M_.64 15 DESCRI PTI ON METHOD FOR MANUFACTURI NG EPI TAXI AL WAFER

TECHNI CAL FI ELD [ 0001] The present invention relates to a nethod
for manufacturing an epitaxial wafer that applies an etchant to a
surface of a semiconductor wafer to smooth the surface, therddf6415

i rproving efficiency of formation of an epitaxial |ayer. BACKGROUND
ART [ 0002]

DESCRIPTION

METHCOD FOR MANUFACTURING EPITAXIAL WAFER

TECHNICAL FIELD
[0001]

The present invention relates to a method 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 i1s 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



As shown in FIG 13, in a conventional nmanufacturing process for an
epitaxial layer, a distal end and a proximl end of a grown silicon
single crystal ingot are cut off to provide a bl ock shape, anpﬁg%?{

di aneter of the ingot is ground in order to uniforma dianete he
i pgot so that a bl ock body can be obtained, an orientation flat or an
orientation notch is fornmed to this block body to indicate a specific
crystal orientation, apd then the_block body is sliced with a
predeterniﬁ%&Ga gFet it e 2l §oyS  BAtRXF O PeG iF6RT( §UEERpea) .
A waf er peripheral .portion of the.sliced wafer is .chanfered to_avoid
a crack or °%& EﬁFpsﬁgl??ﬁaw %5’H@epﬁpﬁﬁ?ngfkﬁt?Qﬁ?%ﬁ§a§Fe6 gpoothing

Subsequent | doyb i S ce [Malell I i 1] .be.ref to
as NL64;5§%B§GR%e%§?ﬁa?¥ér;ﬁ%ﬁztSgﬁbggsgg%%ng4¢%%ﬁg &%&ggéés g%% aces
of the silkgan wafgbrtrde (@ QWdrss ARPLISLrAS 2 SIMOLNIBGSERR (2
step 3). Then, single disk surface grinding (which wll be referred

to as SDSGihrenei battesd dhwte ald ane WheeiredtbS WiAGR dlroRg16fist Hige
wafer to be ground or allows the front and rear surfaces of the wafer

t o be grourdooneahy oesrisurddsediothe(waséepcd)be Sthseduent| yy
doubl e di sk surface polishing (which will be referred to as DSP
her ei naf t eopet hat carrbed gt hia lsdepr dnt afdbseqrersiinf,acesbdt thek
wafer to be sinultaneous|y polished is effected (a step 5). Then,
si ngl e di sSRUSEAFSCRCpoFiEH ng/hdisi &8 1k e beferred ried aso U85 SWP
hereinafte&) t hat gllomg t he front sugface al one of the wafer to be
pol i shed of'®AFLBRETERE Fahnt®HhRYsy BRINs GRF abE_N biatiche SRkt SPIEACRE
polished o o] i rried a_st 6).. Eurt her, en_an
ol taxt ol aFenBfet s 8" il vebRahb Ty St e " mptdehad v
surface of th f ervRy, epd {:AxiAlg Q50 AN ired;
epi t axi al ﬁgfgrg@an be %b?%f%gﬁédf%%o%%?fééeSé%ﬁﬁ%%¥¥ﬁtﬁ§aCh fin1

conventionge wafubachurd ngs Eacesshagrtbe) fohlow g ebleePront
When machi ning processing, e.g., slicing or grinding is applied, a

mechani cal staifage eloae n®fhind nGfeer abChei fohegiassad lat ioasnedeon t he
wafer. Since an epitaxial |ayer form ng step based on epitaxial
growh is £rpndcesd that mmplasiszes dhscwafeh oo lee daridghedacne by
distortion of a crystal lattice) present on the wafer surface, a
crystal defod@t 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,



M_.6415 e.g., a dislocation or a stacking fault occurs in the
epitaxial layer with a defective part caused due to machini ng
processing such as grinding as a starting point, and this defﬁﬁt i§
elicited as a surface defect on an epitaxial |ayer surface in
cases. Furthernore, when a scratch or a machi ni ng damage caused due
to machining processing is serious, a slip may occur in the forned
epitaxial |ayer. ENQ%§ ver,. since the ngnber of steps to manufacture

an epit axi & 9-ayér PSRHGPD 2% Br §GERPLET T SV Hd REHTEndPatBBst i s
d. 04 d l th bl th
rersases, La0gal,, el heuts doceelug L5 ollem here s
h t f
Single ﬁﬁ'yﬁ“t%gtl%ﬁﬂﬁ PERCR el RS o BELHaPAE RO @ M HAgTpgEhLOn

substrate; a@dstﬁ@so&egéé@czts ng \Watel agl !aSQuf‘ﬁac@ﬂﬂet%d%%hSthg step
using an abrasive in the nentioned order (see, e.g., Patent Docunent

1). In thiepiekhod]disgéosed farPaherbmPocyses! Ipuatsidnosen shegl £
crystal substrate before the vapor growh step is obtained as

foll ows. Fiscgietch skl & coaclsimigle dampgkakatnagotdus tcutmachtiaiagbl ock,
subj ected to external -di aneter grinding, and then sliced.

Subsequent [PFocgegsenyr L frssonidst-h aswlfizcrsyobceiwe 1 itded foiriedon

single crystal wafer_are chanfered, and then both the surfaces are
| apped by E®H§*aclobd¥cabr A9GRAOVEThe SEBPRI bRe eI 91 HivePselici n an

etchant to che |1y etch both the surface t hereb ni n
cherm cal |y TCGASBUEY PR BN TR Sen o TAFS: &t HUAPEE T8
deternlnedr%%ﬁggﬁl h¢.§055§%'ﬁg %E%F%S%%d substrate, and a silicon

single crysta mis grown fromvapor on this substrate. In
t he met hod diggghosed in Patent Docunent 1, occurrence of a scratch
defect due to a protruding defect forned on the surface of the

vapor - grown sil r1608rakAgte £4mad admtshgaofatbm Ceeke IRRLRISEEd and a

hei ght of this protrudi ng defect can be reduced.
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 cobtained
as follows. First, a silicon single crystal ingot 1s cut
into a block, subjected fto 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



Pat ent Docunent 1. Japanese Exam ned Patent Application Publication

No. 2002-43255 (claim 1, paragraphs [0006] and (0013] to [0015])

D SCLOSURE OF | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0005]
However, in the manufacturing nmethod disclosed in Patent Docu 13
since imersion type etching is carried out, an entire wafer surface
iS uniformy etched, control over a renoval amount in a wafer plane

to effect shape control, e.g., obtaining a predeterm ned surface

shape cann8tCB8dpiFF nedip ShRELER LY apkchethd'af@icd sadetpratred
state, e.g

i flatpess degree is hard to be inproved even,though it
may beconeaﬁoggs Bé?%?%?I%&%ﬁiﬁgFﬁ#?ﬁagnﬁﬁéﬁt¥§1 e Gusidtepn
Further, s Ln I s ed_o hini n e.g.. | ing is
appl i ed beggggméa%5£§g%gaihggggﬁﬁeggiBF%%% %?ﬁbﬁ@ﬁ§¥8§PaFg? infilm
a mechanic ! or i~Rg assa i n the
waf er, NL%EFgegﬁggbcaﬁ?ggﬁggggﬁbg g%%?g%%gagﬁgct oPtabS??%g?grﬁ%d on
an epi taxi akchayehicannal Re=2hf beirent! yus edbiced e RgUEbrect

subsequent water polishing or polishing using an abrasive’'is applied.
formed on the surface of the vapor-grown silicon single
crystal thin film can be suppressed, and a height of this
protruding 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 INVENTICN
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, swmoothing processing based on
machining, e.g., lapping is applied before vapor growth of
the silicon single crystal thin film, a mechanical damage

or a processing scratch necessarily occurs on the wafer,



It is an object of the present invention to provide a nmethod for
manuf acturing an epitaxial |ayer that applies an etchant to a surface
of a sem conductor wafer to snooth the surface, thereby reducing
occurrence of a surface defect or a slip formed on an epitaxi al

| ayer. MEANS FOR SOLVI NG PROBLEM [ 0006] The present inveM&fs
have reveal ed that perform ng a snoothing step of applying an etchant
to a silicon wafer under specific conditions or an epitaxial |ayer

form ng step allows reduci ng occurrence_of a surface defect or a slip
formed on &R9ePFERXTEICE ffer surfacepgefpesaiit 3 MRt CBANPR OV IS a

Ctep of CORPROHFF HDTT CAPIOR BF GHEBLeHEi A N SCaRdaRES WAfPh
f h i d fer . . fh f f , d
bt ol Loy ar P plRRh b SEOAL S Ao dh FEF e Rl T

a silicon §gna%§l§éd§tal on the surface of the wafer based on
epi taxial growmh. EFFECT OF THE | NVENTI ON [ 0007] M.6415

It is an object of the present invention to provide a
method for manufacturing an epitaxial layer that applies an
etchant to a surface of a semiconductor wafer to smooth the
surface, thereby reducing cccurrence of a surface defect or

a slip formed on an epitaxial layer.

MEANS FOR SOLVING PROBLEM
f0006]

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

[6007]



The nethod for manufacturing an epitaxial |ayer according to the
present invention can denonstrate an effect that controlling
application of an etchant to a wafer surface in accordance with a
shape of the wafer surface allows snoothing the wafer surfaceML6415
Furthernore, since the snoothing processing for the wafer surface is
chem cal processing that applies an etchant to the wafer w thout
including a nechanical element and a scratch or a danmage rarely
occurs on the wWaPRrTeRUAFENEENSLaGLUGIRACK diTidAxIge aagPFp for ned

et 1 GBS R R
met hod foreg?QHEaEﬁé%' Ak 18R1LA h%ﬁ E@%fég Ord' 9ptaya

enbodi nment e presen iventi V|eM/gh%mﬁng a

met hod for ,omauf aglfLlong .an, &pjdaxial wm@ﬁe% %yacg% Qﬂfﬁ%feowa@g her

enbodi nent of the present invention; is a view show ng a

met hod for sgeEHEachLTdwg %c&mm@xmb water e« ng Eﬁl@tﬁbl’ﬂn&re,
anot her enbodi nent of the present invention; FIG 4 is a view

showi ng a $I1ngbetMEfmoqﬂrm$r@@eﬁ3}smﬁgefcfllﬂgadmlﬂeﬁe,surface G 5
is a view showi ng a surface defect evaluation result in a surface
| ayer of amshepiitakipfotessimaddeidapglies an etchant to the wafer

without including a mechanical element and a scratch or a
damage rarely occurs on the wafer, occurrence 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 a2 method for manufacturing an
epitaxial wafer according to still ancother embodiment of
the present invention:

FIG. 4 1s 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



FIG 6 is a view showi ng a surface defect

M_.6415 to Exanple 1;
in a surface |layer of an epitaxial |ayer according

eval uation result

to Exanpl e 2; FIG 7 is a view show ng a surface defect
eval uation result in a surface | ayer of an epitaxial |ayer ac¥bffilhg
to Exanple 3; FIG 8 is a view show ng a surface defect
evValuation result in a surface | ayer of an epitaxial |ayer according
to Conparative Exanple FIG 9 is a view show ng a topograph

of the epi tQxFEFTRN e/ accordlng to Exanple 1 i maged based on X-ray

tegf)f g;?gry\’/vafer %\%coéral $§ véseﬁiﬁﬁ%\?gl‘;h%)rﬁti%&cﬁa%@%%ﬁp?v? ’ﬁ/"’t‘@leon

topographyiesult in a surface layer of an epitaxial layer according
to Example 2}

FIG. 7 is 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 i1s 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 topodgraph 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 to 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]



FIG 11 is a view show ng a topograph of the epitaxial wafer
according to Exanple 3 i maged based on X-ray topography; FI G
12 is a view showi ng a topograph of the epitaxial wafer according to
Conparative Exanple 1 i maged based on X-ray topography; and

FIG 13 is a view showing a conventional nethod for manufactuMi®§lan
epi taxi al wafer. EXPLANATI ONS OF LETTERS OR NUMERALS [0009] M.6415
11 slicing 12 snoot hi ng processing

11 slicing
12 smoothing processing
13 epitaxial laver formation

14 mirror polishing

BEST MODE (S) FOR CARRYING OUT THE INVENTION
io010]

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 to 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. B2An orientation flat or an orientation notch is
formed to this block beody te 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 rod axis direction {a step 11).

[0011]

Irreqular 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 of 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 tc this embodiment, this



13 epitaxial layer formation 14 mrror polishing BEST MODE(S) FOR

CARRYI NG QUT THE | NVENTI ON [ 0010] The best node for carrying out
the present invention will now be described with reference to the
acconpanyi ng draw ngs. First, a distal end and a proxi maML&AH of

a grown silicon single crystal ingot are cut off to provide a bl ock
shape, and an external dianmeter of the ingot is ground to uniforma
di aneter of the jngot, thereby providing a block body. An orientation
flat or anS%@PE#&%ﬁlﬁﬁ?Huﬁﬁ§ﬁdl§nf@@ﬁh$P¥Q9tﬂﬁ o8 gertpsEgdt c2hdi cat e
a specific stal orientati After this process, as,shown in FIG

1 “the bl oBRPHEGREI @ &17 B SREPATE 7 cbiEh S ROREd X6 oL B ferelen
to a rod ayis.direotion (3 &egu%%éce Q48] aceor Shiregul an, Layers on

front and rear surfaces o P&l o i1 E6n Swafar® pr in a
process SUEHeaéaééf<%d£k5@é61%feﬂegt9éwwléne ng'ng’ e.g., grinding
or lapping to enhance a fl atness degree of the front and rear
surfaces ofiobhgiwafer and a parallelismdegree of the wafer in a
conventional manufacturing process for a wafer, but in a
manuf act uri ng nkt hdce aseatdiing toephi s, eﬂ&mﬂbdﬂdﬂ,laybts on both

front and rear surfaces of the silicon wafer produced at a
step of, e.qg., 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 removed. 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 source 24, e.g., a motor that is connected
with the stage 22 wvia 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 ﬁrocessing etching device

20 has etchant supplying means 26 for supplying an etchant,



M_.6415 snoot hing step based on nmachining is not perforned, and
application of an etchant is first controlled in accordance with a
silicon wafer surface shape after slicing, whereby the wafer surface
is snoothed (a step 12). [0012] At the snoothing step 12ML6415
irregular layers on both front and rear surfaces of the silicon wafer
produced at a 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 par aPl BPF&h¢ degree offecRrévaaf Bre Fhphardr dsea, thhsattekantd | ayer

troduced_due. t . bl ock cutt
ext ornal - APARGLEPG ARG . GPEL RELSREE A Sy SFENREC cbipFae ofyfer

removed.  Noj eoyero, 1o wise gh R Rchd glahat, a3 An ehehant il zed

i n snoot hi | ows control sSurface roug hes

[0013] no;_rmé SN004AY 10 584,80 %@::ﬁoﬁaég'ﬁ%ﬁ%sfexfﬁeégn such an

et chi ng device 20 as shown in

processi ngp@&Qbicﬁhg/rﬂﬁ%én(é%tzgfdﬁﬁbcﬁﬁﬂzlé\ I EEE) p%r*&%nazét agﬁdZ&éJ@t
supports a wafer 21, and a rotation driving source 24, e.g., a notor

that i s comaebtesl adrdtittheeshagel@2pys bt ford aicartyoshahly R3amadiari ves
the stage 22 to rotate through the rotary shaft 23, and these nenbers
constitut efoathe mqnzﬁq;hgsmeaqgtzgp 28 are provided a mechanism that

adjusts an angle of the nozzle 27 with respect to the
nozzle base portion 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 contrclling means 32 that controls the number
of revolutions of 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 portion 33, e.g., a CPU and a plurality ofA
memories 34, 35.... Reference numeral 36 denotes wafer
surface detecting means that utilizes laser reflection on
the wafer surface based on a laser reflection mode to

measure irreqularities on the wafer surface. The detecting

- 10 -



[ 0014] Mor eover, the single-wafer processing etching device 20
has etchant supplying nmeans 26 for supplying an etchant, M6415 a
nozzl e 27 that receives the etchant fromthis etchant supplying neans
26 and bel ches out the etchant to the wafer 21, a nozzle baseMbé#td on
28 that novably supports this nozzle 27, and a guide portion 29 that
réstricts a position/mvement of the nozzle base portion 28, and

t hese nenbers copstitute nozzle position controlling neans 30. To the
nozzl e basBepBFtToPB MRS USE0G Haler weeiash shaPgagsadusts an angl e
of the nozzlg?z espect e npzzl e base paortion 28

i t.h . ,
mechani sm th p% ﬂ%&éi'vﬁﬁﬁ &ﬁ%gﬁﬁgi??%ﬁgcéiﬁPQﬁQQP&P Eha Bfn?fk?
nozzl e 27 &59Q}tégégg§§§h§$£tcﬁgg aﬁg§¥gaqé§p1that swi t ches

[ e an

di schar ge/ non-di arg the efc fromthe nozzle 27, and these
menbers congbityte discharge state controlling neans 31. [0015]

The etchant supplying means 26 supplies an acid
etchant to the nozzle 27. The etchant supplying means 26
may previously mix acids at a predetermined mixing ratio to
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 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 portion 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 centeerf the wafer 21 whilst the other end

_11._.



Addi tionally, the single-wafer processing etching device 20 has
controlling nmeans 32 that controls the nunber of revolutions of the
rotation driving source 24 to set a water revol ution nunber, controls
the etchant supplying means 26 to specify a supply state of tN&6415
etchant, and controls the nozzle position controlling nmeans 30 and
t he discharge state controlling nmeans 31 to set a state/a position of
t he nozzl e S controllin&ongans 32 has an arithnetic portion

0

7. T
33, e.g., ﬁgwgnﬂs 2 PIRASS ebnbiFakle4n gshorizppfatence
| 36 f d i th tili |
rurerel’ o005, et r it ocs et s, iUt LS ase

measure irpegutasie ess o tiheniah ey §H{]€r<§f@d e n%%%e%i 98 15 fdme

neans 36 may neasure a wafer surface shape as an I ndependent device
Wi t hout beudngedt sPoserl tre g5 ngl. e- waf er processing etching device
20. [0016] The etchant supplying neans 26 supplies an acid
etchant to the Tbzzdes&argihetatehaoht sopplyd ngameand Basmaygle
previously mix acids at a predetermined mxing ratio to prepare the
aci d et chaagiuatinhareanppihatt he acruided hanttieo norelrobake Bdrton it
may separately supply acids to the nozzle 31 and then m x them near
the nozzl e<813nd adjugts (34 35@22l €Tpbhet 1ok Mithngempass B8O, the

id ti 29 that trict. t of th zzle b ti
35 runb 1 hEBBGRO BT DU DR CER P oRCLFEt Ve G121 SaRBSEpEoF (s he
le b [ : I 7 [ I
i rection GO PRe ar o SPHTRE TR RS, Pre O SRRERHR bR BnboRbRa

confi gur at bon£byn Wk ENyd fier 19221.8.abas e, POL th &Y, 38, 48R ARKREN
| ength direction thereof. A position of the nozzle 27 with respect to

t he rotati anathaené aiofdiditawaieet £2Ehe agt Bearsetf leas eBeOfodz BVETENL
position of the nozzle base portion 28 in the length direction of the

gui de port FomtRermdhe, noxnxtly Hase pbet eboh8t mprd yiecharssm Ehatay

Toves 1N 118 Wil fihed withasl providing the Daive body,
[oois]

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 memories 34 and 35
use the detecting means 36 to detect a surface status of

the wafer 21 before processing, and store this data.

Incidentally, in regard to this memcry data, the detecting

- 12 -



[ 0017] Further, the guide portion 29 may have a structure in
whi ch one end thereof is provided to run through the rotational

center of the wafer 21 whilst the other end M.6415 thereof ig
supported to be rotatable in a horizontal direction and the n L o7
t hat noves when the guide portion 29 is horizontally sw vel ed can
nove in an in-plane direction of the wafer 21. The di scharge

state controlling nqg s 31 has ngle dj usti ng neans that .| ravi ded

at the noz%nlegnts)asaéypo%efco 32§u§%8 8dfﬁ§%§sajrp 9 Cthlhﬁz%‘ 27
it h J i oh g )

For ad) uot feced FOMbR At s Rttt ARl HLOM e MRl o LOS oA

fromthe waher dédec@iity datdlsV @aROd¥ bRl 2 SWALENES status every given
di scharge/ non-di scharge of the etchant fromthe nozzle 27.

Fur t her nor epmbeppdy wafund e elkbhaft ofupPhyt Ngh TN SNA6 rEBY1 BEnt
swi tched wi thout providing the valve body. [0018] The

control | i ngafreanay 32 ref®ad,| east aoneedryottiiain stforegiaesuwdfiee
shape of the wafer 21 before processing, a nenory that stores a

posi tion offa¥hbeendeReE ey iandcerrdaph ngl it #ach dnuskpr prt Batast ores
a di scharge anount, of the etchant and an etching state, and a nmenory
that storeSSA1BRAPE ACTHEANECe VLT aFYI FFeRCY (off eedREE BRY &b
processingug% the nenories 34, 35 ..., and has the arithmetic portion
33 that calcupétes t hese contents to obtain novenent of the nozzle 27
and a discnggg]state of the etchant. It is to be noted that the
menori es 34 and 35 use the detecting neans 36 to detect a surface

status of the wahesrd@dr bef Ar@cthoeassivager and St o thingi1dabarer
Incidentally, in regard to this nmenory data, the detecting
processing etching device 20 according to this embodiment,
the detecting means 36 is 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
centrolling 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 controcl by the controlling means 32.
Furthermore, the contreolling means 32 allows the
etchant supplving means 26 to supply an etchant having a
predetermined composition to the nozzle 27, controls the
nozzle position controlling means 30 and the discharge
state controlling means 31 to control a state/a position

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

is belched out to the wafer 21.
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M_.6415 neans nay detect a surface status in accordance with each
wafer to be processed and resultant data may be stored, or the
detecting neans nay detect a surface status every given nunber of
waf ers on behal f of other wafers and resultant data may be st¥HL&d15 or
a convex portion of a given wafer nay be detected in accordance with
each ingot, or data defined in accordance with each category of
waf ers may &g ed. [0019] In order to snooth the wafer 21 in
t he singlei ?@ processi ng etching device 20 according to this
enbodi ment, the,detect.ing. _neans %6?%5 i rst i vide

o]

f ed.to d rface
of the wafer 21°7THt 5 %1 TPAFMED r BT Oszz;%d%r?eégufgrﬁl%%r?%g%@y

shape, thi%s@?iﬁ&%iéﬂ‘é&@ﬁ% 3%, 599;§e§§rg§%%?§p BQEEEHQaﬂﬁgfgyﬁégfor

controlling a shape of the wafer n etection d

stored in bherMER®M®s 134 2aNdn33. radial dhebtihe wak8E RdfésS from
supported on the stage 22, and the rotation driving source 24 drives

this stagetB2 vef¢ovtadredinder aceptedl obyaghedantedll ong peans 32.

Furthernore, the controlling neans 32 allows the etchant supplying

means 26 tpngappdyd anitdt cmarndhavi hge anpz 2deth eied dehpuositédred o

t he nozzle 27, controls the nozzle position controlling means 30 and

the di schaPgEUBRAAEIRDMNIG i R RREASCB 100 RbMecdPracstiee/n the

posi 11 on ands2.fi sehange, LR 0L LheNOFALS Gl 2Pt hPe, Stofjant i
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 laver on the wafer surface,
and scatters as droplets from the outer rim of the wafer.
[0021]

The etchant used at the smoothening step 12 is an
aqueous sclution containing hydrofluoric acid, nitric acid,
and phosphoric acid. Moreover, a mixing ratic of
hydrofluoric acid, nitric acid, and phosphoric acid
contained in the agueous solution is defined as
hydroflueric acid:initric acidiphospheoric acid=0.5 to 40%:5
o 50%:5 to 70% in welght?. When this mixing ratic is
adopted, a viscosity degree ©of the etchant becomes 2 to 40
mPa-sec and a surface tension of the etchant becomes 50 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 wvalue, the viscosity of
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M_.6415 [ 0020] Hori zontal novenent of the nozzle 27 is carried
out by oscillation along an arc described by horizontal driving over
the nozzle 27 in a radial direction of the wafer fromthe wafer
center at a speed of approximately 0.1 to 20 mmisecond with aML&A of
the nozzl e 27 being determ ned as a supporting point, or carried out
by reciprocation in the radial direction of the wafer fromthe wafer
center. The etchant supplied to an upper surface of the wafer 21

gradual |y mBFeslfiin & idCerlo¥entBe Steiatovidicd &owafErrBad epnkq m
side by a centrifugal force qf rotation of the wafer ile etching an
af f ect ed I§§%ru%%efﬁﬁhﬁg 5?oguF%SCE?%%ﬁdl%éﬂ?V§P§t§%yggEBV%t%u?ron1
the outer %w}no’éhél%mf ura0828) pe cegmﬁ}g%ﬁa%rﬂgedaé@ fhe.
smoot hening step 12 i's an aqueous”sol ution contal ni'ng hydrofluoric
acid, nitriechghel, cabtPhRIRRRMLG ARH dsuMf @Ry BoleXiAgo! 8bhOs&f
hydrofluoric acid, nitric acid, and phosphoric acid contained in th
aqueous soltithothé swaldr ned ragehydnot bbpricswadind B OFEicient

aci d: phosphoric acid=0.5 to 40%5 to 50%5 to 70% in wei ght% Wen
this m xi ngtehiho Teneudptaadund tekesstime degred tdihat he et chdmttion
becomes 2 to 40 nPasec and a surface tension of the etchant becones
50 to 70 dyRePERfL@RhE Hehce Mnsths pPrefesdly dlawyeensroeedf| atness

degrees of front. and rear surfaces of the fer and a parallelism

degree of PRB®hatdLit e’t'héﬁ“\‘?i ELGRARY Uﬁé@% grloé??dt R3AC atPower
limt valu e_vlscosity of 41 e liquid s too lLow the

et chant t thf%gss%#%ap)%%aétoa t oopﬁgﬁp‘g%%‘grs ut tHEce &urtftﬁgevé%rai Qong

| medi at el ¥iRLoo oMl fdBdife, W gr %?Héé g@@sigg-ﬁl%ec‘aphr Lhugdler

force, and the etchant cannot “uni y a ficiently come Iinto
contact w pbhrtipreraf eshasold agetnehpaeby asswt Ng: acswk-bhekgnt etching
renoval anount takes tinme, resulting in a reduction in productivity.
Wien t he virssotiyg degrae iexoesdaiancaepperddtianionsaliva, ihhehet whdat
that has dropped onto the wafer surface stays on the wafer supper
surface foflatheag degredheydennébessitfacanermnte ign legspthae dirl
an outer peripheral, K shapes of the wafer cannqt be controll ed,
resul ting rAYER tHRDNVEH Bicdh6r SHeharFof it difS roreefaPBECf i ness
degree. Wien_.the surface tensi.on.is _l.es h t he | r limt value,
the ot chant SRt VBES ATORHER ot 4 PRATAAPEY war oy Faon [o¢ Warek
i medi at el w,blgup Pyt fd 0&@;}9}3 f\&@%gr £8HEL aC: BYL G %%@tfwnlfg hng

and su W

a
force, it cannot uniformy iciently come into contac th
the wafer suffaseenwheraine assy cBgracsufiitgi @l LI rareppyal
amount takes tine, resulting in a reduction in productivity. Wen the
surface tewheapbexeemasi mn aippdficiight wbathimg thanetadhaabuhbata bas
dropped onto the wafer surface stays on the wafer upper surface for a
long tine Béfendragebssnd yin andehentecanineprdutisiidvan Hoewrthe
peri pheral shapes of the wafer cannot be controlled, resulting in an
i nconveni efEETBFE dBERFIUF RHEGFUSn 2BPhEPRET ef 11} it TS défrebtchant
rof l uori ¢ .aci ric_ackd acid. and

nconveni eAEE-8F< e _ | 625
it er cont PaGanRE ARl e, BShhs 3B da g e Eattutef

upper surface for a long time beyond necessity, and hence

e

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. As 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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M. 64 1 5to 40% 20 to 40%is preferable. Wien this mxing ratio is
adopted, a viscosity degree of the etchant becones 10 to 20 nPa. sec
and a surface tension of the etchant becones 55 to 60 dyne/cm As a
supply anount of the etchant fromthe nozzle 27, 2 to 30 ML6415
liters/mnute is preferable. 5 to 30 liters/mnute is preferable as a
stpply amount of the acid etchant when a width of the silicon wafer
is F300 mm and 3 to 20 liters/m nute isDPreferabIe‘as a supply
amount of FRe?3ti4 dix b irhereaetRbt & of"haTe Willsi Bérinafe2tis #2200
nm [ 0022] A rotating.speed of th fer 21 at_the snoothin

step 12 i s H48PFfdd Efovjfsaﬁol%l%&t ﬁ?‘ﬂrﬁer%ﬁg of PREPBEY Jié)ot‘? %O

2000 TPM hbalste! Anl%a NOLLEL Ao A0 BPEEMIL OL AR LI 900GH SILLORL ¥
varies depenalng on a di aneter of the wafer: 2 , @ VISCoSIty 3egree of
the etchankp aystp@hy RESiA seBH0) LASuSt chantndasedqr RoLhzont al
novenent of the nozzle 27, or a Supply flowrate of the etchant to be
supplied. Wsenléherr ot aid 39 speedsysihess thajrerdranee. | i i tovad ue,
an in-plane and an outer peripheral shapes of the wafer cannot be
control | edliibersdultutian ian precenubhe eas ea ofurgeteramuati of e aamid er
fl atness degree and, when the rotating speed exceeds an upper limt
val ue, thecéthpphtWidmta MESitdr ofpEle ont bl edre wadiear isupBBeeuns and 3
innediatel¥ onmQ,out romthe wafer surface by the _centrifuga

Pt 2Bahhict®

force, and MRy SaRBSSBFRP LT &t 13 LBwe Vi ARBuRbe Bche

with the fer. surface, .whereb suri a sufficie et chi renmova
anount taﬁ%&g?iﬁg?h?%ﬁnﬁﬂﬁﬁgapﬁﬁ8§§t?§iP@? & Weafh of &ﬂﬁ%imES

t he silicoqowgg?r is 4,300 nm a rotating speed of 200 to 1500 rpmis
preferable, and 600 rpmis nore preferable. Wen a width of the

silicon wafer is $200:1A0Y spec@t aki BHe SRELEr Of 1 %Dao]tth@ 4R8O RPRY | Step

preferable, and 800 rpmis nore preferable. [0023 Mor eover, at
t hi s snoot hiengsstlepirdsy twhemldneishifaseraigd hef walebxtimnatbthedo@nd
then the other surface of the wafer is etched, a parallelismdegree
of the waf &p rEHGI ¥ t Itevienlty eechobed hthde #n omtizng rebatswgf aces
of the wafer can be enhanced. After etching one surface of the wafer

21, the wafBFe21515Ibuh WAkiles d6BBRILRY @0 rd ibleneiest ofethe valee

t to t f f th f =il trated
(e agentleuppl s b g TeRap T, RSt B L r PRy BRSLRLOS of
surface of thaee%@ﬂ%lit 4 dey %%”B%%SJLzaéE%ﬁfemch&a%géng%f lR.anshalge where

supply of the rinse agent is stoppe ¢ i s spun"to be’
dried whil @rsupphybng fbu NQfte 82Sthe. Stehdntitd Qﬂae'?sug)%i;iedh Wnen
is he

Subsequently, the wafer 21 is turned over, the wafer d on

t he stage 2BRei posating spswiern st Nakst bras us f beeewfl intle wafee, 24dnt hat

has not been subjected to
plane and an outer peripheral shapes of the wafer cannot be
controlled tco result in an inconvenience of detericration
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 if cannot
uniformly and sufficiently come into contact with the wafer

surface, whereby assuring a sufficient etching removal

amount takes time, reducing productivity. When a width of
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et chi ng/ cl eani ng/ dryi ng processi ng becones an upper surface, and
etching processing, rinse agent cleaning processing, and drying
processing are |likew se carried out. [0024] In regard to an etchin
removal amount at this snmoothing step 12, 10 to 150 mis pref@ﬂéﬁ“g
as a total M6415 renoval anmount of the front and rear surfaces of
the wafer, wherein 5 to 75 mis a renoval anount for one surface.

Wen th hi | is set to fall within thi ,
fl ot ness GBOFebICThd A ONt SahaC] all SUPFIERan8r SPRESEF RO & -

paral el | sqbglgdrse o Jue ualer, callybeosANaRdnoMdbtLonalLy,

steps foll owmn othing &te mrror polishing is

appl i ed, ayRehi $hiNGH SO 8RBDYUALL &z fo M ifd QP 0ROk, Shi NgL S EhLan be
greatly reduced as conpared with that in a conventional wafer

manuf act ur spgefrocessn tthemobhepht £hi Pige FEMMIA, ARBUBLOI Sphess dd@an a
lower Iimt value, a flatness degree of the front and rear surfaces
of the wafprefadalalaral l eli sm degree of the wafer required as a
product cannot be obtai ned, wafer surface roughness cannot be

suf fici ent 1§02@Huced and, when the etching renoval anobunt exceeds an
upper limt value, the wafer flatness gggree is deteriorated, and

productivity in&Q@ﬁ?ﬁe§ﬂ3ﬁ5¥§@P§rémP§tB dﬁéﬁ?lﬁheﬁhﬁﬁe?gﬁn%¥¥ﬁ%@f

Fl atnoss d84r BB°CHTBe HEITEVES BRERbUT SrTectiing SUCAB6En ho et ep

Step i n i e CoRveat onaT gt B AT SR Pt ore RgRSef e vea
to evenly etch both the front and rear surfaces of the
wafer can be enhanced. Affer 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 of the wafer 21 is
removed. After cleaning, in a state where supply of the
rinse agent is stopped, the wafer 21 is spun to be dried
while supplying an inert gas, e.g., a nitrogen gas.
Subseguently, 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 to
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 um is preferable as a total

- 17 -



It is to be noted that the exanple where the snoothing step using
machi ni ng based on, e.g., lapping or grinding is omtted has been
explained in conjunction with this enbodi nent, but the sliced wafer
may be subjected to M.6415 | appi ng processing or surface gri
processing before the snoothing step 12 depending on the wafer shape
after slicing in order to reduce a throughput per wafer, e.g., an

et chi ng use a nt _at _the_s i ng ste 12 Even in thls case,

per f or ni ng ?T@?%&nﬁﬁﬂﬂnﬁg §ng g %ﬁ% SH§fBEEEr?EnE%?(ﬂa§¥rf
surface def, i~R f d.o n._epi I er due

machi ni ng. 1‘[?%](L) $ 7%ugﬁeg§ent?e&%aﬁl eap;%t 51)% aP%I qyer > £a St of a

silicon sipglg tg{ey%@hm% fr@ﬁl%gl Oftnd 18- Sy fs%%e +@f fEE? w@{ﬁ{n Ibéi]

epitaxial growh (a step™13). It is preferable for the epitaxia

| ayer to beafgs ed ﬂbét@e@‘éDd@EB@dof nend ewodfc anvstabki BitYadds MBSS
productivity thereof, sinplicity of a device, easiness of formng

various kihds wdfae\dce aspavel liebSsm adel deherfs thEpwhdrr atagrismt h of
silicon by the CVD nethod is carried out by introducing a raw

mat eri al g8Bheerrdd niAvfidilonadny, eay. stHCIp L lowEaY3 Lh & HAGIR h gy
SiH4 together with an H2 gas into a reactor and precipitating on the
surface of StHe Waf éreg W%&Sﬁrgﬁﬂé%%?%ﬁgtﬁﬁtQRﬁ'#ﬁﬁfdécBﬁbb§P¥?%n or
reduction of the raw

o T ohemp s, BT 2 8 pRES s et Ll &t BRBoPRAARe thY 1
shape of t0EYBLE": SURRS L BhSLABENGT £UANLER36EU 2L ELY:

snoot hi ng surtrace an Sl nce e snoot I Ng processi ng f or
the wafer sbhhaselS i YHCRsPr ORESS| i At ARG irRfodR1 ehahant io

the wafer w thout |nclu§ﬁLg a nmechani cal el enent, occurrence of a
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 reguired as a product cannot be
cbtained, wafer surface roughness cannot be sufficiently
reduced and, when the etching removal amount exceeds an
upper limit wvalue, 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 smecothing step using
machining based on grinding or the 1like that is a necessary
step in the conventional wafer manufacturing process.
[0025]

It is to be noted that the example where the smoothing
step using machining based on, e.qg., 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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M_.6415 surface defect or a slip forned on the epitaxial |ayer due to
machi ni ng can be reduced while causing al nost no scratch or damage on
the wafer. The epitaxial wafer can be obtained in accordance with

thi s embodi ment, wherein a difference between a maxi mum val ueMbf4l®
waf er thickness and a mninum value of the sane is not greater than 1
pm when an entire surface of the wafer is neasured. [0028] Further,
accordi ng #o this enbodinent, it is preferable to further include a

mirror pol TERMY HFOGEF1BE: ABePt e MIdtNILRg Brepealnmdefare
epi t axi al er. farm.n te 3.a own in FlG or, after_t he
eB:taizal #@%e?m éﬁﬂﬁnﬁgngggl%sd%éei %Rﬁ14nntEFGFa§§rFﬁ??9ﬁH§ﬁﬁ%£
si nce etchj ; hemn 0 i i i e ot hi.n
step 12, a%{%ér1| %%'ggr%kopauﬁgu %%%%J§H§%@%?§2d8%§ g%?%ihié§§z’ 4

nechani cal e sFROlivie RRBGASSh OB Cinds HikigNdirRg 18, Notvey oduaed.s and
hence much polishing renoval anmpunt does not have to be taken at the

m rror pol tsdenpstfepnidg thassnedticimy dte pal kshong redmysalg amount .
As conpared with a conventional nanufacturing nmethod, a surface

qual ity capc@erianmrovdda sndfaceudetace of aasduipf doemedfaTtartan be
further suppressed. The mirror polishing step 14 may be a step based
on SMP of Poti&hidly lewerf #8at tanda¢ielrindy f aces of the wafer one by
one or a sigﬁb sed on DSP of simultaneously polishing the front and
rear surfa the wafer. Moreover, in order to inprove

m cro-roughnessy gl 3 MALSY, MBLN.SIE 1AL an M ¢l a.deykce (MOBED
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 wvarious kinds of device
structures, and others. Epitaxial growth of silicon by the
CVD method is carried out by introducing a raw material gas
containing silicon, e.g., SiCli, SiHCls;, SiH:Cl:, or SiH,
together with an H; gas into a reactor and precipitating on
the surface of the wafer silicon generated by thermal
decomposition or reduction of the raw material gas.

[0027]

Controlling application of an etchant to the wafer
surface in accordance with a shape of 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

- 19 -



is formed, SMP may be carried out with respect to the main surface of
t he wafer subjected to DSP. When performng the mrror polishing 14
bet ween the snoothing step 12 and the epitaxial |ayer formng step
13, a polishing renoval amount that is not smaller than 0.01M.&b
not greater than 5 mper surface is preferable or a polishing renova
amount that is not smaller than 0.1 mbut not greater than 1 mis
more preferable per surface in SMP. Additionally, in DSP, a polishing
removal arfddfecehdeipstner amllireformad onsthe eiltrtiagr datver than 20
mis preferable or.a polishing renoval .anount that is not smaller
than 0.5 hbAECAOP:BFeSERIPE FRAUES IiPd LroF8UpHRE UM &9 ACERLER
polishing re |, amoupt on_both e front _and rear surfaces.

Furt her, ﬁﬁ%gg%%? o?ﬁin%eﬂgﬁgg%Teh%thpég?Féﬁ awaﬁ%&é?”¥%Fhing step
13, a polighiNgHemnYal-sreute that, Eﬁigog?ﬁ | &t R Q492 ;m but

not greater than 1 mis preferable or a polishing renoval anount that

is not smalilflerthes BelwdebW NOLEFCILehet BN OvdrdD It51®h@ss and
preferable as a total polishing renmoval anmount on both the front and

rear surfacesni@i@29hlue of dHe ishardeo iBenbeot gdedbed tthatl Qapmnghshep
may be of course provided before or after each step in this

enbodi mentan Rntier soréacaso | dmnivwed eaf tler measusedot hi ng step 12 and
before the epitaxial layer formng step 13, it is particularly

pr ef er abl ee®%83er f or m ci eani ng using a cleaning fluid having an

oxt dat ) on T ecUGLg el ect s0h Lo, G40 Saly Ut ol ant g uoi g

i on. EXANﬁ}J§%JQ%%§Q]tO further include a mirror polishing step 14
between the smcothing step 12 and the epitaxial laver
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 preoduced, and hence much polishing removal
amount does not have to be taken at the mirror polishing
step 14, thus reducing the polishing removal 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. Moreover, in order to improve

micro-roughness of a wafer main surface on which a device
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Exanpl es according to the present invention will now be described in
detail together with conparative exanples. <Exanple 1> A silicon
wafer of 000 mmcut out froma silicon single crystal ingot was first
prepared. Then, the single-wafer processing etching device dafictéd
in FIG 4 was used to perform single-wafer processing 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 mixi ig farmedef SHY dralf |Reokagraeddonit with acdsheaiogehehiecmain

aci d: wat er =7% 30% 35% 28% i n wei ght % was used. Mreover, a wafer
rotating SPELACEnAlathe itieH S eckedetenaRt - t I N Qpsdorsdngnthe

tchi ) ti | troll ed 600 5.
1 Cor o e o TR TLbt e TR Sttt bl PBrobhAS kAt 12a3ng: ERfng
T hoe. CRRRExf1 o} RILE MAL AP EACE T 5] 93 ST M BT BB
to performgleani Rgs Wk £1 SPIHENS lohe wabeF | na@ﬁfegﬂqu%awag |

sprayed to the wafer surface to dry the wafer surtface. Subseque

the waf er paas stirraed O efre BhSIN@reaWabel sRI g essid\h1etabiung was
carried out with respect to the rear surface of the wafer under the
sanme conditthadnss nht64dsller thErem,. lapnepiit andal glteatarr fidwned ph a
silicon single crystal was fornmed with a thickness of 2 gmon the
surface ofis Fergapsefeyakbs tred durgect An E¥Bs obidiWiong ldw,epht axi al
wafer. [0031] <Exanple, 2> A silicon wafer of 000 nm cut_ out from
a silicon EgPe Py SEARY | FFRVala oSt tRREpSS Pt THEW, Lathéhan

si ngl e-wafer. processing etchin evi depicted in FI.G 4 was used to
er form et EEREThEP LGS BB 28 AR PeebERP S o#nd o | con
vafer. As g i&hANANtendPa ACLibEHE RAN: GANLBLNLAG IWArGlAIe)Isc el d.
nitric aci'd, phosphoric acid, and water at a mxing ratio o

hydr of | uordu: aeitdghRbhtes @@&ﬁ:m?ﬁph@r 6 rachde 1at £ ff Ws3Q%0e38%1 28% i n
wei ght % was used. Moreover, a wafer rotating speed and a flow rate of
t he et chamdoltichiagsuppbiet amowetichimm@pondr eheespent i ared yremantrol led to
600 rpmand 5.6 liters/mnute, and etching was effected for 90
seconds. Amxdisckisng Fanbher. aiamteeniosimagheDOAT @F ter ddes sipigaatehi ng
was 30 gmon one surface., After etching, pure wafer was supplied to
the waf er ‘HFade e Bef FoR 1 Mg SHAPPe T SBPRRt Qe r 13and

it d th f f t t.h fer . f :
Subsoquenty TRELEaf Eholal ParRbduvar T Bha>EPhor el o froceest ng
et chi ng V‘Bpsfecf%rrra'bﬁgi gygﬁgbéfiéﬁ%e‘ Horlo¥ahiNGmbEAE S4U L aGE Qfr the wafer

under the 'sane con
smaller than 0.1 pm but not greater than 0.5 um is more

preferable as a total polishing removal amount 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

c¢leaning fluid having an oxidation reducing effect and then
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Then, SMP of polishing the front and rear surfaces of the wafer

subj ected to single-wafer processing one by one M6415 was carried
out. A polishing renoval anount based on this SMP was 0.5 gm on one
surface, and a total polishing removal anount was 1.0 gm on BdLédlShe
front and rear surfaces. Furthernore, an epitaxial layer fornmed of a
silicon single crystal was formed with a thickness of 2 gmon the
surface of the wafer itaxjal growth, thus obtainigﬁ%an epi t axi al

by e . : )
waf er . [Oo%azﬁry<€>?§nﬁll§¥§$gg US1DG F | By TAEPER CoRCBBOSHH AR d&t from
a silicon gj crystal i t s _first pr red. Then, the
si ngl e- wafi#c{l%r gtgeg}sfi%%gag#g%?nﬁ e caesrfg%lggg A"FIG 4 was used to
perform singl e-waf er processing etching with respect to the silicon
wafer. As an etchant, an acid etchant contai ning hydrofluoric acid,
nitric acikaMe1igsphoric acid, and water at a mxing ratio of
hydrofluoric acid:nitric acid: phosphoric acid:water=fl:30% 35% 28% i n
wei ght % wak0QidHd. 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. &3gmpdes/ AFAOE@inante ctlehim@gseas éhventbeh fuorl10@ow
seconds. An etching renoval appunt in single-wafer processing etching
was 30 gm'h %erfecré'g’refjaég. dafebt BREHIRY "Hiife CRBPRFA WS KKAFHLES -t 0
t he waf er surfq&&a&plgeagorn1cleaning whi l e spinning the wafer, and
nitrogen was sprayeﬁ’ o"the wafer surface to dry the wafer surface.

e, T SIAGED VARG USRS Bl cHRCEL TSB! A s 0
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, arn 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 380 seconds. An etching removal amocunt 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

surface of the wafer under the same conditions.
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M_.6415 surface of the wafer under the sane conditions. Then, an
epitaxial layer fornmed of a silicon single crystal was forned with a
t-hi ckness of 2 pmon the surface of the wafer by epitaxial growth,

t hus obtaining an epitaxial wafer. Mreover, SM of pollshlndﬂLﬁQS
front and rear surfaces of this epitaxial wafer one by one was
carried out. A polishing renoval amount based on this SMP was 0.5 pm
on one surface, and a total polishing renoval anount_was 1.0 pm on

both the front &ﬁﬂ*réareEbF?%h%% lﬁxﬂ§3§Pr@€6nﬁér%t$%¥949&ﬂﬁﬂqglf>
A silicon r of F3 mm, cut,.out froma silicon singl stal
i ngot was ¥%¥ al 35ar SHUCFRIRT 4 B E@ﬁ?ﬁl gt Igtgl Sittace

G ndi ng. (vhi o S P L L t%os@“ﬁ%?%ﬁaﬁiéﬁ%ﬁ th Tespect

to front aguhtBa1swkfraees of the S|I|con waf er. A renoval anount at
this DDSG step was 30 pm on one surface. Subsequently, the
non-illustr@3d grinder was used to performa single disk surface
grinding step (which will be referred to as a SDSG step hereinafter),
and a renoval afx@mpleat 2bhis SDSG step was 20 pm on one surface.
Then, DSP of sinultaneously polishing the front and rear surfaces of
the wafer was @ffddisgn ﬂa%%n%% O efpFHl anbuRtobas ed IdiFohi s DSP
was 10 pm on ane surfaﬁ and a tot al ollshlng renoval anount was 20
d e

om on bot FEAHELS FONE CRdLPARF Sif o PSGBaSgHent T30 SNB D hale-
pol i shing §%§9¥§Dce551ng 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 erchant
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 welght% 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.
After 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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the front and rear surfaces of the wafer one by one was carried out.
A polishing renoval anmount based on this SMP was 0.5 gm on one
surface, and a total polishing renoval anount was 1.0 gmon both the
front and rear surfaces. Additionally, an epitaxial |ayer foivil@l6f a
silicon single crystal was forned with a thickness of 2 gmon the
surface of the wafer by epitaxial growh, thereby obtaining an
epitaxial wafer. [0034] <conparative Test 1> A particle

measuri ng %ﬁﬁMQQ§rGSﬁloﬁﬁnquuRQﬁ#ﬂ@lﬁg KERTEAL orm@on paraeidcony whssused
to neasurgﬁﬁpch p%rglcle that is present on the wafer surface and

equal to aBiéve V0> 0™ ot Viith stﬁ&?t' PBdtﬁet%ﬁ‘lféiﬁ shigfer

bt d b t d t le 1. FIGS
obtained, eifash ShoRETTLES T | Seagd Lorpar allve Bxample 1 FLGS,
particl es werg Jigasupgd, p é%Tafg‘aaf%%ggﬁggg%? %a R L1gs jvere

measured per wafer in Exa WEFe measur e per waf er

in Exanpl esi3icnd s28gPar &4 €5 Wl mmasur fdeRes vef &inddy Gempaati ve
Exanpl e 1, respectively. In the wafers according to Exanples 1 to 3,

there i s mm l@Aregeudihterenciehe Ay age egeterialegsdwih, rhespective
of a wafer that was not subjected to mrror polishing or a wafer that
was subj ecitedindngi pnoepportishi ngpfeand hence excellent results were
obt ai ned. ﬁﬂxiﬂe ot her hand, in Conparative

<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
acidi:phosphoric acid:water=7%:30%:35%:28% in weight% was
used. Morecover, 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 Jm 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
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MEL6415 Exanple 1, although a |arge defect like a slip was not
observed, it was revealed that there is a difference in surface
defective density when m croscopically conpared. [0036] <Conparative
Test 2> A non-contact surface roughness neter (MP3100 ML6&415
manuf act ured by Chapnman) was used to neasure wafer surface roughness
with respect to the epitaxial wafer obtained by each of Exanples 1 to
3 and Conparative Exanple 1. Table 1 shows its result. [0037] [Table
1] surface of the wafer under the same conditions.
Then, an epitaxial layer formed of a silicon single
crystal was formed with a thickness of 2 um on the surface
of the wafer by epitaxial growth, thus obtaining an
epitaxial wafer. Moreover, SMP of polishing the front and
rear surfaces of this epitaxial wafer one by one was
carried out. A polishing removal amount based on this SMP
was 0.5 um on one surface, and a total polishing removal
amount was 1.0 pm on both the front and rear surfaces.
[0033]
<Comparative Example 1>
A silicon 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 to as DDSG hereinafter) with respect to front and
rear surfaces of the gilicon wafer. A removal amount at
this DDSG step was 30 pm on one surface. Subsequently, the
non-illustrated grinder was used to perform a single disk
surface grinding step (which will be referred to 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
removal amount based on this DSP was 10 um on one surface,

and a total polishing removal amount was 20 pm on both the

front and rear surfaces. Subsequently, SMP of polishing
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Surface roughness Ra[ Angstrom Exanple 1 1.1 Exanple 2 0.9 Exanple
3

ML6415

the front and rear surfaces of the wafer one by one was
carried out. A polishing removal amount based on this SMP
was 0.5 um on one surface, and a total polishing removal
amount was 1.0 pum on both the front and rear surfaces.
Additionally, an epitaxial layer formed of a silicon single
crystal was formed with a thickness of 2 um on the surface
of the wafer by epitaxial growth, thereby obtaining an
epitaxial wafer.

[0034]

<Comparative Test 1>

A particle measuring device (SPl manufactured by KLA-
Tencor Corporaticn) 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 B, 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. On the other hand, in Comparative
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0.8 Conparative Exanple 1 1.3 [0038] As apparent from Table 1,
in the wafer according to Exanple 1 formed w thout the snoothing step
based on machining, a result of the surface roughness snaller than
that of the wafer according to Conparative Exanple 1 as a ML6415
conventional nethod was obtai ned. Further, in each of the wafer
according to Exanple 2 and the wafer according to Exanple 3 subjected
to mrror polishing, the surface roughness is snaller than that of

t he waf er EZQE®LEI hg 2 btiR&plae largratefiast nbikes ubjddpetasonntr r or

ol i shing, .and .
P gobServed, it was revealed that there is a difference in

surface defective density when microscopically compared.
[0036]

<Comparative Test 2>

A non-contact surface roughness meter (MP3100
manufactured by Chapman} was used to measure wafer surface
roughness with respect to the epitaxial wafer cobtained by

each of Examples 1 to 3 and Comparative Example 1. Table 1

shows 1its result.

[0037]
iTable 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
Fxample 1 formed without the smoothing step based on
machining, a result of 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 mirrecr polishing, and
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M_.6415 it was reveal ed that an excellent result can be obtai ned when
mrror polishing is carried out. [0039] <Conparative Test 3> The

epi taxi al wafer obtained in each of Exanples 1 to 3 and Conparative
Exanple 1 was i naged based on X-ray topography. FIGS. 9 and M&hdw
obt ai ned t opogr aphs. [ 0040]

it was revealed that an excellent result can be obtained
when mirror polishing is carried out.
(0039]
<Comparative Test 3>

The epitaxial wafer obtained in each of Examples 1 to
3 and Comparative Example 1 was imaged based on X-ray
topography. FIGS. 2 and 12 show obtained topographs.
[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 to 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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As apparent fromFIGS. 9 to 12, a large defect, e.g., a slip or a
di sl ocation that can be observed based on X-ray topography was not
observed in all the epitaxial wafers according to Exanples 1 to 3 and
Conpar ative Exanple 1. | NDUSTRI AL APPLI CABI LI TY [ 0041] The
met hod for manufacturing an epitaxial wafer according to the present
I nvention can efficiently forman epitaxial |ayer by applying an
etchant to a surface of a sem conductor wafer to snooth the surface.
Clains: Claim& et hod for manufacturing an epitaxial wafer
conpri si ng:

L. A method for manufacturing an epitaxial wafer comprising:

a smoothing step of smoothing a surface of a single thin discoid wafer obtained by
slicing a silicon single crystal ingot; and an epitaxial layer forming step of forming an
epitaxial layer formed of a silicon single crystal on the smoothed surface of the wafer
based on epitaxial growth, wherein the smoothing step comprises: a detecting step of
detecting irregularities on the wafer surface by detecting means; a storing step of storing
said irregularities in a memory of controlling means; a controlling step of conirolling a
position and a discharge time of a nozzle for supplying an acid etchant in accordance
with the stored irregularities on the wafer surface by said controlling means; a rotating
step of rotating in a horizontal direction the wafer; and a supplying step of supplying the

acid etchant from the nozzle to the surface of the rotating wafer to spread the supplied

etchant on the entire surface of the wafer by a centrifugal force.

2. The method for manufacturing an epitaxial wafer according to claim 1, further

comprising a mirror polishing step between the smoothing step and the epitaxial layer

forming step or after the epitaxial layer forming step.

3. The method for manufacturing an epitaxial wafer according to claim 1 or 2, wherein
the acid etchant is an agqueous solution constituted of hydrofluoric acid, nitric acid, and

phosphoric acid and containing hydrofluoric acid, nitric acid, and phosphoric acid at a
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a snoothing step of snoothing a surface of a single thin discoid

waf er obtained by slicing a silicon single crystal ingot; and an

epi tudal layer formng step of formng an epitaxial |ayer fornmed of a
silicon single crystal on the snoothed surface of the wafer based on
epitaxiall growth, wherein the snoothing step conprises: a detecting
step of detecting irregularities on the wafer surface by detecting
nmeans; a storing step of storing said irregularities in a nmenory of
control | i mjximgaaisy ofthydsafluerid aoidnitie peidphosphorio htidng. Sde g% too¥)%uido a
di scharge tinme of a nozzle for supplying an acid etchant in

accor dancg(¥% inkwdigtgd&t ored irregularities on the wafer surface by
said controlling neans; a rotating step of rotating in a horizontal
direction the wafer;-and a supplying step of supplying the acid
etchant fromthe nozzle to the surface of the rotating wafer to

spread th | j.e han n_the enti.r.e rface.of the f a
contr 1 ugd THEReo 6! SRRec PRk A8 PRI SR ARRRRY ol Mg T o] ghteel
waf er accqrding to claim further conprising.a mrror polishing
step bet w@Rt KL BE Q‘?Fﬁé;‘kset%%wf%%eéﬁ@?@?ﬁ-al | ayer formng step
or after the epitaxial layer form ng step. 3. The nethod for
manuf acturing an epitaxial wafer according to claim1 or 2, wherein
the acid etchant is an aqueous sol ution constituted of hydrofluoric
aci d, nit 5 Thegiethoddormahefpheing ean 2pitskisindafeomicaiding e dnydne bl vlaimsl, 2,
acid, nitric acid, and phosphoric acid at a mxing ratio of
hydr of | uo@'aﬁd%%%r@iﬁﬁ Whglpaﬁbﬂﬁ]}gfsgﬁgwamnmﬂa&- ed chRafi@varet 8 OMirad, a
o 4. 0 or I

to 70% i n werl ght e met manuf acturi ng an epitaxia

waf er accatdin o.claim2 or 3 reLn_f.ron rear, .surf

1 con watiroedRetedt hatan S R nb R IRlie of BuoiGhies S8 el
epi taxi al wafer according to any one of clains 1, 2, 3 and 4 wherein,
when an em gigalsttrBddBf a manufactured epitaxial wafer is measured,

a difference between a maxi num val ue and a m ni nrum val ue of a
t hi ckness of the wafer is not greater than 1 m
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