Y

10

15

20

25

[ Nane of Docunent] Specification [Titl'e] Al kaline etching
sol ution for sem conductor wafer and al kaline etching
nethod 5 [Field of the Invention] [0001] The present
invention relates to a field of sem conductor-wafer
manuf acturing technology and, in particular, to a novel
al kal i ne etching solution for silicon 10 wafer, an
dikat i of Boctmentiretphedifiscagibhe solution, a
silicon-wafer manufacturing nethod using the solution,

F@ﬂtlé}”ﬁlh&‘ﬂﬁléiéﬂ&ﬁ?)g‘“@ﬁ@ﬁt@@h?%@ﬁ%éﬂ%é{@r NRif9dang

Backgr ound]. [0002] When a silicon wafer for use in

iptepraled. Shrguits,sych as ICs and LSIs, and discrete
L EhTeoRaUCE o B ehERPE!

conduc emnen such as transistors and di odes,
a nonocrystal obtained through a Czochral ski nmethod (CZ
nmet hod) or a floating-zone nethod (FZ nethod) is cut off
by using an inner-dianeter-blade cutter or 20 a wire saw
forebdvefi plge ofnveédeioneés and, after a |l ap process
(lapping) is performed for inproving the flatness on a
moml] surface wwth free abrasive grains, wet etching is
performed for renoving a process distortion applied to

the wafel ﬁ%&é&g@.iﬁg%n@&;{efﬁ%%ﬂg Progesgeggand then

mrror polishing is pertornmed. wet etching
a mxed acid. of, for, exanple,

RRH STt FEE 36F REE e R ER Qe B P dnte akbrtgay a8d, 1R
particular, to a novel alkaline etching solution for silicon
wafer, an alkaline etching method using the solution, a
silicon-wafer manufacturing method using the solution, and
further a silicon wafer obtained through the method.

[Background]

[0002]

When & silicon wafer for use in integrated circuits, such
as ICs and LSIs, and discrete semiconductoffelements, such as
transistors and diodes, a monocrystal obtained through a
Czochralski method (CZ method) or a floating—zone method (FZ
method) is cut off by using an inner-diameter-blade cutter or
a wire saw for beveling of sidelines and, after a lap process
(lapping) is performed for improving the flatness on a main
surface with free abrasive grains, wet etching is performed for
removing a process distortion applied té the wafer through the
above-mentioned processes and then mirror polishing is

performed. Such wet etching includes acid etching using amixed
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“acid, and al kal i ne etching using alkali;, such~as sodium -

hydr oxi de or potassi um hydroxide. [0003] 5 Wile acid
et chi ng has an advant age capable of controlling an
etching rate and the state of the surface of the wafer
after etching, there are drawbacks of a |l arge etching
rate to cause deterioration in flatness of the wafer
L0 @fedf b hieaagip 1 eC oy d 2Pl igr Pt @eesis. n 1Or (N atthd, dh®Bcetic
hand, although the etching rate is slow, alkaline
?%5@'ngn@a§l§ﬁl§9¥aQEéﬁ§n f ueangbLeoi: keeRERTathSod ium
athess of the wafer |npfove hr oug appi ng process,
t ﬁrebx achleV|Qg a.mafﬁrdMAth t he excellent flatness
YEEP*1EE CRF ngO RS FBReAYIYREFES 1o al | ow fi ner
m crof abrication, an 15 extrenely high-1evel flatness has
beeh3demanded for sem conductor wafers. For this reason,
this al kaline etching C_ has been wi dely used. [0004] In
the alkiali®meaeidhénghieghhatogy tdainbage beepabsedofo 20
far, an al kaline conponent with a concentration snaller

EBﬁErof@lB@ 20 MRIHghy PeEEatd |t'&ea§t§£é‘aiﬂ RBcCEGRFAB8e of the
solution has wi dely  been used. [0005] However, such an

al i et ol .yt é?g 5 éﬁ ﬂ€§
AR SE sy ERClingn Uld A ahbr Juitadeh ot pHsB8 e ate
and an etching speed on a 11 face are differe
tocausedeter%orgtfon:ulflatne%s(&ythewa%eri%proveg%hrough
a lapping process.
On the other hand, although the etching rate is slow,

alkaline etching has an advantage of capable of keeping the

flatness of the wafer improved through a lapping process,

thereby achieving a wafer with the excellent flatness after

etching. In recent years, to allow finer microfabrication, an
extremely high-level flatness has been demanded for
semiconductor wafers. For this reason, this alkaline etching
has been widely used.

{0004]

In the alkaline etching technology that has been used so
far, an alkaline component with a concentration smaller than
48 to 50 welght percent in an alkaline etching solution has
widely been used.

[0005]

However, such an alkaline etching solution widely used

in general has anisotropy in which an etching speed on a (100)
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from each other approximatel’y sixty to one hundred times.
This poses a problemin which a concave portion
(hereinafter referred to as a "facet") occurs on the
surface of the wafer, and 5 asperities remain on the
surface of the wafer after etching. |If such asperities
on the surface of the wafer are large (if the surface
e shd anl atgRingt BbSePases Anohl)ersrebcthgre different
occurrence of particles in the device manufacturing

I; [ tLNLGY. ] i.shi ,
B ey o00E e aaS o P CL S e e & BEhRE) OB
di scl osed.i.n, for, .exanpl e, Japanese Patent Lai d- Qpen
ST S SR ot S5 2 8505 RO hebon QHEgered tomt whi cred
a al kaline solution with a high concentration (equal to
©r dsargerfadain 5 aRigthtopdreemyr face S usde twe ont rand
the etching speed and | essen the influence of
afiexditriepy rerzerelyn deer sagifaget be sheewafetherfaceitdmwing.
i nprove C the surface roughness. However, the al kaline

150I5Hdron sWel £3 Y gl %ﬁgcﬁﬂEE@FEOBfngﬂebﬁaféPzgfeiIhrge (if

wi nter, thereby posing a problemin view of conveni ence.

Q [ 7]..Then, .t here .has been strang denand faqr, the
tg“leka%%%ea] ot I 8 U f)lna]?%eg rsi 4o P St ey ?(}Heé’ilﬁ jQf the
capabl e of _inproving the surface roughness of wafers
AQRIHFRFPhPaHe c Lk aritle devicrarimiariging process and
concentration. 25 [Di sclosure of the invention] [Problem

a cldgwesglevéd] productivity in a polishing process.
[0006}

To address such problems, a technology disclosed in, for
example,JapanesePatentLaid—OpenPublic;tionNo.2003—229392
has been suggested, in which a alkaline solution with & high
concentration (equal to or larger than 50 weight percent) is
used to control the etching speed and lessen the influence of
anisotropy, thereby decreasing the size of the facet to improve
the.surface roughness. However, the alkaline solution with a
high concentration may be frozen in winter, thereby posing a
problem in view of convenience.

[0007]

Then, there has been strong demand for the alkaline
etching solution for silicon wafers which is capable of
improving the surface roughness of wafers without using the
alkaline solution with high concentration.

[Disclosure of the invention]
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“10008] 5 Aii obj ect of the present-inventionis to provide

a silicon wafer etching nethod using an al kaline etching
sol uti on capable of inproving a surface roughness even
with a relatively |ow alkaline concentrration that has
been conventionally w dely used. C 10 [0009] The
inventors have diligently studied in order to develop an
[@xepllleant: AlkaldneLfjchi ng solution that satisfies the
demands descri bed above and, as a result, have found
[b%%%q by wusing a bronmate- added al kal i ne etching sol ution
as a caustic 15 al kaline aqueous sol ution generally used,

the size of a facet occurring on the surface of a
silicon wafer can be reduced. C [0010] Al so, the

i nventors have found that effects of bromate 20 obtained
fromthe findings in alkaline etching can be kept by

n rate 0011 That is nt. j hventjon .
REBLEGAS BicSant i 3 breiils & 5T 60T SRET heehEETE b bsing an
ﬂkfﬂﬂﬂeleﬂﬂin@%ﬁﬁﬂdﬁ caHbtet dfmpeitead fifacPouBhdBERon WidDd &latively
Furt@&@ the present invention relates to an al kaline

egﬂFﬁWW@HOWHwhhﬁéﬁmhﬁmﬁﬁﬁémﬁmkwﬁﬁheéﬁé sol ution
contains bromate and nitrate.

fo00e]

The inventors have diligently studied in order to develop
an excellent alkaline etching solution that satisfies the
demands described above and, as a result, have found that, by
using a bromate-added alkaline etching solution as a caustic
alkaline aqueous solution generally used, the size of a facet

occurring on the surface of a silicon wafer can be reduced.

[0010]

Also, the inventcrs have found that effects of bromate
obtained from the findings in alkaline etching can be kept by
adding nitrate.

[0011]

That is, the present invention relates to an alkaline

etching solution in which an alkaline agqueous solution contains

bromate.
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5 [0013] Still further, the present invention relates to
the al kaline etching solution, wherein the bromate is
sodium bromate. [0014] 10 Still further, the present
invention relates to the alkaline etching solution,
wherein the nitrate is sodium nitrate. [0015] Stil
further, the present invention relates to a nethod 15 of
[@ociEing a silicon wafer with an al kali ne sol ution,
wherein the alkaline solutionis a caustic al kal i ne

aqueo§%r§gg%tlQ%e ?y% |dyr¥£$¥qnagfes % g]églll aljalime

further, the 'present 1 nvention

é%ﬁ%g%ﬁp tllcqn wi th an, al kaline sol ution,

SOTREL QR KA Y éC AuB i bR Be R QAT B0APRAPRONtains
aqueous solution containing bromate and nitrate. [0017]
baiqmaltef @chéritnaie .pr esent invention relates to the 25
silicon-wafer etching nmethod, wherein the bronate is
[©@di3gm bromate. [0018] Still further, the present
invention relates to the silicon-wafer etching nethod,

“herebﬂiﬁmefGEEﬁ@E? EﬁeSQQE%ght invention relates to the

alkaline etching solution, wherein the bromate is sodium
bromate.
[0014]

Still further, the present invention relates to the
alkaline etching solution, wherein the nitrate is sodium
nitrate.

[0015]

Still further, the present invention relates to a method
of etching a silicon wafer with an alkaline solution, wherein
the alkaline solution is a caustic alkaline aqueous solution
containing bromate.

[0016]

Still further, the present invention relates to a method
of etching a silicon wafer with an alkaline solution, wherein
the alkaline solution is a caustic alkaline agueous solution
containing bromate and nitrate.

[0017]
Still further, the present invention relates to the

silicon-wafer etching method, wherein the bromate is sodium
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5 nitrate. [0019] Still further, the present invention
relates to a nethod of manufacturing a sem conductor
silicon wafer, conprising the C step of perform ng

al kal i ne etching by using a caustic al kaline 10 aqueous
sol ution containing bromate, wherein a wafer after the
etching has a surface roughness Ra equal to or smaller
broera t@..27 Pm [ 0020] Still further, the present
invention relates to a nethod 15 of manufacturing a

[®@mggonductor silicon wafer, conprising the step of
perform ng al kaline etching by using a caustic al kaline

aqueous.sol uti with,bromate added thereto, wherein a
mafergﬁéi?e?hfﬁgeéfcﬁpﬁgpﬁ§§e§ sOPVEEE LPHuGRAESE SR Ce b8

tQ or smaller than 0.27 pm 20 [Effect of the invention]
S[lgéfiﬂ}l'@ﬁf@é‘u ¢ THEGamedhose ebheriaig ddleutriidirateolist jsmeium
contai ning bromate), the size of the facet can be
ngitgaitki.cantly reduced and the surface roughness of the
waf er can be inproved 25 w thout significant decrease in
feoecbilng speed, conpared with the case of using a caustic

al kal i ne aqueous solution conventionally used in

; f . ffici I
or oy G TROUL S RGnEEaReRhCrrs T SEBEARORE b gue rod

qutiPn. Therefore,_alkgline etchi ng can be
o manufacturing a semiconductor silicon wafer, comprising the

step of performing alkaline etching by using a caustic alkaline
aquecus solution containing bromate, wherein a wafer after the
etching has a surface roughness Ra equal to or smaller than 0.27
pm.

[0020]

Still further, the present invention relates to a method
of manufacturing a semiconductor silicon wafer, comprising the
step of performing alkaline etching by using a caustic alkaline
aqueous solution with bromate added thereto, wherein a wafer
after the etching has a surface roughness Ra equal to or smaller
than (.27 um.

[Effect of tpe invention]
f0021]

By using the alkaline etching solution (solution
containing bromate), the size of the facet can be significantly

reduced and the surface roughness of the wafer can be improved

without significant decrease in etching speed, compared with
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5 conveniently perforned. Furthermnore, by using an

al kaline etching solution (solution containing bromate
and nitrate), bronmate consunption is suppressed in the
course of alkaline etching, thereby keeping the
above-descri bed effects. Thus, it is possible to perform
al kal i ne etching capable of obtaining 10 a wafer with

ihproved stirfialeg roughnessci 1R X4 " 8§8LYus eﬁgﬂgﬁl&ﬁ"
manner with a | ow environnental |oad. [Best enbodi nent

' . i.on] ,(Q022 Silicon wafer
%ﬁ?iffﬁf?%éﬁ?§@1%§&§%%§% e]%g“beﬁ%ggét%H%ds ¥ 355I§?H%gness
éggaggchig . solutjon, of the present invention is not
par ti cuﬁ%r’%y‘:]ree%ft Y ctTRAECVEHT B 2P g St ¥R ToPn eRmbT -t on
the present invention can be applied to various silicon
et ¢ afviestisoral 1irpowT ar afinrer e lkaSpeei dicaldy can be
there are no limtations in size (dianeter and
Gdmiwkriess)ly thwer fresedce Frthaha®ies ofy deRimg aM N kaline
vari ous elenents, or the presence or absence of
RIAripiPaRott & [ 00281 (M kabd e e ingeol Ut o), 25 The
al kal ine etching solution usable In the presen | nVent on ’
f eat i.nn which a Ar:n=n., t nQt ~r A Arrh;na
e P R einad e e astouth LA he
| kal i ne etching soluytion for silicon wafer contains a
Hng'aﬁg’&%ftebé’f kSesrtede thpepbovendearkabraecéfentng Thus,
solution neans an aqueous sol ution containing an
1 ké!HQfESjédrm@ﬁG?ﬁrﬁ@rIa@lk@thhniengtcbh@@nmp:ahﬂfﬁioficfbtaining
requi red, other conponents.
a wafer with improved surface roughness in an extremely

economical manner with a low environmental load.
[Best embodiment for carrying out the invention]
[0022]

(Silicon wafer)

A silicon wafer capable of being etched by applying the etching solution of the present
invention is not particularly restrictive. The etching solution usable in the present
invention can be applied to various silicon wafers conventionally known to the art.

Specifically, there are no limitations in size (diameter and thickness), the presence or

absence of doping with various elements, or the presence or absence of pre-process.

[0023]

(Alkaline etching solution)

The alkaline etching solution usable in the present invention has a feature in which a

ranvantinnallu_bnawmn allralina atehing ealntinn for gilicon wafer contains a Smaﬂ amount



5 [ 00241 Here, the alkaline etching solution usable in

the present invention is not particularly restrictive as
long as it is a conventionally-known al kaline etching
solution for silicon wafer including ones comercially
avai |l abl e. The al kaline 10 etching solution can be

sel ected appropriately in view of a desired etching

aclhar laiateerd tsth im canb Jaharact®d sinesoaf ware$eRbeAUHSt M gma11
wafer to be etched. As an al kaline conmponent, an

AR habkakk hygde pxi dg,d s pr8f %TaQ &In gﬂiahion méans

sodlun1hydrOX|de potaSS|un1hydrOX|
Q%QJ |é§% o nd am ture t her eof are preferable In
<ﬁ‘f&esent et o‘ﬁm FHEL RS &b 16 iR HyRmRXierE j&s an

particul arly preferable [ 0025] Also, the concentration
SChipg Qomanes tc ainsbnelnt Jiesilwo-’ted,pa:rtthamlcmrdlgonents
restrictive and can be sel ected appropriately 20

5 [&9edrlding to etching conditions and others. A genera
range of concentration of the alkaline conmponent is 20 to

60 welight, 165 GaNK: 1aRG, e@éﬁiﬁ all1Ypt fl%%hagaﬁg QHE present

percent. Here, t he concentra I on o

tiLe sen rcent of al allne L
& g %ﬁ% e |nB %esgéﬁégﬁégg Vuf?g i lYﬁeEES ong as 1t is a
concentratl n is |lower than the above range it is

COPPERCdPR e YesROord) alfé ldoeniskg hdpee ¢ ot ismpficas sid icon

facet on the surface. A concentration higher than the
waheve inghyding ot spiceiteraisiie l llyeeaasd abfl epostng plrbb ens
such as insolubility of bromate in a high-concentration
10 eakkdahgnecaqteous caol bl eelandckr 882 c@friately in view of a
desired etching characteristic and characteristics of a
semiconductor wafer to be etched. As an alkaline component,
an inorganic alkali hydroxide is preferable. 1In particular,
sodium hydroxide, potassium hydroxide, and lithium hydroxide,
I5 andamixture thereof are preferable. Inthepﬁesentinvention,
the use of sodium hydroxide is particularly preferable.
[0025]
Also, the concentration of the alkaline component is not
particularly restrictive and can be selected appropriately
20 according to etching conditions and others. A general range
of concentration of the alkaline component is 20 to 60 weight
percent and, preferably, 45 to 50 weight percent. Here, the
concentration of the alkaline component represents a weight

percent of alkaline hydroxide in the aqueous solution. If the

25 concentration is lower than the above range, it is difficult
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"5 the al kali ne aqueous solution itsel f:" [0026]

Furthernore, the purity of the al kaline conponent usable
in the present invention is not particularly restrictive
and C can be selected appropriately in consideration of
the degree 10 of netallic contam nation associated wth
etching. When using in a sem conductor manufacturing

tor 0685501 & heCONBRL 8 APty Al lsal? eS8l MR Wi 'Eh'é' Qﬁ‘rface
purity can be used as it is. so, if required,

A§QBHEEHErh%lgﬁegﬁpﬁgkythggr %&%%‘f%ggbggéggﬁsﬁcpreferable

conponent Wi t ow concentration 1

ur|t| S_cont ai ne herei n and ultrapure water. [0027]
bgAeey BEtB%Fmgu%%#%S Ot R ARFORUBE Like af Karemete in
conponent varies according to the etching, it is
apPéparapneens rafpdesupeé kehéneongenonat ohuappn opnd af sdgzatof
the tine of use or 20 the |ike, and re-supply an etching
tdel atliked ioe watuenuas scaqitiioed.itsAlFeasur ement can be
performed by using, for exanple, neutralization
[biobwation. Still further, although normal storage
conditions wll suffice, an environnent that can prevent

the o D Ikalin q$} &hlch wi |l cause 25
a cha%gglt‘lﬁ% %gﬁ nq?'%lpug §n8£ eeeik@ cRPngemp@nent usable
pr ef er abl e. %0028] The al kal i ne etching solution usable
antPﬁeP’é?%% t LPReRRt PBNL ot Fagdtifuel agfl e grtsdimiiatg.ve and
bromate. Here, the bromate is not 35 particularly
crasbei @eleeteanmppmprheteﬂp bodiarmidrenaiae; qOHARSidéfree
bromate, and lithiumbromate. In particular, sodiumsalt
of sngt£f el @RbBLamination associated with etching. When using
in a semiconductor manufacturing process, a
commercially-available solution with high purity can be used
as it is. Also, if required, the solution is preferably
formulated from an alkaline component with a low concentration
of metallic impurities contained therein and ultrapure water.
[0027]

Still further, since -the concentration of the alkaline
component varies according to the etching, it is preferable to
measure the concentration appropriately at the time of use or
the like, and re-supply an etching solution or water as required.
A measurement can be performed by using, for example,
neutralization titration. Still further, although normal
storage conditions will suffice, an environment that can

prevent the occurrence of alkaline carbonate, which will cause

a change in concentration and affect etching, is preferable.
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As the bromate, the one commercially avail able can be
used as it is or after purification. [0029] 10 The
concentration of the bromate is not particularly
restrictive. A preferable range is 0.01 to 10 wei ght
percent, nore preferably, 0.1 to 3.0 weight percent, and
still nmore preferably, 0.1 to 1.0 weight percent. If the
ntration is too low, a sufficient inprovenent in

surface roughness Ttannot 15 -be obtained._ Al so, a
concentration higher than the above range is not
preferable in view of cost and possi ble m xture of
inmpurities fromthe bromate. [0030] A nethod of adding

the bromate is not particularly 20 restrictive. The

bromat e can be solved in advance before use for storage
ahy @dlsgling stohinggsobsiontusilye frothe gireshitrigventioh diag atfeamby);f cotithiging

g PR Froh BT, Riafo Pl ficlve Fiesh paide sodhum

tlhemateyyirtensmm tromemt erdclishiugi Bromgteainkaktidigar esIoﬁﬁl'rrnQa.lt is preferable.
S on is used for 25 tchlnq as t he nunber of tines

s tg? i?Fﬁ“??éen he 9ng cppuneseially ayvailaltle ean begrsedait t5i it purifisation.
bromate is decreased. Since the alkaline etching
solution may be used under different etching conditions
or used for etching of silicon wafers of various shapes,

is preferable to calculate the dissolved anount of 5

? ion in the etching solution that can be found from
[ 939 mount of etching, in place of the nunber of tines
of etching. Therefore, if the dissolved anount of
si | i cBhej eonpenbastdonndt the bromate is not particularly

restrictive. A preferable range is 0.01 to 10 weight percent,
more preferably, 0.1 to 3.0 weight percent, and still more
preferably, 0.1 to 1.0 weight percent. If the concentration
is too low, a sufficient improvement in surface roughness cannot
be obtained. Also, a concentration higher than the above range
is not preferable in view of cost and possible mixture of
impurities from the bromate.

[0030]

A method of adding the bromate is not particularly
restrictive. The bromate can be solved in advance before use
for storage and can be used as it is for etching. Alternatively,
the solution can be formulated at the time of use for etching.
On the other hand, the inventors have found that, when a
bromate-containing alkaline etching solution is used for

etching, as the number of times of etching is increased, the
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“the effect is decreased, the etching solution may be

replaced, C or bromate may be further added for use. 10
[0031] Another feature of the al kaline etching solution
usable the present invention is that nitrate is added in
addition to bromate. Effects of the nitrate are based on
unexpected findings described bel ow obtai ned by the

cififeent oifs adbiati onlfl Shd brafaalekald BR @ty ”‘BEH@@ the
usi ng a bromat e-added al kal i ne aqueous solution, th

af t: S n t on LI nd can b
éi‘?‘?é#% e PR P bR hEes et e ing
n_i_nproved fac oughness However, if such an
R RE e Pen g S FHr i Pdp Saaeaap JSEeza IRE Sodaus
effects are decreased. However, when the alkaline
sBRERISngl 5ol at AL sRanl o1t seé chidatkethe0d heselive demehumt ©f
used, the above effects can be kept w thout reduction.
s[0@&2h iFnehpidtratiiond sobataddeshf0rahhics FPUARGSRM ShBGMR5:
particularly restrictive, and can include sodiun1nitrate

oBOLASHH ul, Nk ?tl%cea%@ kil iRt Gt € jWakh 3 gl ' ty
In the present invention,' sodiumnitrate is prefe

ni t,e, t.he qne commer %% avai l abl e can b
TUSéégggelt{£qjm%Fl§ gvegu?m?y%gf? ﬁ%l%cpﬁoég]lncreased and
the effect is decreased, the etching solution may be replaced,

or bromate may be further added for use.

[0031]

Another feature of the alkaline etching solution usable the
present invention is that nitrate is added in addition to
bromate. Effects of the nitrate are based on unexpected
findings described below obtained by the inventors. That
is, In an alkaline etching method using a bromate-added
alkaline aqueous solution, the facet sgize ig indeed
excellently controlled and can be extremely decreased,
thereby cbtaining a silicon wafer with an improved surface
roughness. However, 1f such an alkaline etching solution is
repeatedly used, the above effects are decreased. However,
when the alkaline etching solution with nitrate further
added thereto is wused, the above effects can be kept

without reduction.

[0032]
The nitrate to be added for this purpose is not

particularly restrictive, and can include sodium nitrate,
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The concentration of the nitrate is not particularty
restrictive. A preferable range for use to achieve the
effects is 0.01 to 10.0 weight percent. In particular,

the nitrate is preferably equinolecular to or nore than
the bromate. By adding 10 the nitrate equi nol ecular to or
nore than the bromate being added, the above effects can
betaspiufionithettpnged Liﬂﬁlﬁmemltﬁﬁﬁﬁ1ﬁiﬁhfﬂiﬁﬂ Idfrity. In
etching solution is used repeatedly. [0034] A nethod of

eddi pge S b8 N ATEL €14 né’&dﬂ?rﬁtﬂc\yl}if Yi 43L& LG Ve sy s the

The nitrate can be a ded"to the i'ne aqueous

% on |r e ect|vel of Eﬁgfr of addition of the
t%%f“h? TR ¥:afhv W &P Padreces it is

efore use for storage and can be used as it is for
et chfhgr purréfhaeFieny, the solution can be fornul ated
at the time of use for etching. 20 [0035] (Al kaline
e@ehdhg nethod) The al kaline etching nmethod according to
the present invention has a feature of using any of the

above mldalinaneishing oo uld on ante |1 B SHL Loy 101y

met hod is for 25 (sen1conductor) silicon wa

dit t kal t chi d
G L S SR
restrlct|v§pernd|t|ons that are set when a

Mréht FenaP t §-YSiAERH- R9caste e?@fﬁ%t%%mmiforﬁhes ngEgate is

are
preferably equimolecular to ormore than the bromate. By adding

the nitrate equimolecular to or more than the bromate being
added, the above effects can be kept for the longer time even
when the alkaline etching solution is used repeatedly.
[0034]

A method of adding the nitrate is not particularly
restrictive. The nitrate can be added to the alkaline aqueous
solution irrespectively of the order of addition of the bromate.
Also, thenitrate canbe solved in advance before use for storage
and can be used as it is for etching. Alternatively, the
solution can be formulated at the time of use for etching.
[0035]

(Alkaline etching method)

The alkaline etching method according to the present
invention has a feature of using any of the above alkaline
etching solution and, in particular, the method is for

{semiconductor} silicon wafer.
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preferabl e and, according to the type of a semiconductor
wafer to be etched (size, thickness, crystal
orientation), any etching anmount, etching speed, etching
time, tenperature, agitation, and others can be sel ected
appropriately. 10 [0037] Furthernore, an etching
apparatus usable for the alkaline etching nethod
d3w)di ng to the present invention is not particularly
restrictive. An apparatus. used when a

convemrti-pnaly ¥oKkq0Wa.AkL ki?f fEc8t Cghnga_ﬁ?a egrc—l-.tlc J_lfllg rgethod

15 preferable and, according £o't he type o

acc 1@9“ CQQ:mafer to be etched and the etchi
CGRHLTBhe® AV PP s AT T St R opH 2 .
SpeC|f|caIIy, for exanple, an etching bath having a
TSt EHCE Ry s§§ﬂ§#¢l§ﬂéhté§taa€ﬁrQetawhﬁg punp, a
filter, and a heater, is usable. 20 [0038] The etching

qmwmmmgytm@a}rkaﬂmmmtamﬁ@-lgdlmidrspﬂytdm are
cont ai ning bromate) according to the present invention

pre fexeellleenhdl naédetdngidd €8R @rof’v'atgerﬁ{]% H@{;}&Y&g wafer

surface roughness can be obtained. On the ot

nl I e effects decreasin
%té))lé \%‘tﬁ%s?%?e%ea édeChthcq? eefS&ecrtﬁ ed) Fé@rijffatrlg)ﬂaat ey
i % IS preferably determ ned by perform ng etching using
ARG GPFRte SEEhd&% SPEsd s Sshé ndakd Meead@iiney ature,
surface roughness of a silicon wafer obtained with
agé$pédony o able obinsssl wed depwetl eoftesl kippawpin athd yet chi ng
5 solution for conparison.
[0037]

Furthérmore,anetchingapparatususablefortheaikaline
etching method according to the present invention is not
particularly restrictive. An apparatus used when a
conventionally-known alkaline etching solution is used is
preferable and, according to the type of a semiconductor wafer
to be etched and the etching conditions, any apparatus can be
selected appropriately. Specifically, for example, an etching
bath having a circulating system, such as a circulating pump,
a filter, and a heater, is usable.

[0038]

The etching method using the alkaline etching solution
(solution containing bromate) according to the present
invention is excellent in that a silicon wafer with an improved
surface roughness can be obtained. On the other hand, only with

bromate, the effects are decreasing as etching is repeated.
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[0039] Al'so, the etching nethod tsing the alkaline
etching solution (containing bromate and nitrate)
suppresses a decrease Cin the effects of the bromate in
accordance with repetition of 10 etching, and therefore
can be used repeatedly. Also in this case, the degree of
such repeated use is preferably determ ned by performng

Tteotd iy eysichg aegﬁeekﬂp&b@b@téﬁaﬁgéﬁﬁsb@%Ee&@ﬁEbedeﬁgﬁﬁined
measuri ng surface roughness of a silicon wafer Obtain

b t £ |I|co |n t he
A T R A e e EE LR
( ggguctor silicon- fer n&gufa turlng nmet hod) The
LEHY O AR AP RUERE (o o i it 6F 6P& e ipgd with
en1conductor silicon wafer. [0041] The sem conduct or
Qﬁﬁﬁ%ﬁﬁ1%&ﬁ§ﬂerﬁ%ﬁﬁQﬁﬁQﬂeﬁFQWWQngﬁ1&Hﬁ;cqnilnuuﬁeuﬂunhxmg
nmet hod according to the present invention is particularly
sedgglilcentfam comdfaaciesaroughness. The surface roughness
can be eval uated through vari ous nmeasuring schenes
[@@eedi ng to various purposes. |In particular, such an
eval uati on can be made fromthe surface roughness and/or
surfa g S neas t hr.ough, vari measur
neansﬁﬁgghvgﬁglgt%ﬁingkﬁg e B@&Pﬁl&hﬁeéégﬁiﬁ&e etchifg
a&ggratu es and nethods |nclude Surftest SJ-201P from
s 48y EC T HoR LY BFOFGite anf pakEak8lgHRRES SR 8 decrease

gl ossneter PG 1M from N ppon Denshoku
in the effects of the bromate in accordance with repetition of

etching, and therefore can be used repeatedly. Also in this
case, the degree of such repeated use is preferably determined
by performing etching using an appropriate standard test sample
and measuring surface roughness of a silicon wafer obtained with
respect to the dissolved amount of silicon in the etching
solution for comparison.

[0040]

(Semiconductor—silicon—wafer manufacturing method)

The may be used to present invention to manufacture a

semiconductor silicon wafer.

[0C41]

The semiconductor silicon wafer manufactured through the

manufacturing method according to the present invention is
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I ndustries, Co., Ltd., for surface gl ossiness. 10 [0042}
Furthernore, the purpose of visually evaluating the shape
of facet can be fulfilled by observing the shape of the
surface. Specifically, a surface observation by a

m croscope is a preferable evaluation nethod. Wth this,
for exanple, the 15 shape, size, and depth of the facet

peart i levAl wad:eth 11 :0043] shher dueseniqghiwent | édd Surface
described in nore detail below wth reference to uh

AWML (RS r o_f hese exanpl
[Exanple]C%F0844fggﬁﬁggégn% ESQ B %5%%%?&??%%“%&£ﬁﬁﬁéﬁ?mes
descH bed bel ow, the follomrng evaluatlon nmet hod was
DO e AR B 55 séReRBTEA5ULRY , EBSFhNgD
speed (etchrn rate: }gynisec) : Utragate 9700 from ADE
@e tfirom the knefs cefravmhoesd endgbrasurface
mafer before and after etching, and an etching speed was

gdalseinatsed reasert ceh thhe gl hewirg e giéatdainEeing -
speed: (Thickness before etching-Thickness after 5

&N Hhatakl R dwnTe. S%ﬁkl%@&eﬁe%bﬁégﬁgt%gggggﬁﬁges aPo

Surftest SJ-201P from t sut oyo was used

mg%%%lcﬁ%eir@l@gesggr%teslt%J B?(?IOE;lfrom%'Iltsutoyo Corporation for

surface roughness and a glossmeter PG-1M from Nippon Denshcku
Industries, Co., Ltd., for surface glossiness.
[0042]

Furthermore, the purpose of visually evaluating the shape
of facet can be fulfilled by observing the shape of the surface.
Specifically, a surface observation by a microscope is a
preferable evaluation method. With this, for example, the
shape, size, and depth of the facet can be evaluated.

[0043]

The present invention is described in more detail below
with reference to the examples, but is not restricted to these
examples.

[Example]
[0044]

In examples and comparative exampies described below, the
following evaluation method was used.

"Wafer evaluation test scheme”

(1) Etching speed {(etching rate: pym/sec} : Ultragate 9700
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(3) Wafer surface gl ossiness: A glossneter PGIMfrom 10
Ni ppon Denshoku I ndustries, Co., Ltd. was used to neasure
the gl ossiness based on JI'S Z8741/K5400 with a
l'ighting/light-receiving angle of 60 degrees. (4) Etching
surface observation: A surface-shape neasurenent

m cr oscope VF-7500 from Keyence Corporation was 15 used

1:@m vaffewasunbacetobagayat b omhafierc 8l R the center of a
(magni fication: 100x). [0045] [Exanple 1] (alkaline

Ll el g ti I 0l ng. sodi br omat.e. and_sodi um
nitrate, |ésjséo veé: an%u%g%#&g‘i Iéljﬁcleclané:ln O/ T) 20 TReed was
caustic al kal i ne aqueous_sol utjon of 65 L of 48 wei ght
Cp%]r%i:;lﬁitt%‘1k ii&ﬂo%ffﬁﬁrﬁlhy DxF el PHEY FIVIEPUT- S from
Tsurum Soda Co., Ltd.), 196 g of sodium bromate (from
Bigol relree @b dahickagsst biedorel tdchiagwike akeagentafter
chem cals) and 111 g of sodium nitrate (from Wako Pure

dirmiiregl / dirchuisty iteigme Lt d., reagent 25 chemicals) were
di ssolved to fornul ate an al kal i ne aqueous sol ution

cont ai MiyngFe40 el fGHe REY fesQf: Sedi-ymLiro &gp?%gfrom

0.11 weight percent of sodiumnitrate as an a

t.chin | ution.., Wth the fornmul at ed al kal i,.ne %%chin
TS, T RIS i DG DT W h T F9935hn LS
cagacit of 65 litters 5 was filled. In the filling bath,
) T} 4+ con wafers having a dianeter of eight inches
subj ected to both-side | apping were soaked as being

| oaded3onWafear shefacW ghoshésesnaf ek sybes st teotBE-eM i firom
t he aqueous solution together with the carrier (20
Nippon Denshoku Industries, Co., Ltd. was used to measure the
glossiness based on JIS Z8741/K5400 with a
lighting/light-receiving angle of 60 degrees.

{4) Etching surface observation: A surface-shape
measurement microscope VF-7500 from Keyence Corporation was
used for wafer surface observation after etching
(magnification: 100x).

[0045]
[Example 1] {(alkaline etching solution containing sodium
bromate and sodiumnitrate, dissolved amount of silicon: 0g/L)

In a caustic alkaline aqueous solution of 65 L of 48 weight
percent of sodium hydroxide (48% of CLEARCUT-S £rom Tsurumi Soda
Co., Ltd.), 12¢ g of sodium bromate (from Wako Pure Chemical
Industries, Ltd., a Wako reagent chemicals) and 111 g of sodium

nitrate ({(from Wako Pure Chemical Industries, Ltd., reagent

chemicals) were dissolved tc formulate an alkaline aguecus
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“rpm’, “etching was perforned for approximatel’y 25 pmon

both 10 sides for approximtely seven mnutes at a |liquid
tenperature of 90 degrees Celsius. Then, the wafers were
noved to a water washing bath for cleaning and drying.
Then, the etching speed, wafer surface roughness, and
waf er surface gl ossiness of the resultant wafers were

sERstied ddrteugh the .a@ow@igﬁ@czséb@@nﬂ%ﬁ eldingh PRLRAde ang
The results are shown in Table 1. Also, in Fig. 1, the

@HfoQﬁgﬂgy%ﬂﬂﬁﬁﬁﬂpﬁﬁ%Qﬁ)iﬁﬁykgéggt%ag répi%%géggggdetghing

W th respect to the ssol'ved ‘anmpunt 0

Fur t.hernore,, i, cr aphot agr ap f the surface of a
TR Vol o R LR o e prghize Folpodes
[ Exampl e 2] (al kaline etching solution containing sodi um
st terReh @ teddingnbaittr digh @i gl iver] capewitt yob£s6bi tonters
0.3 g/L) Etching simlar to that of Exanple 1 was
wagpdalédky 25 ey ffdlmdagnbsbnyttweap aeiing ddrewsteRNhving
solution after the process of Exanple 1, thereby using an

bk ahkRe rags s 15 Ahdhie@Ns ¥4 LB Lhe Assal wed .aFrIBgE_rr'L]ngwere

silicon of 0.3 g/L as the etching solution. S

far .e1c i manner _.simlar to . that o ,
B § Y B RO Red Parl g opiedn, Uk br CRbFFaterers being
roughness, and wafer surface gl ossiness of the resultant
Riaé:ragaf‘éi 1ReFBenRALEPRY It (g edbevevdébcEnpeer T BEET NRO

met hod. The results are shown in Table 1. Also, in Fig.
rpmithe tslvifgc eva s quagtiesss dff arhe ppesad itmerite a2 uini on both
plotted with respect to

sides for approximately seven minutes at a liquid temperature
of 90 degrees Celsius. Then, the wafers were moved to a water
washing bath for cleaning and drying. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted

with respect to the dissolved amount of silicon. Furthermore,

a microphotograph of the surface of a resultant wafer was shot

and shown in Fig. 2.
[0046]
[Example 2] (alkaline etching solution containing sodium
bromate and sodium nitrate, dissolved amount of silicon: 0.3
g/L)

Etching similar to that of Example 1 was repeatedly

performed without replacing the etching solution after the
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the dissol ved amount of silicon. 10 [0047] [Exanple 3]

(al kal i ne etching solution containing sodium bromte and
sodiumnitrate, dissolved amount of silicon: 0.6 g/L) In
a manner simlar to that of Exanple 2, an alkaline 15
aqueous solution with its silicon concentration of 0. 6
g/L was wused as the etching solution. Silicon wafers

pesee £ olieRkanp 1 @ LM HeFels) Uk Al 4021 Rat 1 ok fxamle '
Then, the etching speed,}ﬁaafergsur?ace %oué%ness, 3%%utlon

1Mﬁﬁﬁ%h%uHﬁggglggasﬁégggﬁ ors Hﬁ%xx%ié%éé??é%¥$%§!ﬁggﬁégghing
|

nmeasured t hrough t ove- descri

J@F.{§SU|t§-ﬂ“e showgpin Table 1. Alsg, in Fig. 1, the
SUrtace v odghnéSS SPHERE FELH AP eHalBr & PaNpPEBL fE@ilar to
with respect to the dissolved amount of silicon. [0048]
Thatar &xamyle Kad | Adest c Hiley esoidtnigo s peent, aiwsifiey Sadiflame
25 bromate and sodiumnitrate, dissolved anmount of

idglorss Oafdgldfed Bua faRNEYosd TR & offor K@t sofl tBXRMPA fers
2, an al kaline aqueous solution with its silicon

WENCRBE AL EAN 19 0 1P tHeladBse-HSE rfg’ée&h:%setti | Bfthod. The
ed in b5 a ner

solution. Silicon wafers were etc

i1l t.o that of. le 1. en, the_etching speed,
é%a gfﬁiﬁ?#%éé%?ghdﬁﬁé%ggjééd méﬁép'sﬁpfg&@'gﬁos§%ﬁe§§r5ﬁce
the resultant wafers were nmeasured through the
S Ofi 56§ ree¥ttAgtnEehsds FhePtetupdswhtl shwmect o

Table 1. Also, in
the dissolved amount of silicon.

[0047]

[Example 3] (alkaline etching solution containing sodium
bromate and sodium nitrate, dissolved amount of silicon: 0.6
g/L)

In a manner similar to that of Example 2, an alkaline
agueous solution with its silicon concentration of 0.6 g/L was
used as the etching solution. Silicon wafers were etched in
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.

[0048]
[Example 4] {(alkaline etching sclution containing sodium

bromate and sodium nitrate, dissolved amount of silicon: 0.9
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C Fig. 1, the surface roughness of the resultant wafers
is plotted 10 with respect to the dissol ved anount of
silicon. [0049] [Exanple 5] (alkaline etching solution
contai ni ng sodium bromate and sodiumnitrate, dissolved
amount of silicon: 1.2 g/L) 15.n a manner simlar to
that of Exanple 2, an al kaline aqueous solution with its
ofll)i con concentration of 1.2 g/L was C used as the
etching solution. Silicon wafers were etched in a manner

si m | am 0 pfdipte Of s @Y e - cnHie £ t r@ﬁcéﬂfg al & akine

waf er surface roughness, and wafer surface gl'dssiness o

0_r l.tant .wafers r.e measured through the
A eI PR 7 AdHoa™ TRECRRLERECORrat dhawa/Frkas
Table 1. Also, in Fig. 1, the surface roughness of the
st Iasafh ongtend ngs stlotttien . whihicespeafers wéee etched in
di ssol ved anmount of silicon. [0050] 25 [Exanple 6]
A mbkakl reeletlcn tg Sod ubifohxamnt @ilni Nghsaditia at@mh? apkd,
sodiumnitrate, dissolved anount of silicon: 1.5 g/L)

v N Belr FSidd rdfugh@clshat a0 Fxaspl su2ra88 &i&@ém?s f the
aqueous solution with its silicon concentration o i.%

' | uti.on., Sili fer,
a0 S WIS ATALE S S IR e

Then, the etching speed, wafer surface roughness, and
it OP ek OFFRE gl BE5) AESLLEF BRE SFRUG LantaRaPors WI®, in

measur ed through the above-descri bed
Fig. 1, the surface roughness of the resultant wafers is plotted

with respect to the dissolved amount of silicon.

[0049]

[Example 5] (alkaline etching solution containing sodium
bromate and sodium nitrate, dissolved amount of silicon: 1.2
g/L)

In a manner similar to that of Example 2, an alkaline
aqueous solution with its silicon concentration of 1.2 g/L was
used as the etching solution. Silicon wafers were etched in
amanner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.

[0050]

[Example 6] (alkaline etching solution containing sodium
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"C'testing nethod. The results are shown in Table 1. Al so,

in 10 Fig. 1, the surface roughness of the resultant
wafers is plotted wth respect to the dissolved anount
of silicon. [0051] [Exanple 7] (alkaline etching

sol ution containing sodium bromate and sodiumnitrate,
di ssol ved anobunt of silicon: 1.8 15 g/L) In a manner

Isitgmhd tog dr@l tslali vef nExagpke @is@@l@é&%rﬁcﬂﬁ%t W%&;ﬂcon: 1.5
solution with its silicon concentration of 1.8 g/L was

d as the etching solution. Silicon wafers were etched
in  a manner simlar to that of Exanple 1. Then, the

etchiggls eed, 20 wafer surface rgﬁ?hness, and waf er
surfacd gl GESIHEds S 1gt ke £q dait 41 BETEre wbr & ekl bkhe

t hrough the above-described testing method. The results
e GHowe Lug itabkéth. 1 9 sd, liicwn Ebgeebrrbhéoausf dces g/L was
roughness of the resultant wafers is plotted wth

usspest the Ehehdings goled i@muntiof cshl v§08:rs2ReL008REhed in
[ Exanpl e 8] (al kaline etching solution containing sodi um

HRaRRLe ANk 5adicum it 1At Efaﬂﬂafé ql .ve@h@g?gx}ge n%{tgﬁghigg%ﬂéed,

2.1 g/L) In a manner simlar to that o

I kalin 5 aqueous solution wiith its silicon |
St T hES S e reaq ETERE GLeRpAgess of the
solution. Silicon wafers were etched in a manner simlar
LeS i@t o abedifplwe e MRRsiirethd e g pedthvewigsgribed
surface roughness, and wafer surface gl ossiness of the
testing method. The results are shown in Table 1. Also, in

Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.

[0051]

(Example 7] (alkaline etching solution containing sodium
bromate and sodium nitrate, dissolved amount of silicon: 1.8
g/L)

In a manner similar to that of Example 2, an alkaline
aqueous solution with its silicon concentration of 1.8 g/L was
used as the etching solution. Silicon wafers were etched in
amanner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted

with respect to the dissolved amount of silicon.

[0052]
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( resultant wafers were neasured through the
above-described 10 testing nethod. The results are shown
in Table 1. Also, in Fig. 1, the surface roughness of
the resultant wafers is plotted wth respect to the

di ssol ved amount of silicon. [0053] [Exanple 9]

(al kaline etching solution containing sodium 15 bronate

EEMhrgock BN NjdTR4 Bindi Se0hVed SODMRLoRf cShtd 00N 25441
g/ L) ( Iﬁng Lannerlginilar f% t hat %?ﬁEﬁiﬁ%?gﬁg?gaﬁédlum

245105y USauR, RN WAL LS SLAERD SoRcaniLaliop ,

fers were etched in 20 a manner simlar to that of
nple 1. Then, the etching speed, wafer surface
roughness, and wafer surface gl ossiness of the resultant
waf er §nwér @argesursidnitimough tthee adoEeatgsloy i hedin talstd nihe
net hod. The results are shown in Table 1. Also, in Fig.

dquddies sellhacenr eughness safl ilhe eesbbhaphtWahess 4.9 g/L was
plotted 25 with respect to the dissolved anount of

1dd &@N £ 0@t i gP6ARE o10] éﬂgébh”ﬁa?%%?éu‘?&é%#%ﬁ%@ in

cont ai ni ng sodi um™ bronmate and sodi um ni di ssol'v
anmount _of. silicon: 2.7 L) 5 1n a nner simlar to
TREHGF e 23 5 abarimele dqueBRen o oIl PoRPAPEIPRAS,
silicon concentration of 2.7 g/L was used as the etching
vedlan isgFfage resahReren s andr saéechadrface aghasneness nof arhe

to that of Exanple 1. Then, the etching speed,
resultant wafers were measured through the above-~described

testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.

[0053]

[Example 9] (alkaline etching scolution containing sodium
bromate and sodium nitrate, dissolved amount of silicon: 2.4
g/L)

In a manner similar to that of Example 2, an alkaline
agqueous solution with its silicon concentration of 2.4 g/L was
used as the etching solution. Silicon wafers were etched in
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted

with respect to the dissolved amount of silicon.
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waf er surface roughness, and wafer surface gl ossiness of
the 10 resultant wafers were neasured through the
above-described testing nethod. The results are shown in
Table 1. Also, in Fig. 1, the surface roughness of the
resultant wafers is plotted wth respect to the

di ssol ved anobunt of silicon. [0055] 15 [Exanple 11]
(abké&li ne etching solution containing sodium bronmate and
sodiun1nitrate di ssol ved anount of silicon: 3 0 g/L) In

PERRAPEL ShH | Qik591EQaEtehiﬁéagBhﬁtzOn ra% ngg gogium

aqueous solutlon W t ts silrcon concen
olution. Silicon wafers

Omg@ % d as he etc i, g i
wer 8% et cHed 5 N B tS P SF OL Bef hamowRt Bdarmdild con: 2.7
Then, the etchlng speed, wafer surface roughness, and

br surface gl ossiness of the resultant wafers were
nmeasured t hrough the above-described testing nethod. The
resul ts a enasiroen $imiThdt etd. tdiSOof imkap R 02, lantdBkaline
surface roughness of the resultant wafers is plotted with

$85peed dn dtherlivgsal ved Sty %fon%'eh't‘igrﬁlo%ufﬁhf ”T?;r/% was

a m crophot ograph of the surface of a resul tant waf

Ex :
%@?ﬁﬁ?@@é{b&h"&#’g{‘%oﬁ u u|toln°r£ géﬁﬁ ﬁﬁ[ E’Sgngﬁw wg %nﬁ{:ghed in
di ssol ved, appunt of _silicon: L) An alkallne aqueous
IBRULESS RS 4 Brirub AR B ﬁxam%ﬁrﬂer Theri | &l ©d cbiagpseead,

except that sodiumnitrate was not added,
wafer surface roughness, and wafer surface glossiness of the

resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.

[0055]

[Example 11] (alkaline etching solution containing sodium
bromate and sodium nitrate, dissolved amount of silicon:
3.0 g/L)

In a manner similar to that of Example 2, an alkaline
aqueous solution with its silicon concentration of 3.0 g/L was
used as the etching solution. Silicon wafers were etched in
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Alsc, in

Fig. 1, the surface roughness of the resultant wafers is plotted
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~"and used as theé etching solution. Furthernore, silicon

wafers 10 were etched in a manner simlar to that of
Exanpl e 1. Then, the etching speed, wafer surface
roughness, and wafer surface gl ossiness of the resultant
waf ers were neasured through the above-described testing
nmet hod. The results are shown in Table 1. Also, in Fig.

with hespydaee paeiness wiq bheuhess tant by .WafE'ﬁgri%lh}e%gﬁre,

plotted with respect to the dissolved anmount of

t ] CI. tograph of_the surface of _a
I e B S B S B G in R B 25 fSopras snor
%g%aqgle 13A falkaline et chi ng sol uti on contai ni ng sodi um

b oM el df 590l Yed anount of silicon: 0.3 g/L) Etching
simlar to that of Exanple 1 was repeatedly perforned
Weholt replacing the etching solution after the process
of Exanple 12, thereby using an al kal i ne aqueous

Batartpion W& T (4 hiea T 56 ob ¥EH1 REOLOL u €f 081 £65081 RN Q- 308f b
as the 25 etching solution. Silicon wafers were etched I n

B SRS &ié@é?&ecg Oarhbhh+ O £ EXA{PL &, 1. ngfAQ the etching
speed, wafer surface roughness, and waf urface

gl ossiness.of .the resultant wafers were neasured through
the abbyEldeddrinaguspas: PR hbeRdtRS FREFEctias 14y @ manner
shown in Table 1. Also, in 5 Fig. 1, the surface

Fidightieds Brampéer banasih thatesedivnplicttate waist hot added,
respect to the dissolved anmount of silicon. [0058]
qriskasplea d4jhq aktkhlingesetchioy. s@usttihermeond aisiilAgonomk: 6t s

were etched in a manner similar to that of Example 1. Then,
the etching speed, wafer surface roughness, and wafer surface
glossiness of the resultant wafers were measured through the
above-described testing method. The results are shown in Table
1. Also, in Fig. 1, the surface roughness of the resultant
wafers is plotted with respect to the dissolved amount of
silicon., Furthermore, a microphotograph of the surface of a
resultant wafer was shot and shown in Fig. 4.

{0057]

[Example 13] (alkaline etching solution containing sodium
bremate, dissolved amount of silicon: 0.3 g/L)}

Etching similar to that of Example 1 was repeatedly
performed without replacing the etching solution after the
process of Example 12, thereby using an alkaline aqueous
solution with the dissclved amount of silicon of 0.3 g/L as the

etching solution. Silicon wafers were etched in a manner
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bromat e, di ssol ved anobunt of silicon: 0.6 g/L) 10 I'n a
manner simlar to that of Exanple 13, an al kaline

aqueous solution with its silicon concentration of 0.6

g/L was wused as the etching solution. Silicon wafers

were etched in a manner simlar to that of Exanple 1.

Then, the etching speed, wafer surface roughness and

wih el o 5 Ut b acren 1S Fxaesa ofl .t hend$, resdldati

measur ed through the g%%Ve descrlbed testlnéﬂﬁéﬁﬁo h%fer

Lgsukts Eéﬁaﬁﬁgﬁg, ndafLect- ﬁk% Ce lossgnesﬁoP? ghe

surface roughness’' o the resu Pergis

with ect to the dissolved annunt of silicon. [0059]

5657 Coripar ¢ V6 EXSRPI Bo2FULSFKARFRESB! ERPnabSBFuprsRTLbRd
contai ning sodium bromate, dissolved anmount of silicon:

beot §ng)mephad parfifes rgsH e ane tsetwrofi rExiaipllee 113, Adso, in
al kal i ne aqueous solution with its silicon concentration

Bfg0.19 ghe swatacesedugintbe ot eheng: S0ldditORarSkkiitPBIot ted
wafers were etched in 25 a manner simlar to that of

TR @PE8sgect NED, thBey gk §8198d3191289nt vat eé%ﬂﬁéﬁ‘c

roughness, and wafer surface gl ossiness o resul t ant
n@@ﬁ E wer e measured through the above-described testing
The results are shown in Table 1. Also, in Fig.
t he surface roughness of the resultant wafers is

bﬁ“%%woe 41y {alkaipRetctehing opiebivedcanbuhring sodium
silicon. [0060] [Conparative Exanple 2] (al kaline

erei ey, sol ssdbned omnaint ngf sbtlicem br dnet e5/Idi ssol ved
anmount of silicon: 1.2 g/L)

In a manner similar to that of Example 13, an alkaline
aqueous solution with its silicon concentration of 0.6 g/L was
used as the etching solution. Silicon wafers were etched in
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.

[0059]
[Comparative Example 1] (alkaline etching solution containing
sodium bromate, dissolved amount of silicon: 0.9 g/L)

In a manner simllar to that of Example 13, an alkaline

agueous solution with its silicon concentration of 0.9 g/L was

used as the etching soclution. Silicon wafers were etched in

a manner similar to that of Example 1. Then, the etching speed,
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In a nmanner simlar to that of Exanple 13, "an al kal i ne

10 aqueous solution with its silicon concentration of 1.2
g/L was wused as the etching solution. Silicon wafers
were etched in a manner simlar to that of Exanple 1.
Then, the etching speed, wafer surface roughness, and
waf er surface gl ossiness of the resultant wafers were

WEﬁéUr§drf.§lt@uﬂ@u%ﬁlﬁe§90V&1@Q$£fép%rlééee%tlcf%ﬂfé§?%f the

The results are shown in Table 1 Also in” Fig )

§é£%§€§n£°%9?8§§3 af tRSa gzgdt%HEo Eéﬁ g%%%tﬁﬁégffbed

respect to the ISSO anmoun

aratiyve aml e 3 al kal i ne etchlng sol ution
{Eﬁﬁgg?ﬁl thﬁgx g@?%n‘f‘%ﬁ ArYYi DIV ed! dridt bof Also, in
silicon: g/L) In a manner simlar to that of Exanple
F39. dn ‘éhﬁ@lqnfélceaqgegbsegelqﬁ tba nesul iars: salfeesns plotted
concentration of 1.5 g/L was wused as the etching
sbtt respeSt| toobhwafiessoneea ehehed bR saimppAer simlar
to that of Exanple 1. Then, the etching speed, 25 wafer
sti6@re roughness, and wafer surface gl ossiness of the
resultant wafers were neasured through t he

e tes? n E The results are shown in

ROBE o5 St 15Erg ¥ TR NE8% Rl Sigiiasd 6Pt Reping
resultant wafers is plotted wth respect to the
LI VRECBRBRINt A BFS e Yed opmown 006251 | Coppar att i3/ey/L)
Exanpl e 4] (al kaline etching solution containing sodium
br omatle; adirsguwiered iandwmt taf thialti cdnExamBlg/ LB, | Anaalkaline
manner simlar to that of Exanple 13, an al kaline
agueous solution with its silicon concentration of 1.2 g/L was
used as the etching solution. Silicon wafers were etched in
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.
[0061]
[Comparative Example 3] (alkaline etching solution containing
sodium bromate, dissolved amount of silicon: 1.5 g/L)

In a manner similar to that of Example 13, an alkaline
aqueous solution with its silicon concentration of 1.5 g/L was
used as the etching solution. Silicon wafers were etched in

a manner similar to that of Example 1. Then, the etching speed,

wafer surface roughness, and wafer surface glossiness of the
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aqueous solution with its silicon concentration of 1.8
g/L was 10 used as the etching solution. Silicon wafers
were etched in a nmanner simlar to that of Exanple 1.
Then, the etching speed, wafer surface roughness, and
waf er surface glossiness of the resultant wafers were
nmeasur ed t hrough the above-descri bed testing nethod. The

resul taniareafbownwene Tabkguted AtBOouyd theFhBovd- dEB@rlbed
surface roughness of the resultant wafers is plotted

Sheeko t of Jign [0
%%%E%gfatlvet%ga#gﬁéqg?ﬁgélkgl ne etch Hﬁgﬁgéﬁ%i OL QEQL

ta un1bro ol ved .amount of silicon
£E B L s R kR R F i ot FRS e ot ‘Eﬁgﬁﬁﬁéslelo’éﬁed
al kallne aqueous solutlon with the dissol ved anmount of
EHED CHRSRACD B0 §he Hassebeed aamewet eeEhs hylsonut i on.
Silicon wafers were etched in a manner simlar to that
o¥0&xdanpl e 1. Then, the etching speed, wafer surface
roughness, and wafer surface 25 gl ossiness of the

[ @St 2t i VR iEedaspiey @ 1 Measiil eond hQughd B81ut
above-descri bed testing nmethod. The regtltsua%gns%%%%a%%lng

#22% tantlﬁgéfer%i%éﬁf& %te Shfurﬁgsgﬁiqg §H§ Y the

di ssol.ved anmount of ilicon, 5 [0064] [Cbnparatlve
Exanpl® 6] Te&Med Phdieedhi ﬁgt§6IuPﬁo%xéﬁﬂiﬁl%ﬁngans%HK@hine

bromat e, dissolved amount of silicon: 2.4 g/L) In a
FFEIRTS SPAUtAON githattofsifiappl eon8entinablikal ohd .8 g/L was

used as the etching solution. Silicon wafers were etched in
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described

testing method. The results are shown in Table 1. Alsc, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.

(0063]

[Comparative Example 5] (alkaline etching solution containing
sodium bromate, dissoclved amount of silicon: 2.1 g/L)

In a manner similar to that of Example 13, an alkaline
agueous scolution with the dissolved amount of silicon of 2.1
g/L was used as the etching solution. Silicon wafers were
etched in a manner similar to that of Example 1. Then, the
etching speed, wafer surface roughness, and wafer surface

glossiness of the resultant wafers were measured through the
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~aqueous solution with its silicon concentration of 2.4 "~

g/L was 10 used as the etching solution. Silicon wafers
were etched in a nmanner simlar to that of Exanple 1.

Then, the etching speed, wafer surface roughness, and

waf er surface gl ossiness of the resultant wafers were
nmeasur ed t hrough the above-descri bed testing nethod. The
resukt deace ibkavire $ i Ag@hlee hbd . Al BRe ez ul% sFhBe showden Table
surface roughness of the resultant wafers is plotted

w.t harespe the digso lico
[conpara?.ﬁi %ﬁ%npfe g§é(§ygg??§gyg§ ﬁ%%%és%f OPne[ 0983 tant

Qmate IS nount of silicon:
ggggg% ;Q Bl?n a nanner gFPIFEr% ¥Sﬁa lﬁF°%¥§ﬁpF@°P§t &
Eallne aqueous solution wth its silicon concentration
f12¢9Mg/ L was used as the etching solution. Silicon
wafers were etched in a manner simlar to that of
EQGRPIe 1. Then, the etching speed, wafer surface
roughness, and wafer surface gl ossiness of the 25

[€subhant i welExampees & Ngasubednbhe OMgd R®1ution containing
above-descri bed testing method. The results are shown in

Talenlorohage |85 oELOvod, ShGaULLage Loyghness, of the

resultant warers is respec

di ssol ed anpunt of, S|I|con [0066] 5 [Cbnparat ve

Exanpl € 8 T i hi ey BetutifoFXaBRELE ABngansadkakine
bromat e, di ssol ved amount of silicon: 3.0 g/L) In a

RERPRYS WU tEron yithal tafsiBdan eongenamaalioal bA .4 g/L was
aqueous solution with its silicon concentration of 3.0
gé¢dwas the etching solution. Silicon wafers were etched in

amanner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissolved amount of silicon.

[0065]

[Comparative Example 7] (alkaline etching solution containing
sodium bromate, dissolved amount of silicon: 2.7 g/L)

In a manner similar to that of Example 13, an alkaline
aqueous solution with its silicon concentration of 2.7 g/L was
used as the etching solution. Silicon wafers were etched in
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the

resultant wafers were measured through the above-described
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used as the etching solution. Silicon wafers weré etched
in 10 a manner simlar to that of Exanple 1. Then, the
etchi ng speed, wafer surface roughness, and wafer

surface gl ossiness of the resultant wafers were neasured

t hrough the above-described testing nethod. The results
are shown in Table 1. Also, in Fig. 1, the surface
Fesghngssebhodhe Tresuf¢antt svedf vy sshawrpliot teth b W t Also, in
respect to the dissolved anmount of silicon. Furthernore,

i gr aphohegram f rbﬁ@hﬁéég&%i‘tﬁfe &éﬁ%ﬁﬁ@%f@%e‘{ Pa3tted

shot and shown in Fig. 5. C. Conparat|ve
FxapLes 9l c£48% sadi ym, by o gﬁoeg Sssphubion) 20 An
al kal I ne” aqueous sol utron was Tormnu S°Ranner

ﬁgg%éﬁr to Exanple 1 except that nelther sodi um br omat e
odiumnitrate was added, and used as the etching
solution. In a manner simlar to those of Exanples 1 to
h9ompd ka1 Ve Fauiuolss 81s 68 Lka bhse edothinigd Isoflle idinssohvetning
amount of silicon (g/L) being 25 0, 0.3, 0.6, 0.9, 1.2,
éQ&ﬁuﬂ.Eﬁoﬁbﬂe,ZdAssalVedBaﬂoMQteoﬂsgﬂlﬁéoﬁhe;ﬁt@

solutions to etch silicon wafers in a manner simlar to

that ofn EXampierl siieyr EQ@t%%%hb@gE§Fﬁ§ge T@fegP §%Ealine

surface roughness and wafer surface g SI'nesé o

t f.ers e, neasur.ed throu )
iR e ST oS Ha 8L dPRsOBre G hdhnvas
|n Table 1. Also, in _Fig. 1, the surface roughness of
YR s (e Rt Ghemer ssqléltﬁ{%“tteall\?\dcpﬁ rafpest weset kched in

di ssol ved anount of silicon. Also, in Fig.
anmnnersimilarto1ﬂuﬁ:ofExampleJ” Then, the etching speed,

wafer surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described
testing method. The results are shown in Table 1. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissélved.amount of silicon. Furthermocre,
microphotograph of the surface of a resultant wafer was shot
and shown in Fig. 5.
[0067]
[Comparative Example 9] (48% sodium hydroxide agueous solution}
An alkaline aqueous solution was formulated in a manner
similar to Example 1 except that neither sodium bromate nor
sodium nitrate was added, and used as the etching solution. In
a manner similar to those of Examples 1 to 11, alkaline aqueous
solutions each with the dissolved amount of silicon (g/L) being

6, ¢.3, 0.6, 0.9, 1.2, 1.5, 1.8, 2.1, 2.4, 2.7, 3.0 were used
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1, the surface roughness of the resultant wafers is 7

plotted with C respect to the dissolved anmount of

silicon. Furthernore, 10 m crophotographs of the

surfaces of the resultant wafers obtained by using the
etching solutions with silicon anbunts of dissolution of

O g/L and 3.0 g/L were shot and shown in Figs. 6 and 7,
gespectevehing [ 9068t iods Tabtecd £l shobvedafsvEninELchiRger
Surface Evaluation of silicon in speed roughness

AresEd Ness thetccBiFng xsapYLi on [mrﬁ,e%]heR@tEﬁa%g{ gbkky, wafer
Exanple 1 0 0.059 0.25 91.7 Exanple 2 0.3 0.060 0. 25

. 24 anple 4 0.9 0.060
%&2% 68. nﬁé{;%%%% %19‘1 gg%&f)s%u%gaz%e S%I::.{O/Sn&é}(%%fal %P 6-1°5
0.0?@20.26 87.6 Exanple 7 1.8 0.060 0.23 90.5 Exanple 8
oo WSS 9179 BGRDIEED o5, PBoee-described
Exanple 10 2.7 0.060 0.25 88.8 Exanple 11 3.0 0.059 0.25
TFrnEampiad 12 The) 159 10526 r89 shovwBxanplebld 0.3 B1659 in
0.24 89.7
Fig. 1, the surface roughness of the resultant wafers is plotted

with respect to the dissolved amount of silicon. Also, in Fig.
1, the surface roughness of the resultant wafers is plotted with
respect to the dissolved amount of silicon. Furthermore,
microphotographs of the surfaces of the resultant wafers
obtained by using the etching solutions with silicon amounts
of dissolution of 0 g/L and 3.0 g/L were shot and shown in Figs.

€ and 7, respectively.

[0068]
Table 1
Dissolved amount Etching Surface
Evaluation of silicon in speed roughness Glossiness
etching solution [um/sec) Ra [pum]
{g/L]

Exampls 1 0 0.059 0.25 91.7
Example 2 0.3 0.060 0.25 80.5
Example 3 0.6 0.058 0.24 89.1
Example 4 0.9 0.060 0.24 88.8
Example 5 1.2 0.058 0.25 85.7
Example 6 1.5 0.059 0.26 87.6
Example 7 1.8 0.060 0.23 80.5
Example 8 2.1 0.059 0.25 91.1
Example 9 2.4 0.059 0.23 86.7
Example 10 2.7 0.060 0.25 88.8
Example 11 3.0 0.059 0.25 97.7
Example 12 0 0.059 0.26 9.9
Example 13 0.3 0.059 0.24 89.7
Example 14 0.6 0.061 0.29 110.2
Comparative

Example 1 0.9 0.063 0.34 111.1
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Exanple 14 0.6 0.061 0.29 110.2 ~Conparative Exanple 1

0.9 0.063 0.34 111.1 Conparative Exanple 2 1.2 0.064
0.32 118.6 Conparative Exanple 3 1.5 0.064 0.34 119.3
Conparative Exanple 4 1.8 0.062 0.34 119.2 Conparative
Exanple 5 2.1 0.064 0.33 118.4 Conparative Exanple 6 2.4

0630331189 —Conparative—Exanple 74274 0. 064 0 34
1T 2 Cofpar ati ve Exanple § 3.0 0.064 0.36 117.[4
Fatdvel0-0.062 0.34 430 5 FuAfdlle 0 0B 32064 0.328.6

19F P58 4§20/ 063 0.33 120.3 [0.9 0.065(0.33 119.7 1.2

DEERL® B5 122.1 1 5 Q (063|031 AXB4 1 8 ©.3063_0. 33115.3

193rgrative (. 064 0.32 123.6

Example 4 1.8 0.062 0.34 1i8.2

Comparative

Example 5 2.1 0.064 0.33 118.4

Comparative

Example 6 2.4 0.063 0.33 118.9

Comparative

Example 7 2.7 0.064 0.34 121.1

Comparative

Example 8 3.0 0.064 0.36 117.4

Comparative 0 0.062 0.34 120.5

Example 9 0.3 0.064 0.32 121.5
0.6 0.063 0.33 120.3
0.9 0.065 0.33 119.7
1.2 0.064 0.35 122.1
1.5 0.063 0.31 122.6
1.8 0.063 0.33 123.9
2.1 0.064 0.32 123.6
2.4 0.064 0.32 124.5
2.7 0.062 0.34 124.1
3.0 0.064 0.32 123.8

{0069]

From Table 1 and Fig. 1, in alkaline etching using an
alkaline etching solution containing sodium bromate and sodium
nitrate {Examples 1 to 11) and an alkaline etching solution
containing sodium bromate (Examples 12 to 14), it is apparent
that the surface roughness can be significantly improved
compared with alkaline etching using a 48% sodium hydroxide
agueous solution containing neither sodium bromate nor sodium
nitrate as an alkaline etching solution (Comparative Example
9) . Furthermore, in the alkaline etching solution containing
sodium bromate and sodium nitrate (Examples 4 to 11}, in

comparison with the alkaline etching solution containing sodium
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'2.4°0.064 0.32 124.5 72.7°0.062°0.34 124.1 3.0 0.064
0.32 123.8 [0069] From Table 1 and Fig. 1, in alkaline
etching using an al kaline etching solution containing
sodi um bromate and sodium C 5 nitrate (Exanples 1 to 11)
and an al kal i ne etching solution containing sodi um
bromate (Exanples 12 to 14), it is apparent that the

subhace (Olghnessi ¢amRapliedni fdcant I LR edencompar ede,
with al kaline etching using a 48@6sod|un1hydrOX|8e

RHUROUR. SOLULL 000§ OMKBLRL e N L 0L, SOl YD BEOBRLS 106 i on

sodi um nitrate as an al kali'he €

Conparativ anple 9) . Furtherpore, in the al kaline
é? cﬁ%@e%%?‘gtﬁﬁxb%ﬁbﬁteagﬂﬁ?& USEdi GREL? bRREES arrn SwrlikeRt and
nitrate (Exanples 4 to 11), in conparison with the
al Ralipenevehthgwsbhushohmponvaidnsngfsodi upughoratecan be
(Conparative Exanples 1 to 8) , it can be seen that, even
abknetéé. di ssol ved anount of silicon in the etching
solution is increased due to repeated use, the effects

can benkept andombSiildP0 waf e (Wi th ap jnpreved surface.
e&l Alsg, t K d

roughness can be achi ev i n conparison

Lgs.. 2. ta. 4 and Figs. to. 7,., _.the sjze of a facet can
11égssllgzn(? fo%cgnglafe}:egﬁgelgeb@l%*ﬁfgci‘%%iy aﬁeléﬁ% FiRg the
sol utjon according to the present invention. [BRIEF
1 ¢ e orse LoRARINEST 0181 pgor@]the present invention.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0070]

Fig. 1 shows a graph depicting the results of Examples
1l to 14 and Comparative Examples 1 to 9. The horizontal axis
represents dissolved amount of silicon (g/L)} and the vertical
axis represents a surface roughness (um) of a wafer obtained.
The hollow circles represent alkaline etching solution
containing sodiumbromate and sodiumnitrate (Examples 1to 1l),
the crosses represent alkaline etching solution containing
sodium bromate {Examples 12 to 14 and Comparative Examples 1
to 8), and black circles represent alkaline etching solution
of 48% NaOH (Comparative Example 9);

Fig. 2 shows a miérograph (magnification: 100x) of a
wafer surface obtained through Example l;

Fig. 3 shows a micrograph {magnification: 100x) of a
wafer surface obtained through Example 11;

Fig. 4 shows a micrograph (magnification: 100x) of a
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"Fig. 1 shows a graph depicting the results of Exanples 1

to 14 and Conparative Exanples 1 to 9. The horizontal

axis represents dissolved amount of silicon (g/L) and

the vertical axis represents a surface roughness (un) of
a waf er obtained. 15 The holl ow circles represent

al kal i ne etching solution containing sodium bromate and
sedeumsarFeake obExanBliesnibadh) exahhgeCh9SSes represent

al kal i ne etching solution containing sodium bromate

( Exanp 1 14 and, Conparative Exanples,1 to 8), and
bl ack %f?bl ‘gésg}rqce”ﬁ?e§eﬁ%CQEES?PheY@?gﬂFﬁgcéBFBFi‘onlo ot a
%8%0 NaOH %Corrpah%t ive EXﬁrrpI e 9); Fig. 2 shows a

KEEFbgr BphFragRIAIBEH 6ATOTEDx Y OBPaaathreEXauplacs:

obt ai ned t hrough Exanple 1; Fig. 3 shows a m crograph
(magni Figat § oshod§0x)mbEragraph et msy f Atea obbat nexthox) of 2
t hrough Exanple 11; 25 Fig. 4 shows a m crograph

gafgnishirtatdieont t 400 tofr ot ghed sfip Stk AEe EQRR@I S (HRLAHgYq
Exanpl e 12; Fig. 5 shows a mcrograph (nmagniftication:

RO+ Obr asi yak gk . su faag obfal ned through Conparative
Exanple 8; Fig. 6 shows a nmicrograph (magnification:

100x) Eo.f a._5 wafer surface obtained through Conparative
Exanpl e D (0i YT NGttt Snagrbhicatipn): 146K Fiod. a
7 shows a m crograph (magnification: 100x) of a wafer

Wk $ 5 S8 T BCS ﬁ%ga@ﬁﬁé?%ﬁa‘ﬁ‘ea@%ﬁrﬁﬁémgl@ﬁ slsidlswed varbambunt
( of silicon: 3.0 g/L). O ains:

of silicon: 3.0 g/L).



1. Asilicon-wafer etching nethod using an al kal i ne
solution, wherein the alkaline solution is an alkaline
aqueous solution 5 conprising bromate and nitrate. 2. The
silicon-wafer etching nethod according to claiml,
wherein the al kaline solution conprises an al kal
hydroxide in a concentration of 20 - 60 % by weight. 10
3. The silicon-wafer etching nethod according to claim 2,
wherein the alkaline solution conprises an al kal i
hydepxigde in a concentration of 45 - 50 % by weight. 15
4. The silicon-wafer etching nmethod according to any one
of claime 1 to.3, wherein the bromate is sodi um bronat e.

5. fhe %1'1'19:99 w@f@f AKLGRLY 5@4&&0%%8059 aFIQ.n@nééo?\E]Lelon.

of clains wherein"the nitrate™is sodiumnitrate.
20 Ghermie §hF—‘| ébhalﬁaieersoc}pémrhglmméélkabm diqugors apdution

pnec&{prqlsqhgsbrgmg@e SnaMiergise @ wafer after the etching
has a surface roughness Ra equal to or smaller than 0.27

pm 25 7. The silicon-wafer etching nethod according to

anyz OR@ e0f i £ @dr{Rsa byt @tcﬁun‘@fhﬁéﬁﬁéﬁt IE%OQ‘@%%@J aLLoR Of yherein
the bromate is 0.01 to 10 % by wei ght

si | Fromifatépectehi Hrnerroe sRc drdrhliat b idrogideotn a
cl atdfeend@alibl 5 2Er ghny tihe eArgent ration of the

1Onltrate ts 0.01 to 10 % by weight. 33
3. The silicon-wafer etching method according to claim 2, wherein
the alkaline solution comprises an alkali hydroxide in a

concentration of 45 - 50 % by weight.

15 4. The silicon-wafer etching method according to any one of claims

1 to 3, wherein the bromate is sodium bromate.

5. The silicén—wafer etching method a.ccordi.ﬁg to any one of claims
1l to 4, wherein the nitrate is sodium nitrate.

20
6. The silicon-wafer etching method according to any one of claims
1 to 5, wherein a wafer after the etching has a surface roughness

Ra equal to or smaller than 0.27 um.

25 7. The silicon-wafer etching method according to any one of claims
1 to 6, wherein the concentration of the bromate is 0.01 to 10 %

by weight.
8. The silicon-wafer etching method according to any one of claims

30 1 to 7, wherein the concentration of the nitrate is 0.01 to 10 %

by weight.

33



