[ Name of Docunent] Specification [Title] Al kaline etching solution for

sem conduct or wafer and alkaline etching nethod 5 [Field of the Invention]
[ 0001] The present invention relates to a field of sem conductor-wafer
manuf acturi ng technology and, in particular, to a novel alkaline etching
solution for silicon 10 wafer, an al kaline etching nethod using the

sol uti on, ?Naﬁb'590Bb&@ﬁ%htW?EE%@?EEEE@%oHEthOd using the solution, and

further a silicon wafer obtai rough the method. [Background] [0002]
15 When a sjlico fer.for use in integrated circpuits, such as ICs and
LSI's, and Eﬁ%tigiﬁ%ﬂﬁ%ﬁﬁﬁ%n%lsé’ 0 EQERS R CoARCT ST L en@ldi odes,
a nonocrystal obtained through a Czochral ski method (CZ nethod) or a

fl oati ng- zBhEakbPROBECRZNINBERBEY is cut of f by using an

i nner-di aneter-bl ade cutter or 20 a wire saw for beveling of sidelines and,

after a lap process (lapping) is performed for inproving the flatness on a
main surface wth free abrasive grains, wet etching is perfornmed for

removing aypre¢gssrdtatonhi,@R-apRNi ed to the wafer through the
above- nentioned processes and then mrror polishing is 25 perforned. Such

wet etching bgghudes acid etching using a mxed - 1 acid of, for exanple,
hydrofluori8 frd, nitric acid, and acetic acid, and al kal i ne etchi ng using

al kali, such as sodi um
The present inventlion relates to a field of

semiconductor-wafer manufacturing technology and, in
particular, to a novel alkaline etching solution for silicon

10 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]

15 When a silicon wafer for use in integrated circuits, such
as ICs and LSIs, and discrete semiconductor elements, 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

20 a wire saw for beveling cof 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 to the wafer through the
above-mentioned processes and then mirror polishing is

25 performed. Suchwetetchingincludes acidetchingusingamixed
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hydr oxi de or potassi um hydroxide. [0003] 5 Wile acid etching 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 |arge etching
rate to cause deterioration in flatness of the wafer inproved through a

| appi ng process. 10 On the other hand, although the etching rate is slow,

alkaline elcaly b, 1% AlaRgYANtAGe o2 1eaaab & &f nfRFRLM e bl Aldiens Of the

waf er inproved through a 1appi Ag process, ereby achieving a wafer with

t he excel |l ent, fl atne fter .etching. .In recent, years, to allow finer
mi cr of abr iFCa 0f %A ﬁ%@iéﬁere 80! -ﬁnﬁléﬁ ’neséjs‘ﬁ%a?ss Henanded for

sem conductor wafers. For this reason, this alkaline etching has been

wi del y uséydogFools] am Rate s i invsissdiiang t echnol ogy that has been used so
20 far, an al kaline conmponent with a concentration snmaller than 48 to 50
wei ght per[@&®3]i n an al kal i ne etching solution has w dely been used. [0005]
However, such an al kaline etching solution widely used 25 in general has

ani sot 5opy i n WaiGh -an 81 CRILRE, 1$REEE R 1A 161k e 2 1f.acg and an etching
speed on a (111) suer age are dilfggr er?t nf raom eagﬁeot ﬁgr%%ppfogxi mately sixty

E gefgsngg,?:g)rnec?r&tll ne?gdaghééchfr?gsq:sétae agbilheemsltgtvéhéghchae Cs%r}: a\éee 8]9rttﬂeon

wafer after etching, there are drawbacks of a large etching rate
to cause deterioration in flatness of the wafer improved through
a lapping process.

10 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

15 extremely high-level flatness has been demanded for
semiconductor wafers. For this reason, this alkaline etching
has been widely used.

[G004]
In the alkaline etching technology that has been used sc

20 far, an alkaline component with a concentration smaller than
48 to 50 weight percent in an alkaline etching solution has
widely been used.

[0005]
However, such an alkaline etching solution widely used

25 in general has anisotropy in which an etching speed on a (100)
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to as a "facet") occurs on the surface of the wafer, and 5 asperities renmain
on the surface of the wafer after etching. |f such asperities on the
surface of the wafer are large (if the surface roughness is large), this
poses problens of the occurrence of particles in the device manufacturing
process and a decrease in productivity in a polishing process. 10 [0006] To

address su I , i | .0os 1N o, f e ese
ot et Ll o e o g o 88 e s e n e AL e LR eAEERS 1 &

al kaline splution,with a _high .concentratio equal to or |.arger an 50
wei ght per%(E,‘%Ifl)e""icé1 iéhteféead)%om%]&?ﬁ e§1Y f’ﬁ&@&%f’ﬂ&%ﬁ%ﬂe%ﬁ&me s’seh tfie
i nfluence of anisotropy, thereby decreasing the size of the facet to
i nprove tReSeTLfRERLIFUdRIETECh Bovaave pREtApRalliate gl iftepreRiErhed high
concentration may be frozen in winter, thereby posing a problemin view of
conveni enceo 29 4 00DdF¢eThenocthes eohashbeenr 84congf dehandafer, t Aadal kal i ne
etching solution for silicon wafers which is capable of inproving the
surface ropghoese; o Mahels W s U NG 1e thal alrepe gebut beRnhLh high
concentration. 25 [Disclosure of the invention] - 3 [Problemto be sol ved]
[ 0008] An ppj ect, of the“%resent i.nvention isft% provi.de an ilkaline
ace o h ar I

sol ution capablre Rt oV heh i oA © wafer are ge (If

the surface roughness is large)}, this poses problems of the

et chi ng

occurrence of particles in the device manufacturing process and
a decrease in preoductivity in a peolishing process.
10 [0006]

To address such problems, a technology disclosed in, for
example, Japanese Patent.Laid-Open.Publicqticw1No. 2003-22938%2
has been suggested, in which a alkaline solution with a high
concentration (equal to or larger than 50 weight percent) is

15 wused 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 sclution with a
high concentration may be frozen in winter, thereby posing a
problem in view of convenience.

20 [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,

25 [Disclosure of the invention]



5 roughness even with a relatively |ow al kaline concentration that has been
conventionally widely used, an al kaline etching mnethod using the solution,
a silicon-wafer manufacturing nethod using the solution, and further a
silicon wafer obtained through the nmethod with its surface roughness being
i nproved. 10 [0009] The inventors have diligently studied in order to
devel op ap&xAed e R kali ietching solution that satisfies the demands
descri bed above and, as a result, have found that, by wusing a bromate-added
al kal i ne %t%ﬂfqg solution as a caustic 15 al kali ne agueous sol ution

general ly ﬁgeé, the size of a facet occurring on the surface of a silicon
waf er can be reduced, thereby conpleting the present invention. [0010]

Al so, the invenfdr §PH&FE Pduidet Paeseffte iy epit Lpnorwt &0 POtk med from t he
findings in alkaline etching can be kept by adding nitrate, thereby

conpl et i ng ltked ipree serath fimy esttlivorion [kl eThat dingrdhiengresantfadwent i on
relates to an al kaline etching solution in which an al kal i ne aqueous

sol uti en GRRAMS s 22N YBLE 5 ﬂcel[aqg%lflir&hh%ﬁ:kathen r ntl AM4EY] on

relates to an al kaline etching solution’in which an al kal 1 ne aqueous

solution gontaing poromate and; MLy Al&: 229423k an alkaline etching

method using the solution, asilicon-wafer manufacturing method
using the solution, and further a silicon wafer obtained through
the method with its surface roughness being improved.

10 [0009]

The inventors have diligently studied in order to develop
an excellent alkaline etching sclution that satisfies the
demands described above and, as a result, have found that, by
using a bromate—added alkaline etching solution as a caustic

15 alkaline aquecus solution generally used, the size of a facet
occurring on the surface of a silicon wafer can be reduced,
thereby completing the present invention.

[0010]

Also, the inventors have found that effects of bromate

20 obtained from the findings in alkaline etching can be kept by
adding nitrate, thereby completing the present invention.
{0011} |

That is, the present invention relates to an alkaline
etching solution in which an alkaline agueous solution contains

25 bromate.



Still further, the present invention relates to the alkaline 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] Still further, the present invention

relates to a method 15 of etching a silicon wafer with an al kal i ne
solution, wherein the alkaline solution is a caustic al kaline aqueous
solution containing bronate [0016] Still further, the present invention

ol ut fon, “wher 61" L TSR Ta ST G R OIS O RO vk e Hs
solution containing bromate and nitrate. [0017] Still further t he present
i nventi on erté?féﬂtr&sf)gut:ﬁ@n B whiL Choih 2d&R A Net aFRRIIEOASE L omherrt alnfie
bromate is sodium 5 bromate. [0018] Still further, the present invention
rel ates tdtdmtsidndon-twadtes. et chi ng net hod, wherein the nitrate is sodium
5 nitrate. [0019]
5 [0013]
Still further, the present invention relates to the
alkaline etching solution, wherein the bromate is sodium
bromate.
[0014]
10 Still further, the present invention relates to the
alkaline etching solution,. wherein the nitrafe is sodium
nitrate.
[0015]
Still further, the present invention relates to a method
15 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
20 of etching a silicon wafer with an alkaline solution, wherein
the alkaline solution is a caustic alkaline aqueous solution
containing bromate and nitrate.
[0017]

Still further, the present invention relates to the

25 silicon-wafer etching method, wherein the bromate is sodium



Still further, the present invention relates to a nethod of manufacturing a
sem conductor silicon wafer, conprising the step of perform ng al kaline
etching by using a caustic al kaline 10 agueous solution containing bromate,
wherein a wafer after the etching has a surface roughness Ra equal to or
smal ler than 0.27 Pm [0020] Still further, the present invention relates
to a net hedomk®eqf manufacturing a sem conductor silicon wafer, conprising
the step of perform ng al kaline etching by using a caustic al kaline

aqueous sqb%q@qn wi th bromate added thereto, wherein a wafer after the
etching has a surface roughness Ra equal to or smaller than 0.27 pm 20

[ Effect of the inVﬁEtion% %002%] By using . the alkaline etching solution
(sol ution cont &ithithg THFGREEe) thet RECSERE dRVERE 1PRc&E1@AR o OSitdsi fi cant | y
reduced and the surface roughness of the wafer can be inproved 25 w thout

si gni fi castl ldeoneaed eim edtodhingy mspded], odeparied thiet mitdatiche scaseliofm usi ng a
caustic al kal i ne aqueous solution conventionally used in general. Al so, the
surfacg reughnaess can be sufficiently inproved wi thout a high-concentration
al kal i ne aqueous sol ution. Therefore, alkaline etching can be 5 conveniently
perfornedioﬁq@qhernnre, by using an al kaline etching solution (solution
containing bromate and nitrate), bromate consunption is suppressed in the

course of alkali,n
Stgll 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
10 aqueous solution containing bromate, wherein a wafer after the
etching has a surface roughness Ra equal to or smaller than 0.27
um.
[0020]
Still further, the present invention relates to a method
15 of manufacturing a semiconductor silicon wafer, comprising the
step of performing alkaline etching by using a caustic alkaline
agueous solution with bromate added thereto, wherein a wafer
after the etching has a surface roughness Ra equal to or smaller
than 0.27 um.
20 [Effect of the invention]
[0021]
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

25 without significant decrease in etching speed, compared with



etching, thereby keeping the above-described effects. Thus, it is possible
to perform al kaline etching capable of obtaining 10 a wafer with i nproved
surface roughness in an extrenely econom cal manner with a | ow
environmental | oad. [Best enbodinent for carrying out the invention] [0022]
(Silicon wafer) 15 A silicon wafer capable of being etched by apply the

et ching solid i@ 0o e iRIELILMadSPARNH 1904 11 1% N Y R %Jﬁmjyon restrictive.
The etching solution of thHe present invention can be applied to various
silicon wafers canventionally.know to. the art. .Specifjicall t.here are no
limtati or(fs(,mlvr?ng_’llzocg[f1 Wéﬁsaeﬁ%tlélr ggﬁﬁrfaf]ri'cl(’%]e%%) th hseu%#ae%%n%%u%?nea%%ence of
doping with various elenents, or the presence or absence of pre-process.
[0023] (A9 e setfdHicigrdautlimg e vk wiiuthe dieiiTprsstnfiiami decor di ng
to the present 25 invention has a feature in which a conventionally-known 7
al kal i ne etldhiligesatjutbon falrutsidn cofhwakdo regnd hkakiae saddinquoadrite of
bromate. Here, the al kaline etching solution neans an aqueous sol ution

cont ai pi ng:oaﬁreﬂi@itil?e 6@3&%@& ag 18R he@heRENIHLGONRIAGNE naRd K alifi nkequi r ed,
ot her conponents. 5 [0024] Here, the al kaline etching solution usable in the

Dresen MO0 PSR LB B o 380kl 2
bromate consumptiocn is suppressed in the course of alkaline
etching, thereby keeping the above-described effects. Thus,
it is possible to perform alkaline etching capable of obtaining

10 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)

15 A silicon wafer capable of being etched by apply the
etching solution of the present invention is not particularly
restrictive. The etching solution of the present invention can
be applied to various silicon wafers conventionally known to
the art. S8pecifically, there are no limitations in size

20 (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 according to the present

25 invention has a feature in which a conventionally-known



waf er including ones cormmercially avail able. The al kaline 10 etching
solution can be selected appropriately in view of a desired etching
characteristic and characteristics of a sem conductor wafer to be etched.
As an al kal i ne conponent, an inorganic alkali hydroxide is preferable. In
particul ar, sodi um hydroxi de, potassium hydroxide, and |ithium hydroxide,

15 and a mivkkuieet Beceohgakelpeebar abkesil fcbheyPresedini Hvedtd Apa11t he use
of sodium hydroxide is particularly preferable. [0025] Also, th

t he
concentr at,i f in nt.LS+0 rticularly. restrictive and
can be se%ggﬁg' 3%2?%%$%g%él3kg%gp§%%b%é%§élﬁ% %?g%%%% %%%%? TONS i
others. A %gneral ran i of, concentration of the al kaline conponent is 20 to
60 wei ght 2TpEAYERUSaRE L Uhriee CORMER1TASG 3156 LkSildRe Farsien tHérse an he
concentration of the al kaline conponent represents a weight percent of
al kal i ne ®yehdxigdeomp oniea tagmebus fs degriiord, | othee 2®mpameerits.ation is | ower
than the above range, it is difficult 8 to control the etching speed and

suppress gobaagt on the surface. A concentration higher than the above
range is not preferable because of posing problens such as insolubility of

ho kel e annSlae AEFANRANLAR & (RIAGEAMIMB SOLIL LN ROG I Rege O\ °

t he al kal i ne aqueou$ sol ufi on urt hernor e, purity of the
al kal i ne Cogponent usable in the r&sent inyention is_not particularly
restrictivé &H&}w@aﬁsbaoge%e{ﬁéauégﬁ BpFFat Bl Gt e cofst oY at F okt ofS the

degr ee conventionally-known alkaline etching sclution for silicon
wafer including ones commercially available. The alkaline
10 etching solution can be selected appropriately 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. In particular,
sodium hydroxide, potassium hydroxide, and lithium hydroxide,
15> and amixture thereof are preferable. In thepresent invention,
the use of sodium hydroxide is particularly preferable.
[00251]
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 agueous solution. If the
25 concentration is lower than the above range, it is difficult
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10 of netallic contam nation associated with etching. Wen using in a

sem conduct or manufacturing process, a comrercially-available solution with
high purity can be used as it is. Also, if required, the solution is
preferably formulated froman al kaline conponent with a | ow concentration
15 of netallic inpurities contained therein and ultrapure water. [0027]

Still furthegoniStdtenkher @one@rbeatl Hu 9hipbP8sal Xaktpe of eARANG; MAr | es
according to the etching, it 1Ts preferable to neasure the concentration

appropri at,e i f e_,or the |ike, and.re-supply. an.etching
sol ution %rb§3?%?£g§t;8gﬁP$%%g§ Eﬁ%é%ﬁ?&%@ﬁ? £aR9Be’ pe ?%ﬂé%ggqﬁfﬁiﬁ ng, for
exanple, _neutralizatiop titration. Still further, although normal storage

condi t | on©CHRMSesBf FPLBINAPRIRA R RIRY PRainEaAUbBL &FENe T theoRERIience of

al kal i ne carbonate, which will cause 25 a change in concentration and affect
et chi ng, ishpgbfepabketra®@icph0828krlThe attkabiuseselehioy sod uffeszaador di ng
to the present invention has a feature of containing bromate. Here, the

br omat g i&h@ohlmaaﬁh@ub@mbbu@e%bQMQubmeit@@qfqan i ncl ude sodi um 5 bronate,
pot assi um bromate, and lithiumbromate. In particular, sodiumsalt is
preferablq OQ%]the bromate, the one commercially available can be used as
it is or aPter purification. [0029] 10 The concentration of the bromate is

not partiCUlarl%urthermore,1ju3puritycxfthe alkaline component usable

in the present invention is not particularly restrictive and
can be selected appropriately in consideration of the degree

10 ofmetallic contaminatign associated with etching. When using
in a semiconductor manufacturing process, a
commercially-available sclution 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

15 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

20 the like, and re-supply an etching sclution 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

25 a change in concentration and affect etching, is preferable.
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restrictive. A preferable range is 0.01 to 10 wei ght percent, nore
preferably, 0.1 to 3.0 weight percent, and still nore preferably, 0.1 to
1.0 weight percent. If the concentration is too low, a sufficient

i nprovenent in surface roughness cannot 15 be obtained. Also, a
concentration higher than the above range is not preferable in view of cost
and possi hlhgzgiixture of inpurities fromthe bromate. [0030] A method of
addi ng t he bronate is not particularly 20 restrictive. The bromate can be
sol ved i n advan b e tor nd. ¢ sed as it is fo

et chi ng. Alterngﬁrvgngflﬁgeegéﬁ ??o%oggﬁl %ébﬁé%& cF%ut ?u?ﬁe%ﬁ§cﬁ use
for etching he other hand, the |nventors have found that, when a

br onat e- cdﬁﬁﬁpﬁﬂﬁ& beral feadiam R SONkeednds hrsed tor B5T8rchPRg, as the
nunber of tinmes of etching is increased, the 10 effect of addition of the
bromat e | $roverteasedotpacel chbar by Ic@ldtaelo&timlei,ngnd@ian ioalpdy dvelinsed under
different etching conditions or used for etching of silicon wafers of

various _%&@ﬁ@%e,iﬁo&%s@ﬁ%ﬁrﬂb&@r@t@ Galculiatng vk @ ydinss@ vednamount of 5
silicon in the etching solution that can be found fromthe anount of

et chi ng, l; f : r etc for t he

dissolvedbgﬁgdﬁﬁggg é??%@ﬁqggjigédéase §H1 E ng??e%¥ﬁ%§:deg?%§§Ed t he

etching solution be repl or bronate may be further added for use.
ReroHe Bt

10 [ 0031] CRHBE at Gré1drlfe @RS Neest @R id <81 @F Gifte
purification.
[0029]
10 The concentration of the bromate i1s 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

15 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

20 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 soluticn is used for

25 etching, as the number of times of etching is increased, the

- 10 -



according to the present invention is that nitrate is added in addition to
bromate. Effects of the nitrate are based on unexpected findi ngs descri bed
bel ow obtained by the inventors. 15 That is, in an al kaline etching method

using a bromat e-added caustic al kaline agqueous solution, the facet size is
i ndeed excellently controlled and can be extrenely decreased, thereby

- obt ai ni Ng & feidt &N AMRfiaNi oM ¥ athd MYR¥RS SW face daughnessn Hewever, if
such an al kaline etching solution is repeatedly used, 20 the above effects

are decre t.chi S ion th nitrate
further a%gﬁg' ere¥§59§%ﬂ§§é£p§?ﬁ %%éﬁ%ug PECnggaﬁlﬁ% ﬁ%% W qﬁﬁﬁ
reducti on. C%PQ 2] The nlteg%e to be added for this V?l%{aose is not 25

parti cul af St &S &eh  Cark SO s sdildRan teetars of Mariggisassi um
nitrate, and lithiumnitrate with high purity. In the present invention,
sodi um ni tsh@pe si,s 1pr &f epabferaike tthe cadiaulatte, thhedbasctvadesnoaht yof

avail able can be used as it is or after purification. 5 [0033] The

concentr atgidn cfn thehai &£ ak end 1Rt iRA thetkahl Ve roaskr f &4 toe Hudlref erabl e
range for use to achleve the effects is O. 01 to 10 0 melght percent. In

particul ar ¢ |t r A 19 re than the
bromat e. E?y agg:hq ?ﬁhéﬁm% Z{iﬁ %%u%lrm ecul ar o or orrfore iar’ the bromat e
bei ng add , the above effects can be kept for the lognger tinme even when

the al kal i W& GHHSgl St iUrP I {RckbampPepéatedijyt icon is increased and

the effect is decreased, the etching solution may be replaced,
or bromate may be further added for use.
10 [0031]

Another feature of the alkaline etching solution
according to 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.

15 That is, in an alkaline etching method using a bromate-added
caustic alkaline aqueous solution, the facet size is indeed
excellently controlled and can be extremely decreased, thereby
obtaining a silicon wafer with an improved surface roughness.
However, if such analkaline etching solution is repeatedly used,

20 the above effects are decreased. However, when the alkaline
etching solution with nitrate further added thereto is used,
the above effects can be kept without reduction.

[0032]

The nitrate to be added for this purpose is not

25 particularly restrictive, and can include sodium nitrate,

- 11 =



[0034] A nethod of adding the nitrate is not particularly 15 restrictive.
The nitrate can be added to the al kaline aqueous solution irrespectively of
the order of addition of the bromate. Also, the nitrate can be solved in
advance before use for storage and can be used as it is for etching.
Alternatively, the solution can be fornmulated at the tinme of use for

etching. 20 J0038] Al kald neret ahicng uiehRed) + Ihe i ahkak bRepgtehing et hod

according to the present invention has a feature of using any of the above
al kal i ne tching solution.and, in particular, the nmethod, is foy 2

(seni condd %m?f%%ﬁ%ﬁnﬁ?“ﬁ%ﬁégn’ f?dlfﬁb§éFrEF8hFﬁngS%8FFP&ﬁs f%? ﬁ?% in the
al kaline etching method according to the present invention are not.

‘parti cul ami Tatest Hh& ioVe. COFRGITCLeAd vt R 1arElsefanhba ¥ssed as it is
conventional | y-known al kaline etching solution is used are preferable and,
accor di ng dmw afieert ype idfi eatsiem conduct or wafer to be etched (size,

t hi ckness, crystal orientation), any etching anount, etching speed, etching
time, senpeygdyre, agitation, and others can be selected appropriately. 10
[ 0037] Furthernore, an etching apparatus usable for the al kaline etching

met hod_accor di g0 e ASSelon MR HTAY 1 PHH PAT TS Totive.
restrictive. A preferable range for use to achieve the effects
is 0.01 to 10.0 weight percent. In particular, the nitrate is
preferably equimolecular to or mere than the bromate. By adding
10 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
15 restrictive. The nitrate can be added to the alkaline aqgueous
solution irrespectively of the order of addition of the bromate.
Alsc, the nitrate 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.
20 [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

25 {semiconductor) silicon wafer.
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conventional | y-known al kaline etching solution is used is 15 preferable and,
according to the type of a sem conductor wafer to be etched and the etching
conditions, any apparatus can be selected appropriately. Specifically, for
exanpl e, an etching bath having a circulating system such as a circulating
punmp, a filter, and a heater, is usable. 20 [0038] The etching nethod using
the al kal ijpg3gtjching solution (solution containing bromate) according to
the present invention is excellent in that a silicon wafer with an inproved

surface roughne b j . he ot her -hand, on wi.th br omat e,
the effects ar eﬁggggg scfe%rgﬁagi%}f%ﬁiongu%es lrnetf)}égtaelg(.a 13 e#ﬁ%f’%%‘i‘%&m{%e
degree of repeated use is preferably determ ned by perform _ng etching using

an appr opPCEPEILNEnd8r FhceSreSamy e NVERT LoBasES B ts herdde Wladghhess of a

silicon wafer obtained with respect to the dissolved anpunt of silicon in
t he et chi mgssrdeltitvieon €ondibipasi sbat afe086t wWhsn, at he et chi ng net hod
using the alkaline etching solution (containing bronmate and nitrate)

suppr essegocavdagieasa 1y-knhe eflfikeatineoktidhenf emate iidh accerdancgav th
repetition of 10 etching, and therefore can be used repeatedly. Also in this

, th f h ' I '
ngforniﬁgqgggﬁgﬁgeugﬁﬁg‘%%92%%?&%#ﬁggégggéﬁ%gidgt%%ﬁfé§%%$£€gﬁn ifr%hsuring

surface roughness of a silicon wafer obtained with respect to the dissolved
amount of t$i pcgﬁcgﬁdtHgl@@chﬁﬁdckness, crystal orientation), any

etching amount, etching speed, etching time, temperature,
agitation, and others can be selected appropriately.
10  [0037]

Furthermore, an etching apparatus usable for the alkaline
etching method according to the present invention is not
particularly restrictive. An appatratus used when a
conventionally-known alkaline etching solution is used is

15 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, 1s usable.

20 [0038]

The etching method using the alkaline etching solution
(sclution 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

25 bromate, the effects are decreasing as etching is repeated.
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15 solution for conparison. [0040] (Sem conductor-silicon-wafer

manuf acturing nmethod) The sem conductor-silicon-wafer manufacturing nethod
according to the present invention has a feature of perform ng 20 al kali ne
etching by using the al kaline etching solution according to the present
invention to manufacture a sem conductor silicon wafer. [0041] The

sem conduthete$blrie¢ oth saferyr seabHf Beh i eed tfieotgh diee r 251 AGtilddg
nmet hod according to the present inventionis 14 particularly excellent in

surface regggr}i@n%?mﬂbee%gﬁfi%%eusmg%ngagﬁgggigﬁe %vc%'nla%&%ﬂtéfgg, jari ous

measuring accordingto variou ses. In particula uch an

luat i b de f th f h f 3)
gl 0551 nes SRR E I hEBGRCYar T SIS TEnShr Ry HEaRY'= SOnIRhE F BRAITY known

Speci fi c nmeasuri ng apparatuses and nethods include Surf test SJ-201P from
M t sut oyo resppetaticothfodl sseriivade amoygiineds sand canglics Siet et dbdnpM from
Ni ppon Denshoku Industries, Co., Ltd., for surface gl ossiness. 10 [0042]
Furt hef noseluthenpdpposemphriisswal | y eval uati ng the shape of facet can be
fulfilled by observing the shape of the surface. Specifically, a surface
observatigggbyja mcroscope is a preferable evaluation method. Wth this,
for exanple, the 15 shape, size, and depth of the facet can be eval uated.

Also, the etching method using the alkaline etching
solution (containing bromate andnitrate) suppresses a decrease
in 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 1s preferably determined
by performing etching using an appropriate standard test sample
and measuring surface roughness of a silicon wafer obtained with
respect to the dissclved amount of silicon in the etching

15 solution for comparison.

[0040]

{Semiconductor-silicon-wafer manufacturing method)

The semiconductor-silicon-wafer manufacturing method
according to the present invention has a feature of performing

20 alkaline etching by using the alkaline etching solution
according to the present invention to manufacture a
semiconductor silicon wafer.

[0041]

The semiconductor silicon wafer manufactured through the

25 manufacturing method according to the present invention is
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[ 0043] The present invention is described in nore detail below wth

reference to the exanples, but is not restricted to these exanples. 20

[ Exanpl e]

foll owi ng eval uati on nethod was used.

[0044] I n exanples and conparative exanpl es described bel ow, the

"Waf er eval uation test schene" 25 (1)

Et ching speed (etching rate: pmsec) : Utragate 9700 - 15 from ADE was
used to npasukeut Be1yheekresenel ihheueenter rolgAncwalf errhef gnerand after

et chi ng,

and an etching speed was cal cul ated based on the foll ow ng

tion: ' d;. . (Thi £k f t chi na- Thi ckness after 5
ctichi ng) / EreRTRGSe; REE 73 Uar SFEES, PR IAdEs AT 3™ o

M t sut oyo Cbrgoration was ,used to neasure_Ra based on JIS B0601-1994.

Vaf er sur PSEE
I ndustries, Co., Ltd. was used to nmeasure the gl ossiness based on JIS

gi8YsFRe¥&L IRV BESRECEE -PGIMPRFBAFLABT N PPBR PBnshoku

(3)

Z8741/ K54e@awugh ianldayhbemgds §honrtdoesvi Aigcangiughofe sB0adegoresirfigde Et chi ng
surface observation: A surface-shape neasurenent m croscope VF-7500 from

Keyence Cgnpekahiel wessuledusedoueh waiebusUkbasce rabsemeatison after etching
(magni fication: 100x).

10

15

20

25

conventionally known. Specific measuring apparatuses and
methods include Surftest SJ-201P fromMitsutoyo Corporation for
surface roughness and a glossmeter PG-1M from Nippon Denshoku
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 examples described below, the
following evaluation method was used.

"Wafer evaluation test scheme™

{1) Etching speed (etching rate: ym/sec) : Ultragate 9700
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[0045] [Exanple 1] (alkaline etching solution containing sodium bronate
and sodiumnitrate, dissolved anount of silicon: 0 g/L) 20 Ina caustic

al kal i ne aqueous sol ution of 65 L of 48 weight percent of sodi um hydroxide
(46% of CLEARCUT-S from Tsurum Soda Co., Ltd.), 196 g of sodium bromate
(from Wako Pure Chem cal Industries, Ltd., a Wako reagent chem cals) and

111 g of $pgkUDE Nidd alsd TUPMMAKePURE Chedkeals!HeUStd iestddt G of eagent
25 chem cal s) were dissolved to fornulate an al kal i ne aqueous 16 solution

conpalnlngra?gob&§bggt ggrg%ggr ﬁgggl ? hg%eegfgﬁnghgpﬁor ht per cent of

sodi um ni as an a e &t ion F5t ed

al kal i ne etchlng solution, a block-type etching bath with a filling
capacity 5f1-6% Latedebassduar £hel éal lPHlPHeeﬁPPEFHQ‘bath, twenty silicon
waf ers having a diameter of eight inches subjected to both-side | apping
were soakRedhasgbepagdkoatiBui dmaessadrefere aWd¢hindebel wkfess dEieyg rot ated
in the aqueous solution together with the carrier (20 rpm, etching was

per forgredetehingpyextAnhgl ¥ikd.pm on both 10 sides for approximately seven
mnutes at a liquid tenperature of 90 degrees Cel sius. Then, the wafers

wer e moved Lo 2 ¥tgLeopasli pabaLh.or sleaning- and. deyigig s Ther, the

et chi ng speed, surface rou ahd "wafer ace g o5si ness of the
resul tant wafers were neasured through t he above- descrlbed 15 testing

met hod. THeLPBEAVPsCAFROEABMANI HaTaBFed1toANgssurR Rej §ased PReJddr f ace
roughness of the resultant wafers is plotted wth respect to the dissol ved
amount of B8kLledA34Furt hernore,

(3) Wafer surface glossiness: A glossmeter PG-1M from
10 Nippon Denshoku Industries, Co., Ltd. was used to measure the
glossiness based 6n 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
15 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)
20 In a caustic alkaline agqueous sclution of 65 L of 48 weight
percent of sodiumhydroxide (48% of CLEARCUT-S from Tsurumi Soda
Co., Ltd.), 196 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
25 chemicals) were dissolved to formulate an alkaline aqueous
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a m crophotograph of the surface of a resultant wafer was shot and shown in
Fig. 2. 20 [0046] [Exanple 2] (al kaline etching solution containing sodium
bromate and sodiumnitrate, dissolved anmount of silicon: 0.3 g/L) Etching
simlar to that of Exanple 1 was repeatedly 25 perforned w thout replacing
the etching solution after the 17 process of Exanple 1, thereby using an

al kallne aa4eeyBSOLHELOR: nif § b Rt CHiss plokedl -amBunt 081 AT R 16RO Oty 3 O L

as the etching solution. Icon wafers were etc In a nmanner simlar to
t hat of anple 1. Then, the etching speed, wafer surface 5 roughness, and
waf er su%agg HﬁbggitnE%CSPEtﬂ ?%@g'inflarh%t%?%r%s %raeﬂﬁe]aﬂs‘lﬁ' &FIHGugh t he
above-described testing nmethod. The results are shown in Table 1. Also, in
Fig. 1, tkelglipace Wibhughhes§oonuinbedealkabhnewatehinpssplotied, wit h
respect to the dissolved ambunt of silicon. 10 [0047] [Example 3] (al kaline

et chi ng sollutikenypentathing Seth umtibromate iagdcspdetiaynsfred .1 tdegsol ved
anount of silicon: 0.6 g¢g/L) In a manner simlar to that of Exanple 2, an

al kal i ne S i.0R: Y i [N : i f : /L was
Cod by R RHpeous O LheoRifl iy Beuiny RO COREEBbh e L0 Onak e
simlar to that

o L8 Ghaheel Beml e, Ly, Then. uhe SLEINg, SpRed, o "Bl L. TSGR
soaked as being loaded on a carrier. With these wafers being
rotated in the aqueous solution together with the carrier (20
rpm), etching was performed for appreoximately 25 um on both

10 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

15 testing method. The results are shown in Table 1. BAlso, 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.

20 [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

25 performed without replacing the etching solution after the
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resultant wafers were neasured through the above-described 20 testing

met hod. The results are shown in Table 1. Also, in Fig. 1, the surface
roughness of the resultant wafers is plotted wth respect to the dissolved
anount of silicon. [0048] [Exanple 4] (al kaline etching solution containing
sodi um 25 bromate and sodiumnitrate, dissolved anount of silicon: 0.9 18

g/L) In a P@@@@éosf'rﬁ&&ﬁ%léq t@@é %yﬁéa '&lalkamlgtaas 1d6us 39 eYs,sol ution

with its Silicon concentration 0.9 ¢ use etc i ng solution.

Sil f hed I h
Che ot ohi PoCapaLD o ST a7 %am&% PBUUNHLT - RgbF LrraoE CGT0ed ness. of

the resultant wafers mere measur ed through the above- descrlbed testing
net hod. Thelpeiants Srlel ctpowifersramine Btollesh in g mppger] sipHdagutpace
roughness of the resultant wafers is plotted 10 with respect to the

di ssol vedthabuof Bfkaspliéechn. T4 thd Exaripl ey Spdad kaka frer eswhfage sol uti on
contai ning sodium bromate and sodiumnitrate, dissolved amount of silicon:

1.2 o L)ré,é%hﬂegs Maeha kM d A rd @ 5@@5sQﬁeEé%mﬁe%em@a&@hb@@rsaqueous
solution with its silicon concentration of 1. was used as the etching

1 Then, VREC afH ShREHROR e %@F?&@é%‘%@&ﬁﬁﬁ%ﬂ i sifrace T ¢
gl ossi ness of the

results are shown in Table 1. Also, in Fig. 1, the surface
roughness of the resultant wafers i1s plotted with respect to
the dissolved amount of silicon.

10 [0047]
[Example 3] (alkaline etching solution contalning sodium
bromate and sodium nitrate, dissclved amcunt of silicon: 0.6
g/L)

In a manner similar to that of Example 2, an alkaline

15 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

20 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 amcunt of silicon.
[(0048]
[Example 4] (alkaline etching sclution containing sodium

25 bromate and sodium nitrate, dissolved amount of silicon: 0.9

- 18 -



20 resultant wafers were neasured through the above-described testing

met hod. The results are shown in Table 1. Also, in Fig. 1, the surface
roughness of the resultant wafers is plotted wth respect to the dissolved
anount of silicon. [0050] 25 [Exanple 6] (alkaline etching solution

contai ning sodium 19 bromate and sodiumnitrate, dissolved anount of
silicon: &/B) 9g/L) In a manner simlar to that of Exanple 2, an alkaline
aqueous solution with its silicon concentration of 1.5 g/L was 5 used as

t he etching solyfi i Ll.cQr r ef¢ch i N nner _sim lar to that
of Exanple 1. Tﬁ%n?nTﬁg%%%cg?ﬁgﬁé%egargﬁaéfé? §8??g%§ ?gua néigghéﬁﬁ waf er
surface gl ossiness of the resuyltant_ wafers were neasured through the

above- desEAPBBES TRE4TF IR etHod ESTHE! + Q0ITRCHE ST PF Tabl Wagl so, in

10 Fig. 1, the surface roughness of the resultant wafers is plotted wth
respect tostteadi shel vechampustlwfisil i cod.idl05EHfe{Evama etthedalikal i ne
et ching solution containing sodium bromate and sodiumnitrate, dissolved

anounts of 3SidrreNs ihi8arlo @hlak &N ExamRNRer . SiTHdEY th@_éﬂ%ixﬂ%s apgple 2, an
al kal ine aqueous solution with its silicon concentration of 1.8 g/L was

U520, 35 LUSFBLEDLPRRS! iMoo L1 09 NRLEC S Y £ LEIRA s JEUOE
rOughnesskegggtgﬁLe&a%gQEaggrgl%Zggﬂggg gLrgngh 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
10 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}

15 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
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the

20 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]

25 [Example 6] (alkaline etching solution containing sodium
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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 dissolved anmount of
silicon. 25 [0052] - 20 |[Exanple 8] (alkaline etching solution containing
sodium bromate and sodiumnitrate, dissolved anmount of silicon: 2.1 g/L)

In a mannekomafiel ahdtfod gk rpﬂ‘tx%?wmldqs%ol%dabiﬁahheeof%@ﬂi@&ﬁls §olsuti on
with its silicon concentration of 2. 1 g/L was used as the etching solution.

Silicon Mﬁf erks were etched in a manner sinmilar to that of Exanple 1. Then,
the etch %peed waf er surface roughness, and wafer surface gl ossiness of

t he resultant waf ers were neasured through t he above-described 10 testing
met hod. The restPt@ BFBNERoFATLA2TabPethataAPEolxpRolei ¢, a0 pREaddPRace

roughness of the resultant wafers is plotted wth respect to the dissolved
anount of agiiepgensc]l @OLE3h witExamsl e19] céaldcaldare mtitchime fsdl Gt g An waent ai ni ng
sodi um 15 bromate and sodiumnitrate, dissolved anount of silicon: 2.4 g/L)

I'n a nennesedi Bkl 8het 8tEhahgoboEX0IPhE FiRtcH Kalfdies WROUEQUSIRQ] Yl On with
its silicon concentration of 2.4 g/L was used as the etching sol ution.

Si | f t 0 h le 1.
Then, tho et g "Shaca. RaTar ST RRE Fonghnien” SR8 St S LSS

gl ossi ness %f t he
wafer surface roughness, and wafer surface glossiness cf the

resultant wafers were measured through the above-described

testing method. The results are shown in Table 1. Also, in
10 Fig. 1, the surface roughness of the resultant wafers is plotted

with respect to the dissolved amount of silicon.

[G051]

[Example 7} (alkaline etching solution containing sodium

bromate and sodium nitrate, dissolved amount of silicon: 1.8
15 g/L)

In a2 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
a manner similar to that of Example 1. Then, the etching speed,

20 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.

25 [0052]
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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 25 with respect to the dissol ved anount of
silicon. 21 [0054] [Exanple 10] (al kaline etching solution containing
sodium bromate and sodiumnitrate, dissolved anmount of silicon: 2.7 g/L) 5

In a manngexskphleak |t Qathal ok Bramhg %ol%%ighk%b&Q%inﬂ %FQHﬁﬁﬁﬁlUtion Wi th
g/ L was

its silicon concentration of 2.7 used as the etching solution
Silicon f we etched in ., a manner. simlar to that of., Exanpl . Then,
t he etchrﬁﬁggéggd%gdm%?%%u%Lﬂ%%ﬁ%?%bﬁﬁﬁﬁ%&gﬁdaﬁﬁoﬁﬁge?%s%ﬁ%%%%gglg% i ness of
the 10 resultant wafers were neasured through the above-described testing
method. TRéMPesults are shown in Table 1. Also, in Fig. 1, the surface
roughness of the resultant wafers is plotted wth respect to the dissolved
amount of silicon. a[08b6fr $5miEranpbethdl 64l Kabkmpéecet¢hiang ad@kitinen

contai ning sodium bromate and sodiumnitrate, dissolved amount of silicon:

3.0 9/%) kauaouBnasIusidhlartH atlshat 1 ob XM tZra @bildeabi hey s AQKGOUS
solution with its silicon concentration of 3.0 g/L was 20 used as the

Bcampl o 1050HeAT FRe eESRHG EhRubToRartront BTt aim e " Bins dver
surface gl ossi ness of _the :
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
10 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 solution containing sodium
15 Dbromate and sodium nitrate, dissolved aﬁount of silicon: 2.4
g/L)

In a mannher 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

20 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

25 with respect to the dissclved amount of silicon.
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resul tant wafers were neasured through the above-described testing nethod.
The results are shown in Table 1. Also, in 25 Fig. 1, the surface roughness
of the resultant wafers is plotted 22 wth respect to the dissol ved anount
of silicon. Furthernore, a mcrophotograph of the surface of a resultant
waf er was shot and shown in Fig. 3. [0056] 5 [Exanple 12] (alkaline
etching sepbosipn contai ni ng sodium bronmate, dissolved anount of silicon: O
g/L) An al kal i ne aqueous solution was fornmulated in a manner simlar to

Exanpl e 1 excapicthg) RQdUMALLLALA; WES oL addeflo, c80d HEed A fhe. et ching

sol ution. Furtﬁerrmre I con wa ers were e nner simlar to

t hat of hen t he et d, wafer surface roughness, and
waf er suféﬁggag§|%%%?HEE§m%PlFﬁ@ engﬁgﬁ VA IPSUNErRE EdstFRY t Rrdugh t he
above-descri bed testing nethod. The results are shown in Table 1. Also, in
Fig. 1, t#ébsurface roughness of the resultant 15 wafers is plotted with
respect to the dissolved anount of silicon. Furthernore, a m crophotograph

of thessurface Di & maiwsettanhi vaf etowasashot BRgmshewn, i BnFhUka?ing0057]
[ Exanpl e 13] (al kaline etching solution containing sodi um 20 bronate,

o e PUTS SESAETL 8oL B RO B B st o, Byl 1
process Of Eé nglghe etc#fggbgoihlI%%lanﬁﬁfggann%a %%P%%re etched in
a manner similar to that of Example 1. Then, the etching speed,
wafer surface roughness, and wafer surface glossiness of the
10 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]
15  [Example 11} (alkaline etching soclution 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
20 used as the etching sclution. 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

25 Fig. 1, the surface roughness of the resultant wafers is plotted
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solution with the dissolved anbunt of silicon of 0.3 g/L as the 25 etching
solution. Silicon wafers were etched in a manner 23 simlar to that of
Exanpl e 1. Then, the etching speed, wafer surface roughness, and wafer
surface gl ossiness of the resultant wafers were nmeasured through the
above-described testing nethod. The results are shown in Table 1. Also, in

5 Fig. 1, wibe SaHface tootBbnesss dfvddamoas! dan; wafgls irsRherhede, W th
respect to the dissolved anount of silicon. [0058] [Exanple 14] (alkaline

et ching sol uti I i i.u - di t of silicon:
0.6 g/L) %0&%9%% r%}??njfg(raet %flfﬁé?g%fg(g%%ﬁg%ﬁ}d- ‘gg?g K&t r&{’éOtaqueous
solution with jts silicon cgncentration of 0.6 g/L was used as the etching
sol ution. @ pIFEBHnméFeFégme e etched in a manner sinilar to that of Exanple
1. Then, the etching speed, wafer surface roughness, and wafer surface

gl ossi nes$08h6ihe 15 resultant wafers were measured through the
above-described testing nmethod. The results are shown in Table 1. Also, in

Fig. 15 thexsmpiaceznoyghrassnefl etheingsublantonwatensalis iplkokbedumw th
respect to the dissolved amobunt of silicon. [0059) 20 [Conparative Exanple

1] (al kal j hi 1O aj.pi : Lumy b te, dissolved anount
of siIicoh?sggggélEgsﬁghggﬁa%ﬁégﬂgi%?Iggl%gggha?éd§Pgﬁanple 13, an al kaline
aqueous sol ution w its silicon concentration_of Oigtg/L_mas used as the

wit h
etching sol uti i g TR SSPd U ORe i@ Ppformu d in a manner

similar to Example 1 except that sodium nitrate was not added,
and used as the etching solution. Furthermore, silicon wafers
10 were etched in a manner similar tco 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
15 wafers is plotted with respect to the dissolved amount of
silicon. Furthermore, a microphotograph of the surface of a
resultant wafer was shqt and shown in Fig. 4.
[0057]
[Example 13] (alkaline etching solution containing sodium
20 bromate, dissolved amount of silicon: 0.3 g/L)

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

25 etching solution. Silicon wafers were etched in a manner
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25 a manner simlar to that of Exanple 1. Then, the etching speed, 24

waf er surface roughness, and wafer surface gl ossiness of the resultant

waf ers were measured through the above-described testing nmethod. The
results are shown in Table 1. Also, in Fig. 1, the surface roughness of the
resultant wafers is plotted 5 with respect to the dissolved anount of

silicon. EQR6OLr t&onpaE als wdmAanphie 2tnéal kahd ne: ot oy ng sl Utjagie

containing sodiumbromate, dissolved amount of silicon® 1.2 g/L) In a

manner si Qj 0 f. EX I |Lkal i 1 u olution with
its siIicgh&g%ﬁ%eﬁ%Png%ﬁséfg%&Z%S%%nggr%ﬁggdgggsﬁﬁge%%c%&ﬁéh%olution.
Silicon wafers were etched in a manner_ simlar to that of Exanple 1. Then,

the etchi RESEPEBRL "REFEF ¥Erral&82fdu§RANEELOUERd thEr B8P OYG PRSE IGPESSi ness of
the resultant wafers were nmeasured through the above-described 15 testing
met hod. Thestésgl methpd.shbiwm resThbs eade sheop im Téhle 1, tscsurface
roughness of the resultant wafers is plotted wth respect to the dissolved

anount ;s of psigl.iconhe[068dce FCompacaki ¥£ theardd €l Sdnf alak@lrisnes ehichitRe

solution containing 20 sodium bromate, dissolved anmount of silicon: 1.5
g/L) In a,BRANGLSBEAY! 86 el Bakaoh ExamRlapt3oran;dlikali ne agqueous
solution With i tSCsilicon concentration of "L.5 g/ L was "used as the etching
sol ution. ﬁllicon wafers were etched in a manner simlar to that of Exanple
1. Then, ﬂ 85§ﬂching speed, 25 wafer surface roughness, and wafer surface
gl ossi ness of the

[Example 14] (alkaline etching solution containing sodium

bromate, dissolved amcunt of silicon: 0.6 g/L)

10 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 étching sclution. 8Silicon 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

15 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 dissclved amount of silicon.

[0059]

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

In a manner similar to that of Example 13, an alkaline
aqueous solution with its silicon concentration of 0.9 g/L was
used as the etching solution. Silicon wafers were etched in

25 amanner similar to that of Example 1. Then, the etching speed,
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25 resultant wafers were neasured through the above-described testing

nmet hod. The results are shown in Table 1. Also, in Fig. 1, the surface
roughness of the resultant wafers is plotted wth respect to the dissolved
amount of silicon. 5 [0062] [Conparative Exanple 4] (alkaline etching
solution containing sodiumbromate, dissolved anount of silicon: 1.8 g/L)

In a manngefekntharate tbagheésExaamd ardfsr ahalkad i1 s AGUAMIS Skt | on
with its silicon concentration of 1.8 g/L was 10 used as the etching

SO o™ rRebLfancALeLs URLecchensd Ll 2n0BN0R! (ALTLLRL L ALNAl B Sxaml e

1. Then, e etching Speed, wafrer sur e rodghness, er “surface

gl ossiness of .the syl tant wafers were neasured through the ,
above- desgﬁﬁﬁéag W@ggPHg @%dae.svr &S rae T AWML F it Tabte%r. 1A so, in

15 Fig. 1, the surface roughness of the resultant wafers is plotted wth
respect t8ighe dtbscluethemuonghoessicl ¢ba. r40063nt edwpar bs pletEranpl e 5]
(al kaline etching solution containing sodiumbronmate, dissolved anount of
silicaon: @ithgkkppdOtl BoathBNBEESSFeHaambanthatr efi1Exampl e 13, an al kal i ne
aqueous solution with the dissolved amunt of silicon of 2.1 g/L was used
as the etghppgysolution. Silicon wafers were etched in a manner simlar to
that of Exanplée 1. Then, the etching speed, wafer surface roughness, and

waf er surface 25 gl ossiness. of . the_.resultant fers were neasured .t hrough
the - 26[8omparagive éxample 2] Qal%aigne eth@hg solution contgining g

sodium bromate, dissolved amount of silicon: 1.2 g/L)
In a manner similér to that of Example 13, an alkaline

10 agqueous solution with its silicon concentration of 1.2 g/L was

used as the etching solution. Silicon wafers were etched in

a mannexr 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
15 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
20 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,

25 wafer surface roughness, and wafer surface glossiness of the
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above-described testing nethod. 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 anount of silicon. 5 [0064] [Conparative Exanple
61 (al kaline etching solution containing sodium.bromate, dissolved anmpunt
of silicon: 2.4 g/L) In a manner simlar to that of Exanple 13, an al kaline

aqueous spk it i Ofn Wi &Qféié §ékécf&?a§89@8n%%hﬁﬂ Phe2abBval He‘é@fﬂb%g used as

t he etching solution. [icon wafers were etc In a nanner simlar to that

of Exanpl Then h et.chi ed, _wafer surf roughn and waf er
surface g O%EI srgé% ?heﬁ} gﬁ "gl S i erd Bt & a?gﬂr (LJI‘1 ?‘gﬁﬁh tHe
above- descrlbed testing nethod. The results are shown in Table 1. Also, in
15 Fig. 1Fi@nhersh 19?a?dJéfI%cﬁfgﬁﬁéggneﬁSt%th@sﬁﬂ%lb}rﬁarvvamﬁ@rﬁslsppépttéed with
respect to the dissolved amobunt of silicon. (0065] [Conparative Exanple 7]
(al kal i newetkhiegpsot utoohheodiasningd sndunm bfoshlecodi. ssol ved anmount of
silicon: 2.7 g/L) 20 In a manner simlar to that of Exanple 13, an al kaline
aqueouys spbpsppn With its silicon concentration of 2.7 g/L was wused as the
etching solution. Silicon wafers were etched in a manner simlar to that of

surtace of SeEPREa fe SIS PACTR rind TUGrt VY E HRASTPER SRR RS he
above-described 27 testing nethod. The results are shown in Table 1. Al so,
in sodium bromate, diSsclved amount of silicon: 1.8 g/L)
In a manner similar to that of Example 13, an alkaline
aqueous solution with its silicon concentration of 1.8 g/L was
10 used as the etching sclution. 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
15 Fig. 1, the surface roughness of the resultant wafers is plotted
with respect to the dissclved amount of silicon.
[0663]
[Comparative Example 5] (alkaline etching sclution containing
sodium bromate, dissclved amount of silicon: 2.1 g/L)
20 In a manner similar to that of Example 13, an alkaline
agqueous solution 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

25 glossiness of the resultant wafers were measured through the
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Fig. 1, the surface roughness of the resultant wafers is plotted wth
respect to the dissolved anount of silicon. [0066] 5 [Conparative Exanple
8] (al kaline etching solution containing sodium bromate, dissolved anount
of silicon: 3.0 g/L) In a manner simlar to that of Exanple 13, an al kaline
aqueous solution with its silicon concentration of 3.0 g/L was used as the

et ching sgbytkoBesSkhbean awf@iFmuehedet ofed reRul® say FRRRGK S MiTh&NM ot 0 that
of Exanple 1. Then, the etching speed, wafer surface roughness, and wafer

surface ghossj S e r asur th e
above-des%fi ;Ael}eé’t eﬁi%{&fhe{'hgﬁj?é %ﬁerg\%és‘%l %%Iges o?mﬁ %efé ?‘gg%}lgl so, in
Fig. 1, the_surface roughness of the resultant wafers is plotted 15 with
respect tHaFﬁESdF§sBﬁ9Egegnﬁ&ﬁg GESBEFFCHR. LhEr PREFRDIVES 2RPERSPRAt ogr aph of
the surface of a resultant wafer was shot and shown in Fig. 5. [0067]

[ Conpar at B¥éigganpl e 9] (48% sodi um hydroxi de aqueous sol ution) 20 An

al kal i ne aqueous solution was fornulated in a manner simlar to Exanple 1
excepts t havoseit her sodi um bromate nor sodiumnitrate was added, and used
as the etching solution. In a manner simlar to those of Exanples 1 to 11,

el ng 25 00UGPREagERe kg e (ML 1 hE SRy LD BheBlinifBn (9 Mg
as the etching$solutions to etch silicon wafers_in a nanner sgnilar to that

of Exanpl 8°4ICRhBROMERE! eflEAPRGVEHeBBOURAS 8F Silicon: 2.4 g/L

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

agueous solution with its silicon concentration of 2.4 g/L was

10 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

15 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 sclution containing
sodium bromate, dissolved amount of silicon: 2.7 g/L)

20 In a manner similar to that of Example 13, an alkaline
agueous 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

25 resultant wafers were measured through the above-described
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surface roughness, and wafer surface gl ossiness of the resultant wafers
wer e nmeasured through the above-described 5 testing nmethod. The results are
shown in Table 1. Also, in Fig. 1, the surface roughness of the resultant
wafers is plotted wth respect to the dissolved anount of silicon. Also, in
Fig. 1, the surface roughness of the resultant wafers is plotted with

respect toethenginsohyed amuntenilsd ldeoshdd tihermaye 110 migoophat ographs
of the surfaces of the resultant wafers obtained by using the etching

luti g, t Fhd [ t L ; /
Shot  and Shbwn ' Ergr e BRaote G e B e o o8 et g% oA Seol ved

amount Etchjng Surface, Eval uation of silicon in_speed roughness d o0ssi ness
et chi ng s%%t??%%s?%ﬁ¥558]€éﬁ ﬁbﬁfogﬁﬁa]amﬁkaﬁpPE B58760859 0. 25 o1, 7

Exanple 2 0.3 0.060 0.25 80.5 Exanple 3 0.6 0.058 0.24 89.1 Exanple 4 0.9
0.060 0.2408868 Exanple 5 1.2 0.058 0.25 85.7 Exanple 6 1.5 0.059 0.26
87.6 Exanple 7 1.8 0.060 0.23 90.5 Exanple 8 2.1 0.059 0.25 91.1 Exanple

9 2.4 0. 05C0p2BaBbved Eaid @110a2kZ1 0n06H: dh 2% 8B1&ition containing
sodium bromate, dissolved amount of silicon: 3.0 g/L)

In a manner similar to that of Example 13, an alkaline
aqueous solution with its silicon concentration of 3.0 g/L was
used as the etching solution. Silicon wafers were etched in

10 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

15 with respect to the dissblve’d amount of silicon. Furthermore,
microphotograph of the surface of a resultant wafer was shot
and shown in Fig. 5.

[0067]
[Comparative Example 9] (48% sodiumhydroxide aqueous solution)

20 An alkaline agueous 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

25 0, 0.3, 0.6, 0.9, 1.2, 1.5, 1.8, 2.1, 2.4, 2.7, 3.0 were used
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Exanple 11 3.0 0.059 0.25 97.7 Exanple 12 0 0.059 0.26 89.9 Exanple 13 0.3
0.059 0.24 89.7 Exanple 14 0.6 0.061 0.29 110.2 Conparative Exanple 1 0.9
0.063 0.34 111.1 29 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 0.083 Ohd3kiddBify SompaiadhsVeocEXaBR! 8i7idod Qa€6450i34alRinder
Conparative Exanple 8 3.0 0.064 0.36 117.4 Conparative 0 0.062 0.34 120.5

Exampl e 90,3, 0,064 032 J21,3,0:8 9. 063,08, 31020 %P 9265 9331197

surface roughness, and wafer surface glossiness of the
resultant wafers were measured through the above-described

53 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. Also, in Fig.
1,thesurfaceroughnesécﬂftheresultantwafersisgﬂottedwith
respect to the dissolved amount of silicon. Furthermore,

10 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.
6 and 7, respectively.

[0068]

15 Table 1

Dissolved amount Etching Surface
Evaluation of silicon in speed roughness Glecssiness
etching solution [um/sec] Ra [um]
[g/L]

Example 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 0.8 0.060 0.24 88.8
Example 5 1.2 0.058 0.25 85.7
Example 6 1.5 0.059 0.26 B7.6
Example 7 1.8 0.060 0.23 90.5
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 .25 88.8
Example 11 3.0 0.059 0.25 97.7
Example 12 0 0.059 0.286 89.9
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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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
al kal i ne etching using an

[0069] From Table 1 and Fig. 1,
al kal i ne etching sol ution containing sodi um

in

bromate and sodium 5 nitrate (Exanples 1 to 11) and an al kal i ne etching

sol ution

the surfa
etching u
sodi um br
( Conpar at
containin
conpari so
( Conpar at
di ssol ved
r epeat ed

surface r
and Figs.
the al ka
DESCRI PTI

xanples-12 to 14) i
77

t is appare

nt that

10

ontal-ni- ng- sodium-bro
%@Wﬁﬁﬁﬁﬁ@s; can be S|gn|f|5antly i nprloved conpared with al kal i ne
SPHFPae £8% sodium hydroxild& | aquetu®§4g0l ut i oh 3@ant ai ni Age +fel t her
dﬁﬁEEIWEWEs{dlun110 nitrate |as an al kaline etchilng squtionL
penpkapl e| 9) . Furtherlnbrie, indid%e |al kal i heé4dt chi ng1s®l3uti on
gCompedituivebr omat e and sodiumpnitrate (Exanples 4 to 11), in
nExsmbhe tshe al kal i ne et chiing {sol utd.amzgont ai ni.reg {sodi umi39.2 br ormat e
venpExanpkes 1 to 8) , it can be seen|that, ever] when the
gy 0f silicon in the. etching sekution 4ssijncreaseds due to
S&pathevef fects can be kept] and ~a sifTTcon wafgr wth an ijnproved
pughpesss can be 5 achi eved, |Also,qiggsgonmparigan With Figs.o 2 to 4
SordcQrdoivet N€ SIZ€ Of a facet can be gignificantiy reduced by using
tﬂﬁlggthng sol ution according to fthe presept,iinvention, , [ BRI EF
Q§;gékmrt DRAWNGSt- -
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]

1, in alkaline etching using an

From Table 1 and Fig.

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
aqueous 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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10 [0070] Fig. 1 shows a graph depicting the results of Exanples 1 to 14
and Conparative Exanples 1 to 9. The horizontal axis represents dissolved
anount of silicon (g/L) and the vertical axis represents a surface
roughness (pm of a wafer obtained. 15 The hollow circles represent alkaline
etching solution containing sodiumbromate and sodiumnitrate (Exanples 1

to 11), bhRemeEesEesSusLM esRAEdkaldsne t&f ghi na sghUld QR eGOPL A NiRGH sodi um
bromate (Exanples 12 to 14 and Conparative Exanples 1 to 8), and bl ack

Bt e ofRERERL ALK8GIISCLADLRO SO14L] Ay 20, Mn TR CATRACH Ve

Exanpl e 9); WS a m Ccrograp magni fication: waf er
surface obtained thrqugh Exanpl e %gﬁfi . 3 shows _a m crograph

(magni fi cafi BASTE8d% é%ee$°{E%H§a P%@e 5BEafREBCT Ar oY EXERN énf1; 25
Fig. 4 shows a mcrograph (magnification: 100x) of a 31 wafer surface

obt ai ned ehedbghoBxaafre V2thFiag. iBpshowd sumiferegraplyhfwsgnickincdsi on: 100x)
of a wafer surface obtained through Conparative Exanple 8, Fig. 6 shows a

m cr og aphchtragedf,i cati on: 100x) of a 5 wafer surface obtained through
Conpar ati ve Exanple 9 (dissolved anount of silicon: 0 g/L); and Fig. 7

e 5 T SOCARRel TRORASPLL A, A0l 25 v gr g, ot e
the size of a facet can be significantly reduced by using the
alkaline etching sclution according to the present invention.
[BRIEF DESCRIPTION CF THE DRAWINGS]

10 [0070]
Fig. 1 shows a graph depicting the results of Examples
1 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 cbtained.
15 The hollow circles represent alkaline etching solution
containing sodiumbromate and sodiumnitrate (Examples 1 tol1ll),
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
20 of 48% NaOH {Comparative Example 9);
Fig. 2 shows a micrograph {(magnification: 100x) of a
wafer surface obtained through Example 1;
Fig. 3 shows a micrograph (magnification: 100x) of a
wafer surface obtained through Example 11;
25 Fig. 4 shows a micrograph (magnification: 100x) of a
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CLAIM5 1. An alkaline etching solution in which an al kal i ne aqueous
solution contains bromate. 2. An alkaline etching solution in which an

al kal i ne aqueous 5 solution contains bromate and nitrate. 3. The al kaline
etching solution according to claim1l or 2, wherein the bromate i s sodi um
bromate. 4. The al kaline etching solution according to claim2, wherein the

nitrate igased gnrphteabBtaifeld. tAsbliyEORx¥AHRE &Rehing nethod with an

al kaline solution, wherein the alkaline solution is a caustic al kaline
aqueous sol uti cont o. b i [ et n thod with
an al kal i ne solﬁp? <) g@ﬁ%?e?ﬁ&?ﬁPégfié? ﬁhééﬁ £ ?%%@%g agggﬂ%tg€g§1kallne

15 t t d trat | f
atching rEEhon %e%ﬁ%‘a‘?’ﬁé%?'a%gﬁ. 5get Smaﬁ'a%?ﬁgtﬁéaw@ﬁaﬁ'e 5 Sod um

bromate. 8. The silicon-wafer etching nmethod according to claim6, wherein
the nitrate is Bbgi um showat @ mPOr&grapmel hoan of ipahubact ukdhyg of a

sem conductor silicon wafer, conprising the step of perform ng al kaline

et chi g byafist Rared aceadist & tnad kalrione hatpresausa sHr¢ Eikampdend ddiikeg lbedmat e,
wherein a wafer after the etching has a surface roughness Ra equal to or

smal ler thanuRe24¢PBi1ic38: 0 g/L); and

Fig. 7 shows a micrograph (magnification: 100x) of a

wafer surface obtained Comparative Example 9 (dissolved amount

of silicon: 3.0 g/L).

- 32 -



10

15

20

CLAIMS

1. An alkaline etching solution in which an alkaline agueous
sclution contains bromate.

2. An alkaline etching solution in which an alkaline aqueous
solution contains bromate and nitrate.

3. The alkaline etching solution according to claim 1 or 2,
wherein the bromate is sodiuﬁ bromate.

4, The alkaline etching scolution according to claim 2,
wherein the nitrate is sodium nitrate.

5. A silicon-wafer etching methodwith an alkaline solution,
wherein the alkaline solution is a caustic alkaline aqueous
solution containing bromate.

6. Asilicon-wafer etchingmethedwith an alkaline solution,
wherein the alkaline solution is a caustic alkaline agueous
solution containing bromate and nitrate.

7. The silicon-wafer etching method according to claim 5 or
6, wherein the bromate is sodium bromate.

8. The silicon-wafer etching method according to claim 6,
wherein the nitrate is sodium nitrate.

9. A method of manufacturing a semiconductor silicon wafer,
comprising the step of performing alkaline etching by using a
caustic alkaline aqueoué solution containing bromate, wherein
a wafer after the etching has a surface roughness Ra equal to

or smaller than 0.27 pm.
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