanfered to avoid a
crack or a chi t he wafer peripheral portion (a step 2). Subsequently,
doubl e di§EC§NE€QEeF65PHd|ng (which will be referred to as - 1 M.6415
DDSG here%B%BE?r) that allows both front and rear surfaces
The present invention relates to a methed for

manufacturing an epitaxial wafer that applies an etchant to

a surface of a semiconductor wafer to smooth the surface,

thereby improving efficiency of formation of an epitaxial

layer.

BACKGROUND ART
[0002]

As shown in FIG. 13, in a conventional manufacturing
process for an epitaxial layer, a distal end and a proximal
end of a grown silicon single crystal ingot are cut off to
provide a block shape, an outer diameter of the ingot is
ground in order to uniform a diameter of the ingot so that
a block body can be obtained, an orientation flat or an
orientation notch is formed to this block body to indicate
a specific crystal orientation, and then the block body is
sliced with a predetermined angle with respect to a rod
axis direction (a step 1). A wafer peripheral portion of
the sliced wafer is chamfered to avoid a crack or a chip of
the wafer peripheral portion (a step 2). Subsequently,

double disk surface grinding (which will be referred to as



of the silicon wafer to be ground is applied as a snoothing step (a step
3). Then, single disk surface grinding (which wll be referre%g s SDSG
hereinafter) that allows the front surface al one of the wafer ‘bl ground
or allows the front and rear surfaces of the wafer to be ground one by one
Is carried out (a step 4). Subsequently, double disk surface polishing
(which will be referred to as DSP_ _hereinafter) that allows both the front
and rear SWFfabeseippiftreinwdhet £dlbwssbaliht a566GsPRdpsEREhedTitacesf ected (a
step 5). Then, si nal,e di sk surface polishing (which will be referred to as
SVP her ei RA&F £8F) SERACORI MaRSTt 5@ PEoRrOUSEr fac8PRILGRE §F PhEMRRLEANC0 be
polished or allows the_front and rear surfaces of the wafer to be polished
one by o0fé¢ePs (@astedd dut (&e8veSiOPLerGitKeSUrRAER &% 1B8Fi0axi (@hidhayer
made of a silicon si n%le crystal is fornmed on the surfgﬁi of the wafer by
epi t axi al Wg}rl@rwg’ﬁ* CRISLERITIO 5 §&s bgregieatiea) afsr adaf e WO6t ai ned.
[ 0003] wever, the conventional .manufacturi process has _ _the follow ng
probl em H&ﬁé’ﬁl ma ity %P@@e?&? fge &ager iloi g’i%nﬁré?llm(jjr PR difrid O"Ss t%ﬁpl ied, a
mechani cal_._danage or_a _machining s ch_i necessarily fornmed. on the
waf er. Si i¢& 4n 285 Fa?)?iraﬁ‘%%??&e% 10%;?5 g"‘?&?ﬁ %852’(? G OB &faPYgrowt h is a
process that .emphasi.zes a ,scratch or,,a d e (a distorti of,.a . crystal
lattice) Présent Gn T ﬁéffter(as r%f3 cd) a %’E@%teﬂq‘le&g:rlé’a doubje gk s’ e g. |
a disl Ocatsluq:r}a%re %OS_Lti%%kllnn (f\n%"ilcth gﬁclLir %e' r1]:etfheel:red to as DSP

hereinafter) that allows both the front and rear surfaces

of the wafer to be simultaneously polished is effected (a

step b5). Then, single disk surface polishing (which will

be referred to as SMP hereinafter) that allows the front

surface alone of the wafer to be polished or allows the

front and rear surfaces of the wafer to be polished one by

cne is carried out (a step 6). Further, when an epitaxial

layer made of a silicon single crystal is formed on the

surface of the wafer by epitaxial growth {(a step 7), a

desired epitaxial wafer can be obtained.

[0003]

However, the conventional manufacturing process has
the following problem.
When machining processing, e.g., slicing or grinding

is applied, a mechanical damage or a machining scratch is

necessarily formed on the wafer. Since an epitaxial layer

forming step based on epitaxial growth is a process that

emphasizes a scratch or a damage (a distortion of a crystal

lattice) present on the wafer surface, a crystal defect,



epitaxial layer with a defective part caused due to machining processing
such as grinding as a starting point, and this defect is eIicb#ﬁ%%$§ a
surface defect on an epitaxial |ayer surface in sonme cases. F nor e,
Wwhen a scratch or a machining danage caused due to machining processing is
serious, a slip may occur in the fornmed epitaxial |ayer. Mreover, since

t he nunber of steps to manufacture an epitaxial layer is large, a

t hr oughput -i% r Rediid@Candca €&se is§ackdngadaylt] oooars LR &h&er to sol ve
this problem there_is disclosed a method for manufacturing a silicon

epi t axi al SRaf-éxiadhadpyereriliéd yefertdr®i RGra Fapsedgront kOstep of grow ng
a silicon single crystal thin filmfromvapor on a silicon single crystal
subst r at ef“a&hgf’éﬁlgo%réﬁcﬁéétlpﬁg Shstfe?s FEILNSRNNg 2Sakd S&3gdIinghiPRg " ep” usi ng
an abrasive jn_the ntigned arder (see, e.g., Patent Docunment 1). In this
et hod di €0Cbd8d 5 ﬁie%eacé?ntlsoﬁé&ﬁéﬁtedl,asaasiSM%é SsiIFgIeET OFy&fal substrate

ilicon

bef the v . wt h st i bt ai ned f ol . FlLrst,
Singl e or YRR TG0t SHETORL o 18 B0tk SIS ected T BN AT dnet er

grindi ng, _and hen sliced.. Subseguent!|ly, outer, ri on bath surfaces of
the sliced &N oﬁ)rsianS\ang1 Pﬁ&gald%\ﬁnﬁfggr cﬁpgegh%err{g’df“agﬁ‘dHWen both the
surfaces are d i | Qose .abrasj ve. _The l.appi wafer is

i mrer sed i%r]lfoaéne%%ﬁ%ﬁaﬁ%é ;éo%rcq%é%’cgl IS;Ll et ¢ BOtH Tt he' stglrefpafg%én,edt her eby

\?\2; 2ir n: 29 (?%tigt%(r?nﬂiﬁglgllla%ér .3 Mglr%%jv%r,etsci%%% Weern'un[ggrs o@%@e%asl lt¥> etched
manufacture an epitaxial layer is large, a throughput is
reduced and a cost 1s increased.

[0004]

In order to solve this problem, there is disclosed a
method for manufacturing a silicon epitaxial wafer
characterized by performing a vapor growth step of growing
a silicon single crystal thin film from vapor on a silicon
single crystal substrate; a step of effecting water
polishing; and a polishing step using an abrasive in the
mentioned order (see, e.g., Patent Document 1). In this
method disclosed in Patent Document 1, a silicon single
crystal substrate before the vapor growth step is obtained
as follows. First, a silicon single crystal ingot is cut
into a block, subjected to external-diameter grinding, and
then sliced. Subsequently, outer rims on both surfaces of
the sliced silicon single crystal wafer are chamfered, and
then both the surfaces are lapped by using a loose abrasive.
The lapping wafer is immersed in an etchant to chemically

etch both the surfaces, thereby obtaining a chemically



as the silicon single crystal substrate, and a silicon single crystal thin
Tilmis growm fromvapor on this substrate. In the method dis@#ﬁ%ﬁs in

Pat ent Docunent 1, occurrence of a scratch defect due to a pr i“ng
defect formed on the surface of the vapor-grown silicon single crystal
thin filmcan be suppressed, and a height of this protruding defect can be
reduced. Patent Docunent 1. Japanese_Exam ned Patent Application

Publ i cat i 6&CR&d ?@@?1432§@1€cpgﬁﬁﬁf?lé§r§§F§GﬁswaF@@06F sfderoorsy to

[ 0015]) DISCECSURE OF | NVENTI.ON PROBLEM TO BE SOLVED BY THE .| NVENTI ON
[0005] * Ho@vére P lERE nERtiedEt Grvig dhefBd tdrser 0§8d PnS1PACORt Docunent 1,

i or 1 y SoreEd CEaeriol M oy G L eV ar Tarrsa YRR RB SPLS1 ane fo ef fect
i PG TR o L T A L S
S A O PR WA MRS
single cr&?&%@dtﬁ%ntpﬁl%ﬁrggﬁgcﬁgﬁgégl%ggﬁgég%og%pglérSggsgﬁﬁglgcratch

necessari Ly 06oUr$,.00 e valer per So84Ln aRd acqULERCE 0l Surface

defect or a-slip forne n- epita I"ayér “¢anno u ciently
reduced e%@%t&%@ﬂ%@ defect can be reduced.

Patent Document 1: Japanese Examined Patent
Application Publication No. 2002-43255 (claim 1, paragraphs

[0006] and [0013] to [0015])

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0005]

However, in the manufacturing method disclosed in
Patent Document 1, since immersion type etching is carried
out, an entire wafer surface is uniformly etched, control
over a removal amount in a wafer plane to effect shape
control, e.g., obtaining a predetermined surface shape
cannot be performed in a wafer plane, and hence a surface
state, e.g., a flatness degree is hard to be improved even
though it may become worse before lapping/grinding at the
previous step. Further, smoothing processing based on
machining, e.g., lapping is applied before wvapor growth of
the silicon single crystal thin film, a mechanical damage

or a processing scratch necessarily occurs on the wafer,



subsequent water polishing or polishing using an abrasive is applied. It is
an object of the present invention to provide a nethod for manufacturing an
epitaxial |ayer that applies an etchant to a surface of a sen%§§§ﬂ§ctor
wafer to snmooth the surface, thereby reducing occurrence of a rrace
defect or a slip fornmed on an epitaxial |layer. MEANS FOR SOLVI NG PROBLEM

[ 0006] The present inventors have reveal ed that performng a snpothing step
of applying an etchant to _a silicon wafer under specific conditions or an
epi t axi al PdyBFCPOERTRG ©St 8pSHIF6GE gﬁéﬁEFn@roécéEﬂ@né@fﬁﬁdao§uﬁPace def ect
or a slip forned on an epitaxial |ayer. The present invention proyides a
net hod fo?plﬁﬁﬁﬁﬁécgﬁVﬁﬁggéﬁn85iEﬁx?égfﬁﬁﬁgptggnﬁngFﬁa:egegnﬁgPHHﬁg step
of controllhn%gaggkicaéion oa.ag.etchant Ln gccordance with_a surface shape
of a sili&8R°WEHER Tt B25REoPRERENEr 8F PSUFFEERY HRA™En2BprPagEal el ayer

form ng step §E1E8r”i”9 an epitaxial layer fornmed of a silicon single
crystal on t A ugface of the wafer based on epitaxial growh. EFFECT OF

THE | NVENTI ON 1k0007],5 oplfefd15s The methad.f or mmautactur ug,anceni taxial

| ayer according to tl ent “i'nvention can denonstrate ar that
cont rol 11 pa-aRAl 182t kQRu%h2ARFhENaR! ch2tdxi4a" 9hy8Yr fAGE LPHAGeardance with
a shape of the wafter

etchant to a surface cof a semiconductor wafer to smooth the

surface, thereby reducing occurrence cf a surface defect or

a slip formed on an epitaxial layer.

MEANS FOR SOLVING PRCBLEM
[00006]

The present inventors have revealed that performing a
smoothing step of applying an etchant to a silicon wafer
under specific conditions or an epitaxial layer forming
step allows reducing occurrence of a surface defect or a
slip formed on an epitaxial layer.

The present invention provides a method for
manufacturing an epitaxial layer comprising: a smoothing
step of controlling application of an etchant in accordance
with a surface shape of a silicon wafer to smooth the wafer
surface; and an epitaxial layer forming step of forming an
epitaxial layer formed of a silicon single crystal on the

surface of the wafer based on epitaxial growth.

EFFECT OF THE INVENTION

[0007]



surface allows snoot hing the wafer surface. Furthernore, since the
snoot hi ng processing for the wafer surface is chem cal procesihgglﬁgat
applies an etchant to the wafer w thout including a mechani cal % nt and
a scratch or a damage rarely occurs on the wafer, occurrence of a surface
defect or a slip formed on an epitaxial |ayer due to nmachining can be
decreased. BRI EF DESCRI PTI.ON OF DRAWNGS [0008] FIG, 1 is a view showi ng a
met hod for mandf&cPEPRE dAT BAPHERFAP T hEFePlaEBAlarAG t 624K Tenbodi ment of

t he present i@éention' FIG 2 i% a vie$pshomjng a net hod for manufacturing
an  epi t afF&PTHAPEr F8c EBRAPAG SEE Cat B RBIE 18D GAFMERTIOBF LERES FResent

i nvention; _ElG i.S a view.show n .met hod fqr manufacturing _an epitaxial
vaf er acc&rdiEhg iga tFPPt§ﬁ&ﬁH§9 éﬁﬁﬁdFﬁ%ﬁPnoP% PﬁeegF§§8ﬁttPn9ention; FI G
4 is a view.show ng_a si.ngl.e-wafer processing, type_etching device; FIG 5
is a viewwéééﬁ ﬁgrgagﬁr%§08088F88chvgﬁu ﬁo%haPésﬁﬁtEﬁﬁ £GFf ace | ayer of

an epi taxigld.ayer, \366ar ding ey o6 (M6415 10 Brammle 1 FLG (8 1s a view

showi ng a surface ect "eval ua resul’t in"a surface layer
epi taxial Jiaver 13ecqnding : nto PG ng B Gent b5 R, Visgwrshawing a surface
def ect eval uation

chemical processing that applies an etchant to the wafer

without including a mechanical element and a scratch or a

damage rarely occurs on the wafer, cccurrence of a surface

defect or a slip formed on an epitaxial layer due to

machining can be decreased.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

FIG. 1 is a view showing a method for manufacturing an
epitaxial wafer according to an embodiment of the present
invention;

FIG. 2 is a view showing a method for manufacturing an
epitaxial wafer according to another embodiment of the
present invention;

FIG. 3 is a view showing a methcd for manufacturing an
epitaxial wafer according to still ancther embodiment of
the present invention;

FIG. 4 is a view showing a single-wafer processing
type etching device;

FIG. 5 is a view showing a surface defect evaluation

result in a surface layer of an epitaxial layer according



result in a surface |ayer of an epitaxial |ayer according to Exanple 3;
"FIG 8 is a view showing a surface defect evaluation result iﬁﬂiﬁﬁ rface
| ayer of an epitaxial |ayer according to Conparative Exanple I, Fl 9is a
vi ew showi ng a topograph of the epitaxial wafer according to Exanple 1
“imaged based on X-ray topography; FIG 10 is a view showi ng a topograph of
the epita iaé maier according to Exanple 2 inmaged based on X-ray
topograph§? Fe'P1% +& a view showing a topograph of the epitaxial wafer

di t db d FIG 12
Show g 3 tSpEE?QBhgofstﬁe Tt aﬁ‘ﬁesgf’ﬁ? ag?yé&hﬁamﬁvi Rl
1 i maged basegton X go? g Pﬁand F vi ew sho

s,a

convent i ohaf “net hod? f8P gagnegb g laé?ﬁracﬁ%ﬁﬁg TICNS OF
LETTERS NHQE&@E§ L0009] 7 M6415 11 sI|C|ng 12 snoot hi ng processing 13
epi t axi al aye rmation 14 mirror polishing BEST MODE(S) FOR CARRYI NG QUT

THE | NVENTI ON F&8919]ls a view showing a surface defect evaluation

result in a surface layer of an epitaxial layer according
to Example 3;

FIG. 8 is a view showing a surface defect evaluation
result in a surface layer of an epitaxial layer according
to Comparative Example 1;

FIG. 9 is a view showing a topograph of the epitaxial
wafer according to Example 1 imaged based on X-ray
topography;

FIG. 10 is a view showing a topograph of the epitaxial
wafer according to Example 2 imaged based on X-ray
topography;

FIG. 11 is a view showing a topograph of the epitaxial
wafer according tc Example 3 imaged based on X-ray
topography;

FIG. 12 is a view showing a topograph of the epitaxial
wafer according to Comparative Example 1 imaged based on X-
ray topography; and

FIG. 13 is a view showing a conventional method for

manufacturing an epitaxial wafer.

EXPLANATIONS OF LETTERS OR NUMERALS

[0009]



The best

pr oxi mal
a bl ock

node for carrying out the present invention wIl|l now be described
W th reference to the acconpanying drawings. First, a distal end and a

end of a grown silicon single crystal ingot are cut §&£‘h% provi de
shape, and an external dianeter of the ingot is groun % uni form
a diameter of the ingot, thereby providing a block body. An orientation

flat or an orientation notch is

specific

bl ock bod
di rection
of a thin
ground do
degree of

manuf act u
snoot hi ng

shape aft efroql MeipR] s ) WReRERKRRERRIGWRLET THEr T

formed to this block body to indicate a

crystgh ori,entation. After this process, as shown in FIG 1, the
ic

y is

841GiPH a predetermined angle with respect to a rod axis

1) 0011 Irregular | ayers on front and rear surfaces

11).
(8 SedP ostbprbdRtegrarese

8Uced in a process such as slicing are

wn by chining,. _e.qg. ri.nding.or. |l apping to enhance a fl atness
t he %ggnfpégégﬁggrq?ﬁ??a£8§mgglophe waf er and a parall el ism degree
of the wafer inp,a %gg%%gt'gﬁgghqggufacturing process for a wafer, but

ring method according to“this enbodinent, this - 8 M6415

in a

step based on nachining is not performed, and application of an
etchant is first controlled in accordance wth a silicon wafer surface

othed (a step 12).

NTS ORTO
[0012] At the snoothing step 12, irregular ﬁggers on both front and rear

sur f aces

qfootildg silicon wafer produced at a

The best mode for carrying out the present invention
will now be described with reference to the accompanying
drawings.

First, a distal end and a proximal end of a grown
silicon single crystal ingot are cut off tc provide a block
shape, and an external diameter of the ingot is ground to
uniform a diameter of the ingot, thereby providing a block
body. An orientation flat or an orientation notch is
formed tc this block bedy tc indicate a specific crystal
orientation. After this process, as shown in FIG. 1, the
block body is sliced with a predetermined angle with
respect to a rcd axis direction (a step 11}.

[0011]

Irregular layers on front and rear surfaces of a thin
discoid silicon wafer produced in a process such as slicing
are ground down by machining, e.g., grinding or lapping to
enhance a flatness degree cof the front and rear surfaces of
the wafer and a parallelism degree of the wafer in a
conventional manufacturing process for a wafer, but in a

manufacturing method according to this embodiment, this



step of, e.g., slicing are snoothed by etching to enhance a fl atness degree
“of the front and rear surfaces of the wafer and a parallelisnhﬁg e of the
wafer. Furthernore, an affected |ayer introduced due to a nachi @ﬁé
Jprocess, e.g., block cutting, external-dianmeter grinding, or the slicing
step 11 is conpletely renoved. Moreover, the use of an acid etchant as an
etchant utilized in snoo allows. controlling surface roughness of the

hi ,

waf er . [OéTQPth?ﬂgssgﬁﬂoFﬁ%E QFeBaEEIPéHEaFFi38908?r59rﬁ§ﬁnga§Gch an

t chi devi 20, i | 4. Th i ngl e- i t chi
devi co 20 HBPRERBACH REFAG: CaoRaEtals ho5s3rbPREF O LR ot beSaoRaRaREsL, and a

tati dr Vi 24 . g. t th i g ted ith th t
22 i a8 PoFhr 0 SRatPo3a g arPEEEoPhan"BEagh aS PO Fotdr e PRFSHN the o
rotary SR@BE %gfe9n%uk?g§8 igeggsgﬁhganzg'gggg ?@E?r rotating means 25.
t e singl e-wa efc

[ 0014] reover, er “processi ng i'ng device 20 has etchant
supplying[g§§5§ 26 for supplying an etchant, - 9 M6415 a nozzle 27 that
receives the etchant fromthis etchant supplying neans 26 and bel ches out

the etchant tOAEh%hga%ﬁgafgéngaseggzh? bazecBaiLLoR g8 Ehah wByAdly supports

this nozzle 27, an ( ortion 29 that ‘restricts a position/novenent
of the nozzhgrbasg g@%&'%Gr%%ce%ngft@ﬁéesiﬂﬁﬁgﬁr%a?%?sbkhﬂh%eﬂoé%|% posi tion

controlling neans 3 To the nozzle base portion 28 are provided a nmechani sm
t hat step of, e.g., slicing are smoothed by etching to enhance a

flatness degree of the front and rear surfaces of the wafer
and a parallelism degree ¢of the wafer. Furthermore, an
affected layer introduced due to a machining process, e.g.,
block cutting, external-diameter grinding, or the slicing
step 11 is completely remcoved. Moreover, the use of an
acid etchant as an etchant utilized in smoothing allows
controlling surface roughness of the wafer.
[0013]

This smoothing step 12 is carried out by using such an
etching device 20 as shown in FIG. 4.

The single-wafer processing etching device 20 depicted
in FIG. 4 has a stage 22 that supports a wafer 21, and a
rotation driving scurce 24, e.g., a motor that is connected
with the stage 22 via a rotary shaft 23 and drives the
stage 22 to rotate through the rotary shaft 23, and these
members constitute wafer rotating means 25.
[0014]

Moreover, the single-wafer processing etching device

20 has etchant supplying means 26 for supplying an etchant,



adjusts an angle of the nozzle 27 wth respect to the nozzle base portion
28, a nmechanismthat adjusts a height position of a distal enﬂﬂ&L“%he
nozzle 27 fromthe wafer 21, and a mechanismthat sw tches

di scharge/ non-di scharge of the etchant fromthe nozzle 27, and these
menbers constitute discharge state controlling neans 31. [0015]

Addi ti | 1 ] -waf er . [ ' devi 20_h |1
moans. 32 EHAP2EORt 701 CPEhotRGRBEFS. Ehor BUGREEF ORSOBY CRRE FOPAERGN oriving
24 1t t t lLuti nmber , t h hant | yi
veans. 26 EOOEbEPRy EEbEaPy 60 abB DR et N et ERAnE CARR BBt Aol S2ERE novel o
iti t I ng_t i h tat t l. i 31
Po st a Stait A0 EB0S PRBR Br Tha noszFa b7 O HRELY cOHEPAE P ng Phians 32 has

an ari thmepio) pogbi 00,33, &uga. BoLPHLANdoa pLyrality, af . gemories 34,
3 %ECFI

35.... Reférence nlneral égnotes wafer~ surface de ng neans that

utillzes bBseLibAlEGLhANLOBs thE HBLETCSPELACBoPRSEH 98 ashasen Lefl ection

node to asure Irregularities on the wa S ace. etecting - 10

M.6415 nRapse38 PBYsTRREYECnB - YaLehosYETBRe-8AAPE1 8$ngNmbAHdEPERdENt device
wi t hout being disposed in the single- wafer processing etching device 20.

[0016] The ehehant-$UPBLY¥ENgoPRRRE 20 SYRPLLE$iaBdagi flecBhphant thatt he

nozzl e 27. The etchant supplying neans 26 Tmay previously mx acids at a

predet er nkAgdsAkXkAJahadlileOofOthe nozzle 27 with respect to the
nozzle base porticn 28, a mechanism that adjusts a height
position of a distal end of the nozzle 27 from the wafer 21,
and a mechanism that switches discharge/non-discharge of
the etchant from the nozzle 27, and these members
constitute discharge state controlling means 31.
[0015]

Additionally, the single-wafer processing etching

device 20 has controlling means 32 that controls the number
of revoluticns cf the rotation driving source 24 to set a
water revolution number, controls the etchant supplying
means 26 to specify a supply state of the etchant, and
controls the nozzle position controlling means 30 and the
discharge state controlling means 31 to set a state/a
position of the nozzle 27. This controlling means 32 has
an arithmetic porticn 33, e.g., a CPU and a plurality of.
memcories 34, 35.... Reference numeral 36 denotes wafer
surface detecting means that utilizes laser reflection on
the wafer surface based on a laser reflecticn mode to

measure irregularities on the wafer surface. The detecting

_.10_



prepare the acid etchant and then supply the acid etchant to the nozzle 31,
or it may separately supply acids to the nozzle 31 and then m %ﬁgnlnear
the nozzle 31. In the nozzle position controlling neans 30, tﬂgﬁﬁ e
portion 29 that restricts novenent of the nozzle base portion 28 runs
through a rotational center of the wafer 21 and supports the nozzl e base
portion 28 so tg t_the nozzle an nove in a radial direction of the

27
waf er 21. "TAES gdi B&YpBrEPBh©28 Wy havB® aESnFP@BFa?Foﬁnby which the
o] vaseppien, 28 gan, e Lo Csnatn ol ceck on Lnctont A ot on

of the nozZz res Waf er 21 can

be set baaggegnﬁggFg?%gﬂgﬂ%ggﬁgggiggﬁggg?Eﬁhnozzle base portion 28 in the

| ength directio e nozzle base portion 28 has a
nechanisnnbbz%]nnves in the length direction of the guide portion 29.
[0017] Further, the guide portion 29 may have a structure in which one end

t hereof is prowide n t obat | .cen . st he wafer 21
¥hd QtEHa%% s%ﬁ%%%%ﬁgtﬁgané 58 gagghlgg Br a8fig

;
whi |l st the other end - ereof 1s supported to be rotatable in a

hori zont akt@hrget kantardnbhe18027l e 2Ft Batnapyesuppedihiengdhdegportion 29
is horizontally swiveled can nove in an in-plane diréction of the wafer 21.

The di schakgepstat eus0it ekl bRGJREARS a3prhastanghidedadishiyngaBansothat is

provi ded at the nozzl e base portion 28 and adjusts an angle of the nozzle

27 with regpeetret @he acid etchant and then supply the acid etchant
to the neozzle 31, or it may separately supply acids to the
nozzle 31 and then mix them near the nozzle 31.

In the nozzle position controlling means 30, the guide
portion 29 that restricts movement of the nozzle base
portion 28 runs through a rotational center of the wafer 21
and supports the nozzle base portion 28 so that the nozzle
27 can move in a radial direction of the wafer 21. The
guide portion 29 may have a configuration by which the
nozzle base portion 28 can move in a length direction
thereof. A position of the nozzle 27 with respect to the
rotational center of the wafer 21 can be set based on a
movement position of the nozzle base porticn 28 in the
length direction of the guide portion 2%. The nozzle base
portion 28 has a mechanism that moves in the length
directicn of the guide portion 29.
[0017]
Further, the guide portion 29 may have a structure in

which one end thereof is provided to run through the

rotational center of the wafer 21 whilst the other end

_11_



the nozzl e base portion 28, height adjusting neans for adjusting a height
“position of the distal end of the nozzle 27 fromthe wafer 21, sa val ve
body that switches discharge/ non-discharge of the etchant fromthe nozzle
27. Furthernore, supply fromthe etchant supplying neans 26 may be
switched without providing the valve body. [0018] The controlling neans 32

h I ) h f h f th 21 bef
ocessi ngCAoRoRr y bHAreBoraEBe pOEPERBRCor Tt ReRRGIIBIEY and an

processi ng, a “memdry and an

oot OB phakBerdoMeHREY chBhost ok s 2 LB hBLES AMBHTEAR! quilie P ohant and

an etching state, and a stores "a Sha t r 21 serving

as a refegeg%goﬁfégrispﬁeggaéh@gﬁggega%vgﬁgerkaa ﬁéve3§n'88£iﬁuglgﬁ§ the

arithnmeti ¢ portion 33 that calcu s these contents to ai n-nmovenent of
the nozzl gi2écandna ¢ sghagpge-staye of the etchant. It is to be noted that
the nenories 34 and 35 wuse the detecting neans 36 to detect a surface

status of therwaf ghséhaRebokeaRE0ees% R 1aRdnekake 3hhhadahale
Incidentally, inregard to this nmenory data, the detecting - 12 M.6415

neans nayadeLieeting subhacenstatuspirivaeear daneaeWnbh z@achaswaberttionbe
processed and resultant data nay be stored, or the detecting neans may

detect a guorhaceastjaktis evehyigdeverd thenberzok waf eisnomebekalf tof ot her
wafers and resultant data may be stored, or a convex portion of a given
waf er mayhkendetéet edsienpactandatée Wwetighe¢aakhjuagahg eradat gordefined in
accordance wth each category of wafers may be

adjusting a height position of the distal end of the nczzle

27 from the wafer 21, and a valve body that switches

discharge/non-discharge of the etchant from the nozzle 27.

Furthermore, supply from the etchant supplying means 26 may

be switched without providing the valve body.

roois]

The controlling means 32 has at least a memory that

stores a surface shape of the wafer 21 before processing, a

memory that stores a position of the nozzle 27 and an

etching state, a memory that stores a discharge amount of

the etchant and an etching state, and a memory that stores

a shape of the wafer 21 serving as a reference after

processing as the memories 34, 35 ..., and has the

arithmetic portion 33 that calculates these contents to

obtain movement of the nozzle 27 and a discharge state of

the etchant. It is to be noted that the memcories 34 and 35

use the detecting means 36 to detect a surface status of

the wafer 21 before processing, and stcre this data.

Incidentally, in regard to this memcory data, the detecting
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used. [0019] In order to snmooth the wafer 21 in the single-wafer

processing etching device 20 according to this enbodinent, thedgfigcting
means 36 is first used to divide a surface of the wafer 21 into a plurality
HOf regions and neasure a surface shape, this detection data is input to the
controlling neans 32 for controlling a shape of the wafer 21, and this

oot oqn8ah kayPLAter,! 8 khe IRIDGCGD LY i RcBRaa gy o MR 20 1S

supported on the € ro ron dri'ving sourc rives this

stage 22 1 ¢cf0k8! BeUdereGQut ghabyellig reant pallLi nd, MBans (32 Fupther mor e,

the controlling nmeans 32 allows the etchant supplyi g means to supply an

et chant h%ﬁbnae@ece&ﬁgehgaﬂbnﬁqyce@E@%tthoeu&@akeesﬁg%agee%érycg@bgalS the
nozzl e position controlling means 30 and the discharge state“controlling

nmeans 31 hemeert bel warekat ehapkasiki e oghdraydirsehange tedB1eknihe nozzle
27 so that the etchant 1is belched out to the wafer 21. - 13 M6415 [0020]

Hori zont abaraveapnbeoktbtednoszl @ 2énvexCabiitednodl BY giQsel Whdeion al ong an
arc described by horizontal driving over the nozzle 27 in a radial

di recti onmafy bhedeateretir om atherdahee eemheeaah angpeedoef dappr oxi mately
0.1 to 20 mmisecond with an end of the nozzle 27 being determned as a
suppor ti ngefianet], iar acaprdedceutviltyy rechpratagoey bf twWwh€ers may be

used.

[C019]

In order to smooth the wafer 21 in the single-wafer
processing etching device 20 according to this embodiment,
the detecting means 36 1is first used to divide a surface of
the wafer 21 into a plurality of regions and measure a
surface shape, this detection data is input to the
controlling means 32 for controlling a shape of the wafer
21, and this detection data is stored in the memories 34
and 35.

Then, the wafer 21 is supported on the stage 22, and
the rotation driving source 24 drives this stage 22 to
rotate under control by the controlling means 32.

Furthermore, the controlling means 32 allows the
etchant supplying means 26 to supply an etchant having a
predetermined composition to the nozzle 27, controls the
nozzle position contrelling means 30 and the discharge
state controlling means 31 to control a state/a positicn

and a discharge time of the nozzle 27 so that the etchant

is belched out to the wafer 21.
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radial direction of the wafer fromthe wafer center. The etchant supplied
to an upper surface of the wafer 21 gradually noves froma wa cQ’nt er
side toward a wafer outer rimside by a centrifugal force of rofation of
Ihe wafer while etching an affected | ayer on the wafer surface, and
scatters as droplets fromthe outer rimof the wafer. [0021] The etchant
used at tE Bgothenlng step 12 is an aqueous solution containing
hydr of | uori'c a nitric acid, and phosphoric acid. Nbreover a m xing

ratio of  hydrgbLugbheaach VeﬂghEi8fa%%ngﬁgngh9%pQ MLE 360 ac‘gngg'“ed in

t he aqueous solution is derine uorrc aci osphoric

aci d=0. 5 E%c&@%%%1050359%55aBOazg%ﬁchﬁgn?BLg%OM@§9 HkéiSﬁ%%&gn atio is

adopted, a viscosity degrée of the etc c and a

surface teRsiroRnhaf nbheet ehanh 9699@51591%(;1;19&%@%&@ wadyhepgg this is
preferable to inprove flatness degrees of front and rear surfaces of the

waf er angha ma&e&l@bh&@kdggrsesﬁéeah@fwgbg&OXWRg@queovnS%eseby degree is
|l ess than a lower limt val ue e viscosity of - 147 M6415 the liquid is

too | ow, kh¢setehanithaknhasddeeppad antelkheruppengsdetagpiabdt Be wafer is
i mredi ately blowmn out fromthe wafer surface by the centrifugal force, and

the et chantupgbrat ngnpbanm, yoandastfEkicoant by eemepiratatcéont agt thwi th the
waf er surface, whereby assuring a sufficient etching renoval anmount takes
time, resuktiing dhractéducbifonhel wafieaddebinvithy. wAlier theteirscoShkty degree
exceeds an

etchant supplied to an upper surface of the wafer 21

gradually moves from a water center side toward a wafer

outer rim side by a centrifugal force of rotation of the

wafer while etching an affected layer on the wafer surface,

and scatters as droplets from the cuter rim of the wafer.

[0021]

The etchant used at the smoothening step 12 is an

agqueous sclution containing hydroflucric acid, nitric acid,

and phosphoric acid. Moreover, a mixing ratic of

hydrofluoric acid, nitric acid, and phosphoric acid

contained in the aqueous solution is defined as

hydrofluoric acid:nitric acid:phosphoric acid=0.5 to 40%:5

to 50%:5 to 70% in welght%. When this mixing ratio is

adopted, a viscosity degree of the etchant becomes 2 to 40

mPa-sec and a surface tension of the etchant becomes 5C to

70 dyne/cm, and hence this is preferable to improve

flatness degrees of front and rear surfaces of the wafer

and a parallelism degree of the wafer. When the viscosity

degree is less than a lower limit value, the viscosity of
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upper limt value, the etchant that has dropped onto the wafer surface
stays on the wafer supper surface for a long tinme beyond neceggi 5 and
hence an in-plane and an outer peripheral shapes of the wafer cannot be
controlled, resulting in an inconvenience of deterioration in the wafer
fl at ness degree. \Wen the surface tension is less than the lower limt

I t he, et chant th t . has-.d d Lo th f f
Yﬁngglate$§ebﬁ9aga u%afroﬁfgﬁéo E O@surPagéh%$ ﬁ%éugeﬁPP| Laglefgfce it
az””Ot U”%BQVHEE %”Qu HEE'SEeEhEng?E? 'QtQPEQBEﬁﬁélp‘ ﬁo&ﬁe ofgf er surface,

ereby assuri |C|ent etching renoval anount ta tlne resul ting

in a redugtpgnehg RE?QEC%hYEEXe BeRnbheensu kage t%e§ggn %ﬁ&e%ﬂé an upper

limt value, the etchant at has roppe onto er surface stays on

the waf er orupRRL %Hhﬁé%equEoémHQHQnH'@ﬁf@%%@@ﬂt@ Cesak! Yntandoheaee an
i n-plane and an outer peripheral "shapes of the wafer cannot be controlled,

resul ti ngyliRhafhkngameensenegceal wdetebiyonakh@nniyn at Berwateenk! at ness
degree. As a mixing ratio of hydrofluorlc acid, nitric acid, phosphoric

acid, andtwatey ¢embabledmbintheagbehante,5rke@ud@¥hd0ih0240%u2@t40h5
M.6415 to 40% 20 to 40% is preferable. When this mxing ratio is adopted,

a vi scosi iy gegreetafrithe eWakanthbeeosessi@yt ded@eccnBaseedandna surface
tension of the etchant beconmes 55 to 60 dyne/cm As a supply anount of the
et chant f uemetrhé imidzzkéu2?, thet et3Bahitt éhsimhast eropoprebertabltée 5 to 30
liters/mnute is preferable as a supply amount of the acid etchant when a
wi dt h of wadesi IsiucdncwaBénviss oB30b0enmafamd s3pper surface for a long
time beyond necessity, and hence an in-plane and an outer
peripheral shapes of the wafer cannot be controlled,
resulting in an inconvenience of deterioration in the wafer
flatness degree. When the surface tension is less than the
lower limit value, the etchant that has dropped onto the
wafer upper surface is immediately blown out from the wafer
surface by the centrifugal force, it cannot unifermly and
sufficiently come into contact with the wafer surface,
whereby assuring a sufficient etching removal amount takes
time, resulting in a reduction in productivity. When the
surface tension exceeds an upper limit value, the etchant
that has dropped cnto the wafer surface stays on the wafer
upper surface for a long time beyond necessity, and hence
an in-plane and an outer peripheral shapes of the wafer
cannct be controlled, resulting in an inconvenience of
deterioration in the wafer flatness degree. BAs a mixing

ratic of hydrofluoric acid, nitric acid, phosphoric acid,

and water contained in the etchant, 5 to 20%:20 to 40%:20
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to 20 liters/mnute is preferable as a supply anount of the acid etchant
‘when a width of the silicon wafer is 0200 mm [0022] A rotatiﬂgtéﬂged of
the wafer 21 at the snoothing step 12 is defined to fall within a range of
approximately 100 to 2000 rpm It is to be noted that an optimumrotating
speed slightly varies depending on a dianeter of the wafer 21, a viscosity

degree of (Lhg et ehapt, ;3:SupPLY.posLEin of. Lhe, elchant based on ot i zontal

novenent O €'nozz a suppry flowrate™of

supplied- WigReql Ng LoLabLng,sheadebsoresfct AR ant ORBERED! hoVaLUS, an | -

pl ane and an" outer periphera pes o er cannot contr Pled to

result inq;ap.dNCORVEN enGa Qle &?nesriio%r Y Qe 'epcc"ﬁa\w %ec{]cln?etg' @egree and,

when the rotating spee excee an upper Iimt value, the etchant that has

dropped  @ntayhBgcial ehsSHr E86611SakBTRE! 8EetHbbovR Yt M KRe  wafer
surface by the centrifugal force, and it cannot wuniformly and sufficiently

come intopeentacht7w bhebheowaieerspnihace, iwhgiekhyrapsuri ng acsghfi ci ent
etching renoval anount takes tine, reducing productivity. Wien a width of -

16 M.641%itkhe/mihueeniwapeeresad) 308sm sappolyakinBgngpeedtat 2804t o 1500
rpmis preferable, and 600 rpmis nore preferable. Wen a wdth of the

silicon wetehahs #h280ammidahr ofathegsispeed akrd3@0ito$d2000mmpmuha 3

preferable, and 800 rpmis nore preferable. [0023] Mreover, at this

snoot hi ngtst ép 12tewhéninneesusf peceferable as a supply amount of the
acid etchant when a width of the silicon wafer is ¢$200 mm.
[0022]

A rotating speed of the wafer 21 at the smoothing step

12 1s defined to fall within a range of approximately 100
to 2000 rpm. It is to be noted that an optimum rotating
speed slightly varies depending on a diameter of the wafer
21, a viscosity degree of the etchant, a supply position of
the etchant based on horizontal movement of the nozzle 27,
or a supply flow rate of the etchant to be supplied. When
the rotating speed is less than a lower limit wvalue, an in=-
plane and an outer peripheral shapes of the wafer cannot be
contrclled to result in an inconvenience of deterioration
in a wafer flatness degree and, when the rotating speed
exceeds an upper limit value, the etchant that has dropped
onto the wafer surface is immediately blown out from the
wafer surface by the centrifugal force, and it cannot
uniformly and sufficiently come intc contact with the wafer

surface, whereby assuring a sufficient etching removal

amount takes time, reducing productivity. When a width of
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.of the wafer is etched and then the other surface of the wafer is etched, a
paral l el i sm degree of the wafer required to evenly etch both ffg4hkont and
rear surfaces of the wafer can be enhanced. After etching one surface of
the wafer 21, the wafer 21 is spun while supplying a rinse agent, e.g.
pure water to the upper surface of the wafer 21 froma non-illustrated

rinse ageEBeSHEE£¥OHO%§SSrZ??E 3 e gtf@@&%iﬁ§ate mﬁgoﬁnzéﬁe gurface of

the wafer 21 I's renove eaning, inas ere supp y of the

rinse agemgoosrﬁﬁOQBegretagaM@éeragé 580SPHA 9 H@rgrbﬁgfe¥ﬂbh@ suppl ying an
inert gas, e.g., a nitrogen gas Subsequently, the wafer 21 is turned over,

the waf eryBdni § whetd e the §%2a98cR2whResUER ?w@nmr thasrhhengurface of
the wafer 21 that has not been subjected to chi ng/ cl eani ng/ dryi ng
processi ngpbea0BES380 HPPEnosSuUrpAacCes paBdeebBhENgaprOgessSkpl, iki RSEcagent

cl eani ng processing, and drying processing are |likew se carried out. [0024]
I n regardptefanaktiehi ng renoval anount at this snoothing step 12, 10 to 150
mis preferable as a total - 17 M.6415 renoval anount of the front and
rear surf§0eg836f the wafer, wherein 5 to 75 mis a renoval anount for one
surface. Wen the etching renoval anount is set to fall wthin this range,
a fl atness degMezecoferheatr thisaadoprehingusfaped2of wheheonaf enrdndea

paral l el i sm degree of the wafer can be enhanced. Additionally, at steps

fol | owi ngothitbeswadehi ag esrbpdiandwheannitheortpeki shirhgcesodpphied, a
olishin

P gwafer is etched, a parallelism degree of the wafer required

to evenly etch both the front and rear surfaces of the
wafer can be enhanced. After etching one surface of the
wafer 21, the wafer 21 is spun while supplying a rinse
agent, e.g., pure water to the upper surface of the wafer
21 from a non-illustrated rinse agent supply nozzle so that
the etchant remaining on the surface cf the wafer 21 is
removed. After cleaning, in a state where supply cf the
rinse agent is stopped, the wafer 21 is spun to be dried
while supplying an inert gas, e.g., a nitrogen gas.
Subsequently, the wafer 21 is turned over, the wafer 21 is
held on the stage 22 in such a manner that the surface of
the wafer 21 that has not been subjected tc
etching/cleaning/drying processing becomes an upper surface,
and etching processing, rinse agent cleaning processing,
and drying processing are likewise carried out.
[0024]

In regard to an etching removal amount at this

smoothing step 12, 10 to 150 pm is preferable as a total

- 17 -



renmoval anount at a mrror polishing step can be greatly reduced as
conpared with that in a conventional wafer manufacturing procgﬁﬁi 41¥hen the
etching renoval anmount is less than a lower limt value, a flatness degree
HOf the front and rear surfaces of the wafer and a parallelism degree of
the wafer required as a product cannot be obtained, wafer surface roughness

cannot be: Shbf e ity fedbedcand, dhgn.Lle eiepioo.r sEOUEL gpupt exceeds

an upper tness degreel rorateds " and

product i vty i ny, waf gy ?ﬁ”ﬂ&aféuéeréﬁov poAdEd: WenohheosrpaLhing step 12

IS carrled out under e above-descri bed conditions, at ness degree

can be aﬁﬂé§V€HeWéEBHHﬁ?eféﬁ&%éﬂgaﬂoéﬂPoiQ'QQtsﬁépfgflnﬁltHEHhtHiQQ based

on grinding or the ik hat is a necessary step in the conventional wafer

manuf act UrhAge Pr 9CE88tne 59048 ret b8 EHebﬁrﬂﬁﬁeQn&hﬁéa£h§u§f§8@£eofhere the
snoot hing step using machining based on, e.g., lapping or grinding is

omtted haﬁebﬁgﬂeexahal@egaralpgnigﬂcaé@ﬁe@ﬂbh theswgrbpdbaRNbe but the
sliced wafer may be subjected to - 18 M.6415 |apping processing or

surface gehndhogdpr oeedstngnbel ¢f eat hetsppotbl hgwsheprA2sdepesdhnggon the
waf er shape after slicing in order to reduce a throughput per wafer, e.g.,
an etchi agepseZ2anebah airtbe sobbdthing sseppiliedfyea polibhsngcase,
perform ng the snoothing step 12 all ows reducing occurrence of a surface
def ect orramstap &oouwed ah anmiepotagealshayerstdee tennmbehoneagly

reduced as compared with that in a conventional wafer

manufacturing process. When the etching removal amount is

less than a lower limit value, a flatness degree of the

front and rear surfaces of the wafer and a parallelism

degree of the wafer required as a product cannot be

obtained, wafer surface roughness cannct be sufficiently

reduced and, when the etching removal amount exceeds an

upper limit value, the wafer flatness degree is

deteriorated, and productivity in wafer manufacture is

degraded. When the smoothing step 12 is carried out under

the above-described conditions, a high flatness degree can

be achieved without effecting a smoothing step using

machining based on grinding or the like that is a necessary

step in the conventional wafer manufacturing process.

[0025]

It is to be noted that the example where the smcothing
step using machining based on, e.q., lapping or grinding is
omitted has been explained in conjunction with this

embodiment, but the sliced wafer may be subjected to
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[0026] Subsequently, an epitaxial |ayer fornmed of a silicon single crystal
is formed on the surface of the wafer by epitaxial growh (a 3). It
is preferable for the epitaxial |layer to be forned by a CVD nethod”in view
of crystallinity or mass productivity thereof, sinplicity of a device,
easi ness of form ng various kinds of device structures, and others.

P o ot LPEOIRY BEoSLLLEOR. BY Liera ST IR RN Br GOl Bl W ePYp crb o' M

a raw mate conta ng SiTrcon, “e. g, Cl2, or

oo ace SphOrindbii 8D, [Rogoars| BLO-RATFACLET AN, PEEE BRAALI RBL 0P the

surface of the ware n gener at ed t her ma I on or

reductiongsp{-the (AW PRLE %3'rQéﬁce[Qogﬂ}ougﬁﬁﬁﬁoﬁékngaﬁgpligﬁglag?gf an

;
etchant to the Wafer surface in accordance with a shape of t r

surface ithlﬁbh%_H@é‘n%oﬁﬂﬁbé@stﬁécé&ﬁ@é%i’né@% i pg. theyuafen eyiface and,
since the snoot hing processing for the wafer surface is chemcal processing

of applyisgsan gtehanptitg the wabsrniMyt hesh 1mchudbpg AcaBehagi cal el ement,
occurrence of a - 19 M6415 surface defect or a slip forned on the

epi t axi al okayerefoe otoanmaghtabsgdseaschectredusedowWhbtRegaysi 8g al nost no
scratch or damage on the wafer. The epitaxial wafer can be obtained in
accor dancepitbhithi sagabodiusent, mabrieinga difference between a maxi mum
val ue of a wafer thickness and a mninmmvalue of the sane is not greater
than 1 mwaeaclan entire surface of the wafer is neasured.

Subsequently, an epitaxial layer formed of a silicon
single crystal is formed on the surface of the wafer by
epitaxial growth (a step 13). It is preferable for the
epitaxial layer to be formed by a CVD method in view of
crystallinity or mass productivity thereof, simplicity of a
device, easiness of forming various kinds of device
structures, and others. Epitaxial growth of silicon by the
CVD method is carried out by intrecducing a raw material gas
containing silicon, e.qg., $iCl,, SiHCl;, SiH:Cl,, or SiH,
together with an H; gas into a reactor and precipitating on
the surface of the wafer silicon generated by thermal
decompositicon or reduction cof the raw material gas.

[0027]

Contrclling application of an etchant to the wafer
surface in accordance with a shape ¢f the wafer surface in
this manner enables accurately smoothing the wafer surface
and, since the smoothing processing for the wafer surface

is chemical processing of applying an etchant to the wafer

without including a mechanical element, occurrence of a
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[0028] Further, according to this enbodinment, it is preferable to further
“include a mrror polishing step 14 between the snoot hi ng ste%éz‘gsnd t he
~epitaxial layer formng step 13 as shown in FIG 2, or after pi t axi al
layer formng step 13 as shown in FIG 3. Furthernore, since etching as
chem cal processing is carried out at the snmoothing step 12, a grinding

mar k or undul atio enerated by efffect' n chani.cal snoaot hi ng processing
such as ritdi el%%otorpraocﬁjﬂé’d, Oﬁﬂf‘%éﬁbet &R LFA% A H@%ﬁgjﬁ anount
does not .have to he taken.at the mrraor..polishi.n tep .14, thus reducing
the poli St AG Ferhov Caﬁ?m?rﬁ _re@ceé%%leed %utsh”’gg c,aarwjp inc?naﬁczr‘?&rfﬁ’f acturing
met hod, 3y %érriaﬂqfe? Ochuaéhlet Y, A0 be ﬂﬁ]r%re?ﬁviecdafxi%'lg Woacfc%urrrenc%eof a surface

def ect can be her Suppressed. rtor ol'l’s |ncgflnstep 14 may be a

t b : 1,50y he f - . of_th f
2 Do onyTIE o 9SO A1 RN (o surfpaas gl (e veler, one
£o, Suigcasshdde sele. Jhugoity (W U d GUm iR fIstE g

of a wafer main surface on or me MP may

be carried Ui i W d18aPest i tdedBid nurfack Hf 4he, vafigl Jih ected to
DSP. When performng the mrror polishing 14 between the snoothing step 12

and the gpidaxiad diy@icd PiMiKe sl s s hg renoval amount  t hat
is not smaller than 0.01 gm but not greater than 5 m per surface is

preferablgamsgja polishing renoval amount that is not smaller than 0.1 pm
but not greater than 1 m
Further, according to this embodiment, it is

preferable to further include a mirror polishing step 14
between the smoothing step 12 and the epitaxial layer
forming step 13 as shown in FIG. 2, or after the epitaxial
layer forming step 13 as shown in FIG. 3. Furthermore,
since etching as chemical processing is carried out at the
smoothing step 12, a grinding mark or undulation generated
by effecting mechanical smoothing processing such as
grinding is not produced, and hence much polishing removal
amount does not have to be taken at the mirror polishing
step 14, thus reducing the peclishing remcval amount. As
compared with a conventional manufacturing method, a
surface quality can be improved, and occurrence of a
surface defect can be further suppressed. The mirror
polishing step 14 may be a step based on SMP of polishing
the front and rear surfaces of the wafer one by one or a
step based on DSP of simultaneously polishing the front and

rear surfaces of the wafer. Morecver, in order to improve

micro-roughness of a wafer main surface on which a device
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is nore preferable per surface in SMP. Additionally, in DSP, a polishing
“renoval anmount that is not smaller than 0.5 pm but not great%@L% 20 pm
“is preferable or a polishing renoval anmount that is not snall an 0.5 gm
~but not greater than 15 pmis nore preferable as a total polishing renoval
amount on both the front and rear surfaces. Further, when perform ng DSP
after the epitaxial _|ayer form ng step 13, a_polishing renoval anount that

is not sralCEmetha™y. §2Y €355t &5 Qatte M itRak eFRRGts toprdefife or a
l'i shi | t that is _.not |1 th 0.1 t .not t
Phan 0. 5 oHeakoPd” Thiaraas & Ry ertest 30 B6T-sn g SRNALTRGTEon bot h

the front. and re HS%Hrfag§§. 0029 i.s to.be naqted hatdaéc | eani ng step

| t
may be o tegar §8 provinc(I’e be (%:r"geee tgffet SFOSEIN 0§ &5 8P ¥nidd odi nent .

Furt her MR 39 5 900 kAT he 0L g, SteR 47 and el ot he

epi taxi al “l"ayér form'ng ste i's ‘par t p I"é " t0 perform

cl eani ng a5l 2,8l CANING. ! i, NAYIINGABQXirdat i0n Fiedugiyg, ef feet and

t hen - carry out cleaning using a hydrofluoric aci olution in

order to R iG] anldey ILPE & SAMRIJY N dAN-sh IYAVRIES J1003Q)un (Exanpl es
according to the present invention wll 'now be described in é%tall t oget her
Wi th conparat iive RamuaSer ¥REIM 8 b but not greater than 1 pm

is more preferable per surface in SMP. Additionally, in

DSP, a polishing removal amount that is not smaller than

0.5 um but not greater than 20 pum is preferable or a

polishing removal amount that is not smaller than 0.5 um

but not greater than 15 um is more preferable as a total

polishing removal amount on both the front and rear

surfaces. Further, when performing DSP after the epitaxial

layer forming step 13, a polishing removal amcunt that is

not smaller than 0,02 pum but not greater than 1 um is

preferable or a polishing removal amount that is not

smaller than 0.1 pm but not greater than 0.5 um is more

preferable as a total polishing removal amcunt on both the

front and rear surfaces.

{0029]

It is to be noted that a cleaning step may be of
course provided before or after each step in this
embodiment. Furthermore, as cleaning after the smoothing
step 12 and before the epitaxial layer forming step 13, it
is particularly preferable to perform cleaning using a

cleaning fluid having an oxidation reducing effect and then
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A silicon wafer of 4)300 mmcut out froma silicon single crystal ingot was
“first prepared. Then, the single- wafer processing etching devi£%4 §pi cted
“in FIG 4 was used to performsingle-wafer processing etching wWth respect
.to the silicon wafer. As an etchant, an acid etchant containing
hydrofluoric acid, nitric acid, phosphori c acid, and wat er at a mxing

rati 0 of %}yl\cli\flagféypr %ghg%rué“i a8 %cﬁjr }pf) 'ac1 dg er —7% 30% 35% 28%

i n wei ght use ver | ng spee nd a 110w rate of

the etchantydo fe éfl]p_-péi&gtj_ n el V\a_aélga{ gciiyely controlled to 600

rpmand 5.6 liters/ mnute, and etching was effected for 90 seconds. An
et ching renoval anount in single-wafer processing etching was 30 pm on one
surface. After etching, pure wafer was supplied to the wafer surface to
perform cteammgs whi |l e spinning the wafer, and nitrogen was sprayed to the
wafer surface to dry the wafer surface. Subsequently, the wafer was turned
over, and[®ihg] e-wafer processing etching was carried out wth respect to
the rear surface of the wafer under the sanme conditions. - 22 M.6415
Then, an epit axtahpleayeicdordity of o atlse | prosest npheet s aki Wasndwr med wi t h
a thickness of 2 mon the surface of the wafer by epitaxial growh, thus
obt ai ni ngeandeepyilbad aln wadeall [ 0084t he xBxanp| eo@ra vatsi vé camam@ies . of 4) 300
nmcut out froma silicon single crystal ingot was first prepared. Then,
t he single- <Example 1>
A silicon wafer of ¢$300 mm cut out from a silicon

single crystal ingot was first prepared. Then, the single-

wafer processing etching device depicted in FIG. 4 was used

to perform single-wafer processing etching with respect to

the silicon wafer. As an etchant, an acid etchant

containing hydrofluoric acid, nitric acid, phosphoric acid,

and water at a mixing ratio of hydrofluoric acid:nitric

acid:phosphoric acid:water=7%:30%:35%:28% in weight% was

used. Moreover, a wafer rotating speed and a flow rate of

the etchant to be supplied in etching were respectively

controlled to 600 rpm and 5.6 liters/minute, and etching

was effected for 90 seconds. An etching removal amcunt in

single-wafer processing etching was 30 pum on one surface.

After etching, pure wafer was supplied to the wafer surface

to perform cleaning while spinning the wafer, and nitrogen

was sprayved to the wafer surface to dry the wafer surface.

Subsequently, the wafer was turned over, and single-wafer

processing etching was carried out with respect to the rear

surface of the wafer under the same conditions.
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waf er processing etching device depicted in FIG 4 was used to perform
"singl e-wafer processing etching with respect to the silicon %%risAs an
.etchant, an acid etchant containing hydrofluoric acid, nitric aci é
.phosphoric acid, and water at a mxing ratio of hydrofluoric acid:nitric
aci d: phosphoric aci d: wat er =7% 30% 35% 28% i n wei ght % was wused. Mreover, a

wafer rotati ngr}?@:?edal‘? Pt:LLP rgﬁ}g%f):foo%g%deéfhgn%ig)%gfi%slgrﬁ)@li ed in

. e .
etching were respective con rpman m nute, and

elohing uesself opl eded ol 0, saponds,. dpetoni poy namoyal il el

si ngl e-waf er processing etching m on one s

pure waf esr Wase SKppd+ 6dy Lo { e Waf ef r S aChyd Ook%)tﬁé{ﬁ)f clgani ng while

spi nning the wafer, and nitrogen was sprayed to e watfer surface to dry
the waf erosiffacer waebsequently, the wafer was turned over, and
singl e-wafer processing etching was carried out with respect to the rear
surface ofotdke) waf er under the same conditions. Then, SMP of polishing the
front and rear surfaces of the wafer subjected to single-wafer processing
one by one - ZBxahb41%5> was carried out. A polishing renoval anount based
on this SWMP was 0.5 pmon one surface, and a total polishing renoval anount
was 1.0 m on bdtHilheod renfeandf rgEar0 murdac esat: Firdrhes i Bi,can epi t axi al
| ayer fornmed of a silicon single crystal was formed with a thickness of 2 m
on the susimgke ofrysiea airyobywapi faxs al pgepatdd. t hllsen obtlad n$ gy her
epitaxial wafer. [00321

wafer processing etching device depicted in FIG. 4 was used

to perform single-wafer processing etching with respect to

the silicon wafer. As an etchant, an acid etchant

containing hydrofluoric acid, nitric acid, phosphoric acid,

and water at a mixing ratio of hydroflucric acid:nitric

acid:phosphoric acid:water=7%:30%:35%:28% in weight? was

used. Moreover, a wafer rotating speed and a flow rate of

the etchant to be supplied in etching were respectively

controlled to 600 rpm and 5.6 liters/minute, and etching

was effected for 90 seconds. An etching removal amount in

single-wafer processing etching was 30 pum on one surface.

Lfter etching, pure wafer was supplied to the wafer surface

to perform cleaning while spinning the wafer, and nitrogen

was spraved to the wafer surface to dry the wafer surface.

Subsequently, the wafer was turned over, and single-wafer

processing etching was carried out with respect to the rear

surface of the wafer under the same conditions.

Then, SMP of polishing the front and rear surfaces of

the wafer subjected to single-wafer processing one by one
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<Exanpl e
crystal i

3> A silicon wafer of 4)300 mmcut out froma silicon singl

ngot was first prepared. Then, the single- wafer prOﬁﬁigigg
I n

- device depicted in FIG 4 was used to performsingle-wafer p
etching with respect to the silicon wafer. As an etchant, an acid etchant

contai ning hydrofluoric acid, nitric acid, phosphoric acid, and water at a
m xi ng ratio of hyd ofluoriczﬁgyd:nitric aci_d: phosphoric

aci d: wat &1257642330k85 044504 it

e
et chi ng

g

1SRG ENYEd EMEoRErS % ARafdr S ot at i ng

speed an flowrate of the etcBgnt to _be suypplied i.n et.ching were
respect i \%e y bJaLcs'or(?[‘%’ol ed™t 61600 Y piArid afon.dg;“l i Og:l‘asl/ rﬁor%ﬂtsgl,magnd etching was

ef f ect ed

processi ng et

supplied

and nitrogen was spraye

Subsequentil icdrhe Maf1er Was dur ned Oﬂberrmecﬁmﬁtsﬂ ngligrMafRls s RIFOCLSS| N9

etching was carried out wi'th respect to t

e e T

i Ng was

After efghlﬁ, ﬂnwe waf er was

41 A% el & SUITARS < | QPRI Gl ieant g Wil SRia ng the vafer,

to the wafer surface to dry 't

the waf erorindgy dulterasan® cand tions _b-Eth‘ébitad&ieaqi tapdvh | aiRls formed

silicon single crystal was fornmed wt

of the wafefaiirepidraddpalt e Riatdus obtaining an  epitaxial wafer.
SMP of polishing the front and rear surfaces of this epitaxial

waf er one[dysxne was carried out. A polishing renoval anmount based on this

Mor eover,

SMP  was

0.5 pmon one surface, and a total polishing renova
<Example 3>

A silicon wafer of ¢$300 mm cut out from a silicon
single crystal ingot was first prepared. Then, the single-
wafer processing etching device depicted in FIG. 4 was used
to perform single-wafer processing etching with respect to
the silicon wafer. As an etchant, an acid etchant
containing hydrofluoric acid, nitric acid, phosphoric acid,
and water at a mixing ratio of hydrofluoric acid:nitric
acid:phosphoric acid:water=7%:30%:35%:28% in weight% was
used. Moreover, a wafer rotating speed and a flow rate of
the etchant to be supplied in etching were respectively
controlled to 600 rpm and 5.6 liters/minute, and etching
was effected for 20 seconds. An etching removal amount in
single-wafer processing etching was 30 um on one surface.
After etching, pure wafer was supplied to the wafer surface
to perform cleaning while spinning the wafer, and nitrogen
was sprayed to the wafer surface to dry the wafer surface.
Subsequently, the wafer was turned over, and single-wafer

processing etching was carried out with respect to the rear

- 24 -

e wafer surface.

e rear - 24 6415 surface of

of a

a thickness of 2 pmon the surface



amount was 1.0 pmon both the front and rear surfaces. [0033] <Conparative
* Exanple 1> A silicon wafer of 300 nmcut out froma silicon %%ﬂg+% crysta
-ingot was first prepared. Then, as a snoothing step, a non-il at ed
"grinder was used to perform double disk surface grinding (which will be
referred to as DDSG hereinafter) with respect to front and rear surfaces of
the silicon wafer. A renpval anmpunt at this DDSG step was 30 m on one

surf ace. S&fFSEGuEit INRe HRd engRdE (& £e8¢ §NRdéi NEs used to perform a
singl e di sk rface grinding step (which will be referred to as a SDSG
step herei naftsr Y éir?deé’l%@ﬁ‘g\?;l 1 nttoFechiod 8pse Ldcop S\M«ﬁfo gm on one
surface. Then, .DSP of sin%]tanﬁfusl%&p%!ishin %he front _and rear surfaces
of the WA Was "G dOEEFT KISE s G e&foral 2amBuml BiSed SR s DSP was

10 mon rf , t Qt.al | i shing.remyval .ampunt._was 20 m on both
t he fro%&eaﬁ% r‘%&%%&%% Zlg:.a&éu ls%%&é%?’l’y%h%O\cé))f%aﬁ&lingniaﬁlg - 25 M.6415
the front .egr face A C i.ed . A

pol i shi ngﬁaI:)(rglenccr%lo)(\r/laQL g%b%r# bzqggﬁota%%t'm%fgﬁysﬁgn%vc\géS%H%%%gn%{)}{?enets&r ace, and a

total poljishi ng refmual,r 3FuntJ1as, & W02 DU GthE ORI and T ear

surfaces. Additionally, an epitaxial layer formed of a silicon single

crystal vas firreditv t b 3 41Ritknes s fovd M@ ddte iddacs «@fi d kepnaf er by

epitaxial growh, thereby obtaini'ng an epitaxial wafer.
was 0.5 pm on one surface, and a total polishing removal

amount was 1.0 um on both the front and rear surfaces.
[6033]

<Comparative Example 1>

A siiicon wafer of ¢$300 mm cut out from a silicon
single crystal ingot was first prepared. Then, as a
smoothing step, a non-illustrated grinder was used to
perform double disk surface grinding (which will be
referred tc as DDSG hereinafter) with respect to front and
rear surfaces of the silicon wafer. A removal amount at
this DDSG step was 30 um on one surface. Subsequently, the
non-illustrated grinder was used to perform a single disk
surface grinding step (which will be referred toc as a SDSG
step hereinafter), and a removal amount at this SDSG step
was 20 um on one surface.

Then, DSP of simultaneously polishing the front and
rear surfaces of the wafer was effected. A polishing
remcval amount based on this DSP was 10 um on one surface,
and a total pclishing removal amount was 20 pm on both the

front and rear surfaces. Subsequently, SMP of polishing
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[0034] <Conparative Test 1> A particle neasuring device (SP1 manufactured
* by KLA- Tencor Corporation) was used to neasure each particle1%£$% IS
- present on the wafer surface and equal to or above 0.09 mwt g%ect to
“the epitaxial wafer obtained by each of Exanples 1 to 3 and Conparative

Exanmple 1. FIGS. 5to 8 showits result. [0035] As apparent fromFIGS. 5

to 8, 9 rticles were neasured per fer in Exanple 1, 11 particles were

neasuredg%ﬁbﬁr %eﬁn@nr@?&nﬁpéfﬁFefOOgngﬁcW@geﬁeF@enggéﬁpﬁﬁ“Bér waf er in

Exanpl e 3,. and 29 particles.wer.e neasured per wafter in Conparative Exanple

1, respectiveny M th p\ﬁé‘ﬂ%ﬁ&“&f@?ﬁﬁvﬁ EOOEREpEEE Y o B 15 FEFe s no

| arge difference in surfa fect _densi i_rrespecti.ve of a fer that
was not g{Jali eoc'{%e gnm%rrlreo%%ﬁ:%%’lcghi r‘?éldora Eg%v?/gflepo tlﬁ%‘tm\%astegﬁt‘)rja cted to

0" PRI Qe A N GACOLOXETH B SRR Lhd s U, O Lhe ol her

hand, in nparative - nple 1, al though a l'arge defect like a

311 P ves anots abserved. et s havsalied Shat e 6.4 5 3 dildr sncele

surface defective density en m croscopi cally conpare

<Conpar atd e tEas bya%> A iy GARKAG SUIHALE J Quahbness Jietele (R3L0Q _
manuf act ured by Chapnman) was used to neasure wafer surface roughness with
respect tgr the eRiftaxXirgl apafterxieht JIMRA Y thereby obtaining an

epitaxial wafer.

[0034)

<Comparative Test 1>

A particle measuring device (SPl manufactured by KLA-
Tencor Corporation) was used to measure each particle that
is present on the wafer surface and equal to or above 0.09
um with respect to the epitaxial wafer obtained by each of
Examples 1 to 3 and Comparative Example 1. FIGS. 5 to 8
show its result.

[0035]

As apparent from FIGS. 5 to 8, 9 particles were
measured per wafer in Example 1, 11 particles were measured
per wafer in Example 2, 10 particles were measured per
wafer in Example 3, and 29 particles were measured per
wafer in Comparative Example 1, respectively. In the
wafers according to Examples 1 to 3, there is no large
difference in surface defect density irrespective of a
wafer that was not subjected to mirror polishing or a wafer
that was subjected to mirror polishing, and hence excellent

results were obtained. ©n the other hand, in Comparative
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each of Exanples 1 to 3 and Conparative Exanple 1. Table 1 shows its
‘result [0037] [Table 1] Surface roughness Ra[ Angstrom Exa §y%
_Exanmple 2 0.9 Exanple 3 0.8 Conparative Exanple 1 1.3 (003 apparent
“fromTable 1, in the wafer according to Exanple 1 formed wi thout the

" smoot hi ng step based on machi ning, a result of the surface roughness

smal l er than .that of fer _accordiing.to. arative Exanple 1 as a
conventigﬁgw PrhSt Hod s 088 alné&fgﬁuﬁﬁﬁégt Rﬁgoggh 3ﬁpiﬁ@5 Rgger accor di ng

to ExarrpIO%S%r%% tgace rre%%%(irgi' %attot ererrp e Bdﬁ- ect ed t.o mrror

pol i shi ng, "the sur rou NAess is sma rfentcﬁel\ﬁl/af er

accor di ng, t¢ , Examle . (ljtvteh%ten\gq%&]gdgﬁeﬁgml%%%%%lo q IO ol 80 ng, and - 27

M.6415 it was reveal that an resu can sined when mirror
pol i shi nqdo%6qarr| ed out. [0039] <Conparative Test 3> The epi taxi al wafer
obtained in each of Exanples 1 to 3 and Conparative Exanple 1 was i nmaged
based on X-rakcoh@RRFARRY TG5> 9 and 12 show obt ai ned topographs. [0040]

A non-contact surface roughness meter (MP3100
manufactured by Chapman; was used to measure wafer surface
roughness with respect to the epitaxial wafer obtained by
each of Examples 1 tc 3 and Comparative Example 1. Table 1

shows i1ts result.

[0037]
[Table 1]
Surface roughness Ra[Angstrom]

Example 1 1.1

Example 2 _ 0.9

Example 3 0.8

Comparative Example 1 1.3

[0038]

As apparent from Table 1, in the wafer according to
Example 1 formed without the smoothing step based on
machining, a result ¢f the surface roughness smaller than
that of the wafer according to Comparative Example 1 as a
conventional method was obtained. Further, in each of the
wafer according to Example 2 and the wafer according to
Example 3 subjected to mirror polishing, the surface
roughness is smaller than that of the wafer according to

Example 1 that was not subjected to mirror polishing, and
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As apparent fromFIGS. 9 to 12, a large defect, e.g., a slip or a

- dislocation that can be observed based on X-ray topography mq@% t. observed
“in all the epitaxial wafers according to Exanples 1 to 3 and arative
Exanple 1. | NDUSTRI AL APPLI CABI LI TY [0041] The nethod for manufacturing an
epitaxial wafer according to the present invention can efficiently form an

epi taxi al, | ayer by appl.yi an etchant to a surface of a _ sem conduct or
waf er to'& hrFﬁgagﬁﬁfﬁggﬁ §n2§xcﬁﬂgﬁf§ LeFAsCan kenﬁpﬁédnﬁgr
manuf act uri ng_an_epitaxi. conpri.ssing: a snmoothing step of

~waf X
control | "i§ apptir&at £6 1%%1?% §%t8ﬁ55899005%mafer surface in accordance with

a surfac%oogggpe of the silicon wafer to snooth the wafer surface; and an
epitaxial T'ayer formng step of formng an epitaxial |ayer forned of a

silicon §hg%%%r%%g§%a% QR the surface of the wafer based on epitaxial
growt h. 2. & et hod for manuf acturi ng an epitaxial wafer according to

claim 1, wheregija teﬁaﬁt%szq%tlhkﬂa&e%} 8Bt nedl ihedacfub 2 Bc%hgﬂe%l heipg step of

slicing a silicon single crystal ingot to obtain a thin discoid wafer. 3.
The met had hef CoRRIAGHNE B3R 18P1T @5isali AREEr badeeOd RYAQ claim 1 or 2,

further conprising a mrror polishing step between the snoothing step and
the epit agpalgrapayer faGE.ng shep 10" sabhebbithe nell tapcyrapayer form ng
[0040]
As apparent from FIGS. 9 to 12, a large defect, e.g.,
a slip or a dislocation that can be observed based on X-ray

topography was not observed in all the epitaxial wafers

according to Examples 1 tc 3 and Comparative Example 1.

INDUSTRIAL APPLICABILITY
[0041]

The method for manufacturing an epitaxial wafer
according to the present invention can efficiently form an
epitaxial layer by applying an etchant to a surface of a

semiconductor wafer to smooth the surface.
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step. 4. The nethod for manufacturing an epitaxial wafer according to any
-one of clains 1 to 3, wherein the etchant wused at the snnothé&géﬁﬁep is an
“acid etchant, and the acid etchant is an aqueous sol uti on con 1¢4Ped of
_hydrofluoric acid, nitric acid, and phosphoric acid and containing
hydrofluoric acid, nitric acid, and phosphoric - 29 M6415 acid at a

m xi ng ratio of hydrofluoric acid:nitric acid:phosphoric acid=0.5 to 40%5
to 50% 5 to 70% 5. The met hod foﬁﬂﬁ§ﬁﬁ?acturing an epitaxial wafer

according to an e of clains_1 to 4, wherein_the_ .snoathing step is
carried EUt bg %SEQPgnSOanﬁnHSPF%BHFQP afi FBLEREAAL y?%SFe thin discoid
waf er obt%hp%q 9¥_slicing a silicon single crystal ingot and supplying the
aci d et chan f0'Phe surface of the rotating wafer to spread the supplied

et chant on thg EREEEEiﬁérggggp?% Eggt@§g$%nggggogggkkggg%% a;lorce. 6. The

met hod for manufacturin axr al g to-any one of clains

L to o whehehp tront ,and, Leat uriaces glabieesihtaon waten gre smothed

7. The met h nmanufacturing an epitaxia er "according to any_one_of
claims 15h@p6, owhehel 31 1Wheh Al fe@Nkbl 8m8BEHACROlaRMRRUIACLYr ed gPi t axi al
wafer is neasured, a difference betmeen a maxi nrum val ue and a° m ni num
val ue of a thixgkRessa@hattheayakerorhiRgt sgepaber rokthanglam - 30

epitaxial layer formed of a silicon single crystal on the

surface of the wafer based on epitaxial growth.

2. The method for manufacturing an epitaxial wafer
according to claim 1, wherein the smoothing step is carried
out after a slicing step of slicing a silicon single

crystal ingot to obtain a thin discoid wafer.,

3. The method for manufacturing an epitaxial wafer
according to claim 1 or 2, further comprising a mirror
polishing step between the smoothing step and the epitaxial
layer forming step or after the epitaxial layer forming

step.

4. The method for manufacturing an epitaxial wafer
according to any one of claims 1 to 3, wherein the etchant
used at the smoothing step is an acid etchant, and

the acid etchant is an aqueous soluticn constituted of
hydrofluoric acid, nitric acid, and phosphoric acid and

containing hydrofluoric acid, nitric acid, and phosphoric
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acid at a mixing ratio of hydrofluoric acid:nitric

acid:phosphoric acid=0.5 to 40%:5 to 50%:5 to 70%.

5. The method for manufacturing an epitaxial
according to any one of claims 1 to 4, wherein
smoothing step is carried out by rctating in a
direction a single thin discoid wafer obtained
silicon single crystal ingot and supplying the

to the surface of the rotating wafer tc spread

wafer

the
horizontal
by slicing a
acid etchant

the supplied

etchant on the entire surface of the wafer by a centrifugal

force.

6. The method for manufacturing an epitaxial

according to any one of claims 1 to 5, wherein

wafer

front and

rear surfaces of the silicon wafer are smoothed.

7. The method for manufacturing an epitaxial

wafer

according to any one of claims 1 to 6, wherein, when an

entire surface of a manufactured epitaxial wafer is

measured, a difference between a maximum value

and a

minimum value of a thickness of the wafer is not greater

than 1 pm.
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