DESCRI PTI ON METHOD FOR ETCHI NG SI NGLE WAFER TECHNI CAL FI ELD [ 0001] The
present invention relates to a nethod for etching the front surface of a
waf er one by one, where the wafer is rotated while an etching solution is
supplied onto the front surface of the wafer. BACKGROUND ART [0002] In
general, the process for manufacturing a sem conductor wafer conprises the
steps of obtaining wafers by cutting and slicing out of a single crystal
ingot, and chanfering the respective wafers, nechanical grinding

(1l appi ng), etching, nirror-poli§ﬁkﬂgQEﬁﬂgnfleaning, t hereby producing a
wafer with highly precise flatness. %e war er, which has been subjected to
the steps for nechanical processing, such as bl ock-cutting, rounding,
slicing, and | apping, has a damaged |ayer (i.e., a processing-strained

layer) on the surfaceMdteiofrod ey Qce&S.H Gfaslevi ce  production, such a
processi ng-strai ned | ayer causes crystal defects, such as slip dislocation,
and the nechanical strength of the wafer is then decreased. In addition, it
has adverse effects on electric characteristics. Therefore, the
pr ocessimHTCAINgd Hiayer shoul d be conpl etely renobved. For renpving such a
processi ng-strained |ayer, an etching -1 process is carried out. There are
two typd0dfl Jet chi nGhe diresenchiimyeand csi nglle twaf efo et ehitgd for

etching the front surface of a wafer one by one, where the

wafer is rotated while an etching solution is supplied onto

the front surface of the wafer.

BACKGROUND ART

[0002] In general, the process for manufacturing a
semiconductor wafer comprises the steps of cobtaining wafers
by cutting and slicing out of a single crystal ingot, and
chamfering the respective wafers, mechanical grinding
(lapping), etching, mirror-polishing, and cleaning, thereby
producing a wafer with highly precise flatness. The wafer,
which has been subjected to the steps for mechanical
processing, such as block-cutting, rounding, slicing, and
lapping, has a damaged layer (i.e., a processing-strained
layer) on the surface thereof. In the process for device
production, such a processing-strained layer causes crystal
defects, such as slip dislocation, and the mechanical
strength of the wafer is then decreased. In addition, it
has adverse effects on electric characteristics. Therefore,
the processing-strained layer should be completely removed.

For removing such a processing-strained layer, an etching



[ 0003] Anmong the etching processes, the single wafer etching has been
regarded as the nost suitable etching process, which enables the control of
the texture-size and surface roughness of a | arge-sized wafer. The single
wafer etching is a process conprising dropping an etching solution onto
the front surface of a flattened single wafer and horizontally rotating
(spinning) the wafer to spread out the dripped etching solution over the
front surface of the wafer. The etching solution supplied on the wafer is

spread qulouer the-suriasc,of. thedal e d rom & suaplded o, by

centrifugal force caused by horizontally spinni , and finally
reaches die adaeof ide yalere woret Nt pgggdge of the wafer as well as the
ed a

front surface thereof can be also etc the sanme tine. Furthernore,

most of tdwn®t chi ng rseInd i1 SR8 drsodd oy of fy rso-mqf@ wgfige thereof by
centrifugal force and then collected into a cup or the Tike arranged on an

et chi ng eteariicey HOOQM erFoFe @xaH@ €as ash@ EOEessifob1 avabERChYring a
sem conductor wafer that can effectively renove a processing-strained |ayer

caused kyrdmedwnivial clgrémeh g afte cetaral the that nessusk-theevwahgr, there
is disclosed one including the follow ng steps; slicing a silicon single

crystal sugtice chanjletéesng ¢ hea endrdacel oédthersti cethavafiaigle fhatdeni ng at
| east the front surface thereof obtained by slicing the sem conductor ingot
by neansetofhisuy fatea -Rroce sidi agmpor i & appi dgeopspng-ehchtogitbe fl attened front

solution onto the front surface of a flattened single wafer

and hcrizontally rotating {(spinning) the wafer to spread

out the dripped etching sclution over the front surface of

the wafer. The etching sclution supplied on the wafer is

spread out cver the surface of the wafer from a supplied

pecint by centrifugal force caused by horizontally spinning

the wafer, and finally reaches the edge of the wafer, so

that the edge of the wafer as well as the front surface

thereof can be also etched at the same time. Furthermore,

most of the etching solution supplied is blown off from the

edge therecf by centrifugal force and then collected intc a

cup or the like arranged on an etching device.

[0004] For example, as a pvrocess for manufacturing a

semiconductor wafer that can effectively remove a

processing-strained layer caused by mechanical grinding and

retain the flatness of the wafer, there is disclosed one

including the following steps; slicing a silicon single

crystal ingot; chamfering the end face of the sliced wafer;

flattening at least the front surface thereof obtained by

slicing the semiconductor ingot by means of surface



surface of the wafer; and polishing the etched front surface of the wafer
intd a mrror surface (e.g., see Patent Docunent 1). [0005] Patent Docunent
1 Japanese Unexam ned Patent Application Publication No. 11-135464 (Caim
1, FIG 1) DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE

| NVENTI ON [ 0006] However, in the single wafer etching shown in the Patent
Docunment 1, the etching solution is quantitatively dripped through a single
supply nozzle, so that etching amount may vary. As a result, the front and

back surdraices (of @& SiddEiony wedeim- esg@ip,g# echd ofiygt@ﬁ@éﬂlflgonpr ocess, have
wal

deficiencies that the flat ness of t he cannot be nmi nt ai ned after t he

flattenigg fracess ime|wdi ag; d@mm%@tmléﬁché@ peghtion, the desired
surface roughness of the wafer cannot be obtai ned. Therefore, for

i mprovi gt d |t ness vtk suirdiace rouginessut heceofe . @., | acge anmount  of
grinding margin is required in the mrror polishing process so that the
subsequenit sttegs dumdnitr rior. polishing will bear a heavy burden. [0007]
Accordi ngly, the object of the present invention is to provide a nethod for
et chi ng @HEINgl e waffertentwilicchureart af fectively attain high flatness and
i nprove the productivity thereof. -3 MEANS FOR SOLVI NG PROBLEM

Japanese Unexamined Patent Application Publication No.

11-135464 (Claim 1, FIG. 1)

DISCLOSURE CF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0GGel However, in the single wafer etfching shown in
the Patent Document 1, the etching solution is
quantitatively dripped through a single supply nozzle, so
that etching amount may vary. As a result, the front and
back surfaces cf a silicon wafer, subjected to the etching
process, have deficiencies that the flatness of the wafer
cannot be maintained after the flattening process including
lapping and grinding. In addition, the desired surface
roughness of the wafer cannot be obtained. Therefore, for
improving the flatness and surface rcughness thereof, a
large amount of grinding margin is required in the mirror
polishing process, so that the subsequent steps in mirror
polishing will bear a heavy burden.

[0007] Accordingly, the object of the present
invention is to provide a method for etching a single wafer,
which can effectively attain high flatness and improve the

productivity thereof.



[0008] As shown in FIG 1, the invention of claiml1l is an inprovenent of a
nmet tod for etching a single wafer, wherein a single thin disk-like silicon
wafer 11 sliced froma silicon single crystal ingot is spun to etch a front
surface of the wafer 11 with etching solutions 21, 22 supplied thereto.

[ 0009] The characteristic feature thereof lies in that a plurality of
etching solution supply nozzles 31, 32 are disposed above and opposite to
the front surface of the wafer 11 at different portions in the radial
direction of the wafer, respectively and one or nore conditions sel ected
fromthe group consisting of tenperatures, kinds, and supply flow rates of

et chi ng MPANKIFING SALVIR2 tHoem e plurality of supply nozzles 31, 32 are
t hen changed. [0010] In the single wafer etching apparatus as described in

claiml,[qagjal et chnGreAlutirdrsupplY tH0za] RS Sy 3% a6, di sposed above
and opposite to the front surface of the wafer 11 at different portions in

the radial imbrecdnan off thenwaisd , foespeetivel . sHRem thessr et ching
sol ution supply nozzles 31, 32, optinmum etching solutions 21, 22, where the

t enper atwirex;e da red, s angl suppiy diow rake sarecadj wsted dependigg on the
surface shape of the wafer 11, are supplied to the respective portions

descri beitraboves il ildmer ef orel e tdey stegl eengdt f 1 eegonn t ©o conthoh fhent

di stribution of etching anount on the surface of the wafer -4 11 in the

waf er surfricece ant behé neabasedl andth het wiafrey ddlutions 21, 22
supplied thereto.
[0009] The characteristic feature therecf lies in that
a plurality of etching sclution supply nozzles 31, 32 are
disposed above and opposite to the front surface of the
wafer 11 at different portions in the radial direction of
the wafer, respectively and one or more conditions selected
from the group consisting of temperatures, kinds, and
supply flow rates of etching solutions 21, 22 from the
plurality of supply nczzles 31, 32 are then changed.
[GC1C] In the single wafer etching apparatus as
described in claim 1, plural etching solution suppily
nczzles 31, 32 are disposed above and opposite to the front
surface of the wafer 11 at different portions in the radial
direction of the wafer, respectively. From these etching
solution supply nozzles 31, 32, optimum etching solutions
21, 22, where the temperature, kind, and supply flow rate
are adjusted depending on the surface shape c¢f the wafer 11,
are supplied to the respective portions described above.

Therefore, the degree of freedom tc control the

distribution of etching amount on the surface of the wafer



can be thus effectively provided wth high flatness. [0011] The invention
of claim2 is related to the invention of claiml1, as further shown in Fig.
1, wherein the plurality of etching solution supply nozzles 31, 32 include
a first supply nozzle 31 that supplies a first etching solution 21 to the
center of the front surface of the wafer 11 and a second supply nozzle 32
that supplies a second etching solution 22 to the periphery of the front
surface of the wafer 11, wherein the tenperature of the first etching

sol ut i on 21 Suppl vegkds Qthesd 1434 PRl e 1024 8,31k fhe.penter of the

front surface of the wafer 11 is hlg er t an the tenperature of the second

et chi ng c3pInd 110 2% St i v § nom 1% g8¢0Nd SUPP! 1 Nogzle 32 to the
perlphef§ of the front surfacé§é$ﬁ%he waf er 11. 0012{ Iné%he nmet hod for

etching @ingl e wafeye qsmedﬁ%ﬂ hed din 6l 8l M2, 4G demmeraiare of the
first etching solution supplied on the center of the front surface of the

waf er i sirhiggheront han diheid enpesat £ ec9d r t Higowecondr £4 chi NGhepL uhi on
supplied to the periphery of the front surface of the wafer, so that the

rate of tetchingdhecywadretdiing heoldtich etiehi ponsekuésoplcapzbe higher
than the rate of etching the wafer with the second solution. Typically, in
t he net hiod:fwde et chi mge assomgy enonvat e, 3duehdo bophlibe agenesati on of heat
by reaction and the transfer of a liquid in the peripheral direction of the
waf er byemsntng fagaltidordk, textesstert et chi ngheayréendstofaceusfin t he
peri phery. -5

the wafer 11 and a second supply nozzle 32 that supplies a

second etching solution 22 to the periphery of the front

surface of the wafer 11, wherein the temperature of the

first etching solution 21 supplied from the first supply

nozzle 31 to the center of the front surface of the wafer

11 is higher than the temperature of the second etching

soluticn 22 supplied from the second supply nozzle 32 to

the periphery of the front surface of the wafer 11.

[001Z2] In the method for etching a single wafer as

described in claim 2, the temperature of the first etching

solution supplied on the center of the front surface of the

wafer is higher than the temperature of the second etching

soclution supplied to the periphery of the front surface of

the wafer, so that the rate of etching the wafer with the

first etching solution can be higher than the rate of

etching the wafer with the second solution. Typically, in

the method for etching a single wafer, due to both the

generation of heat by reaction and the transfer of a liquid

in the peripheral direction of the wafer by centrifugal

force, excessive etching may tend to occur in the periphery.



However, in the nethod for etching a single wafer of the present invention,
the 'tenperature of the first etching solution 21 supplied fromthe first
supply nozzle 31 to the center of the front surface of the wafer 11 is

hi gher than the tenperature of the second etching solution 22 supplied
fromthe second supply nozzle 32 to the periphery of the front surface of
the wafer 11, so that the periphery of the wafer 11 can be prevented from
excessive etching. Therefore, the wafer 11 can be effectively provided with

o 1 aaessr (0023 e dvenid on. o 6l 0 3 Am Lol ated Lp fhe 1 nvention

of claim1, as shown in ereint ing solution

SUPPlY RS, Shydd ddie Ui A difela SUPPLyE NOZZ] £y Bl thal, yppl Les a Tir st

etching solution 21 to the center e front surface o e"wafer 11 and

a_secont Rl oh NOZA % dchaky SHPALL ep: A Seaalich v SAGRL 10 spILb] e 22 to the

peri phery of the front "'surface of the wafer ere t rst e?ching

sol utional e supplird £ram tde flosto puppd i 0p2zl £ 31 tQ; the centgr of the
front surface of the wafer 11 is an etching solution having a higher

et chi ng #rad ecdirdthate of £ thes seconss etehing solution 22 supplied fromthe

second supply nozzle 32 to the periphery of the front surface of the wafer
11. [ 00th4m lthd hesdmidoghidery etehing 30 SstHotiee Wb e1pRSrydescrhbed in claim
3, the first etching solution 21 supplied fromthe first supply nozzle 31
to the cerdret @irfdde 4f ottic suif@cel of thetmaf erhdlpésipheelchEngnhsol ution

wafer 11 can be prevented from excessive etching.

Therefore, the wafer 11 can be effectively provided with

high flatness.

[0013] The invention of claim 3 is related to the

invention of claim 1, as shown in FIG. 1, wherein the

plurality of etching soiution supply nozzles 31, 32 include

a first supply nozzle 31 that supplies a first etching

solution 21 to the center of the front surface of the wafer

11 and a second supply nozzle 32 that supplies a second

etching sclution 22 to the periphery of the front surface

of the wafer 11, where the first etching solution 21

supplied from the first supply nozzle 31 to the center of

the front surface of the wafer 11 is an etching sclutiocn

having a higher etching rate than that of the second

etching solution 22 supplied from the second supply nozzle

32 to the periphery of the front surface of the wafer 11.

[0014] In the method for etching a single wafer as

described in claim 3, the first etching solution 21

supplied from the first supply nozzle 31 to the center cf

the front surface of the wafer 11 is an etching sclutiocon



-6 having a higher etching rate than that of the second etching solution 22
supplied fromthe second supply nozzle 32 to the periphery of the front
surface of the wafer 11, so that the etching rate of the wafer with the
first etching solution can be higher than the etching rate of the wafer

wi th second etching solution. Typically, in the nethod for etching a single
wafer, due to both the generation of heat by reaction and the transfer of a
liquid in the peripheral direction of the wafer by centrifugal force,
excessive etching may tend to occur in the periphery. However, in the

net hod fhekielChi 1d el RAle Waf eratdf drhg, dqesent dqwentiqny the first
etching solution 21 supplied fromthe first supply nozzle 31 to the center

of the faraMingwdlane of Aheuafered lr iises-Hdesdddih ofumm etedyiAge sol ution
having an etching rate higher than that of the second etching solution 22

suppl i ed2f remtithe wacPreSUp henozzdre: Fidtaddh e periphesyeofi11 he front
surface of the wafer 11, so that the periphery of the wafer 11 can be

prevent e fotero excessicte ret chithy.o fThetefwi &sr thiecwafles fdilrsean be
effectively provided with high flatness. [0015] The invention of claim4 is
rel at ed dtawhihey daiwenitdrorcanf bod diiglisr ashdwrtheretsdioivmy i i G £ lthaherein
the plurality of etching solution supply nozzles 31, 32 include a first
suppl y nozAre v8ith hatcsuppitiagsiray fsakitiet chithygpiselliti,on2kitco the center of
the front surface of the wafer 11 and a second supply nozzle 32 that
suppl i esnegthod for etching a single wafer, due to both the

generation of heat by reaction and the transfer of a liquid

in the peripheral direction of the wafer by centrifugal

force, excessive etching may tend to occur in the periphery.

However, in the method for etching a single wafer of the

present invention, the first etching sclution 21 supplied

from the first supply nozzle 31 to the center of the front

surface cf the wafer 11 uses the kind of an etching

solution having an etching rate higher than that of the

second etching sclution 22 supplied from the second supply

nozzle 32 to the periphery of the front surface of the

wafer 11, so that the periphery of the wafer 11 can be

prevented from excessive etching. Therefore, the wafer 11

can be effectively provided with high flatness.

[0015] The invention of claim 4 is related to the

invention of claim 1, as further shown in FIG. 1, wherein

the plurality of etching solution supply nozzles 31, 32

include a first supply nozzle 31 that supplies a first

etching solution 21 to the center of the front surface of

the wafer 11 and a second supply nozzle 32 that supplies a

second etching solution 22 to the periphery of the front



second etching solution 22 to the periphery of the front -7 surface of the
wafer 11, where the supply flow rate of the first etching solution 21
supplied fromthe first supply nozzle 31 to the center of the front surface
of the wafer 11 is higher than the supply flow rate of the second etching
solution 22 supplied fromthe second supply nozzle 32 to the periphery of
the front surface of the wafer 11. [0016] In the nethod for etching a
single wafer as described in claim4, the supply flowrate of the first

et chi ng ssoltitdon 2k rsuppldad fromihe finsts YENQZzt £re s topdhe center
of the front surface of the wafer 11 is higher than the supply flow rate of

the secand st eidid ngs Qdihitombr22 1sURHd et d romr hen s econgk suppbyy nozzl e 32 to
t he periphery of the front surface of the wafer 11, so that 'the etching

rate of rddve; mafar W tihd herftdsto etiohd ng-orsol 41kt of-€adr bendighes-t han the
etching rate of the wafer w th the second etching solution. Typically, in

the met hod id ori gleahithghra Siagheplf erlowlueat® dptihd he-@enerati on of heat
by reaction and the transfer of a liquid in the peripheral direction of the
waf er byetodninrg fagalt faor 2 sexeleissi vier @t ctiergs emaynd endo Oy occurlén t he

peri phery. However, in the nmethod for etching a single wafer of the

present Ihventtiton, patigltsupplof filow Tadret cfutfrecd ioStthetwhieag bl ution 21
supplied fromthe first supply nozzle 31 to the center of the front surface
of the weEfErelll is Ihi dgiver ntefarwd Hesudplhifd ow siatel ofwater setond et ching

described in claim 4, the supply flow rate of the first
etching solution 21 supplied from the first supply nczzle
31 to the center of the front surface of the wafer 11 is
higher than the supply flow rate of the second etching
solution 22 supplied from the seccnd supply nozzlie 32 to
the periphery of the front surface cof the wafer 11, so that
the etching rate cof the wafer with the first etching
solution can be higher than the etching rate of the wafer
with the second etching solution. Typically, in the method
for etching a single wafer, due to both the generation of
heat by reaction and the transfer of a liguid in the
peripheral direction of the wafer by centrifugal force,
excessive etching may tend to cccur in the periphery.
However, in the method for etching a single wafer of the
present invention, the supply flow rate cf the first
etching solution 21 supplied from the first supply noczzle
31 to the center of the front surface of the wafer 11 is
higher than the supply flow rate of the second etching
soluticn 22 supplied from the second supply nozzle 32 to

the periphery of the front surface of the wafer 11, sc that



solution 22 supplied fromthe second supply nozzle 32 to the periphery of
the'front surface of the wafer 11, so that -8 the periphery of the wafer 11
can be prevented from excessive etching. Therefore, the wafer 11 can be
effectively provided with high flatness. EFFECT OF THE | NVENTI ON [ 0017] As
descri bed above, according to the present invention, a plurality of etching
sol ution supply nozzles are disposed above and opposite to the front
surface of the wafer at different portions in the radial direction of the

vaf er, Resneeldiyplor ANt Gig. Ola I & cond 1 ons Sl ede §f om the group

consi sting of tenperatures, kinds, and supply flow rates of etching

sol uti orsdd-Mddetling i t Yhe?b retehi RGeSQaukiron 1SURRl ¥,N0zzl es are then
changed. Therefore, an optinmm etching solution, where the tenperature,

kind, ofersuppliywdilowratieidhered rare adidisteds, is supplied to each part of
the wafer fromthe plurality of etching solution supply nozzles. As a
result, the degree of freedomto control the distribution of etching anount
on the surface of the wafer can be increased and the wafer can be
ef f ect i \BHEE @ o¥iTded IMVENThOh fl at ness, thereby allowing the wafer to be
easily subjected to the subsequent step of grinding. [0018] In addition,
the tenperGtire of tiwe ddscstibeet clicvg:,saaddran rispppl it fogogsddte first
supply nozzle to the center of the front surface of the wafer is higher
t han inventicn, a plurality of etching solution supply nozzles

are dispcsed above and opposite to the front surface of the

wafer at different portions in the radial direction of the

wafer, respectively and one or more conditions selected

from the group ceonsisting of temperatures, kinds, and

supply flow rates of etching solutions from the plurality

of etching solution supply nozzles are then changed.

Therefore, an optimum etching solution, where the

temperature, kind, or supply flow rate thereof are adjusted,

is supplied to each part of the wafer from the plurality of

etching sclution supply nozzles. As a result, the degree

of freedom to control the distribution of etching amount on

the surface of the wafer can be increased and the wafer can

be effectively provided with high flatness, thereby

allowing the wafer to be easily subjected to the subsequent

step of grinding.

[0018] In addition, the temperature of the first

etching soluticn supplied from the first supply nozzle to

the center of the front surface of the wafer 1is higher than

the temperature of the second etching solution supplied

from the second supply nozzle to the periphery of the front



the tenperature of the second etching solution supplied fromthe second
supply nozzle to the periphery of the front -9 surface of the wafer, so that
the etching rate of the wafer wth the first etching solution can be hi gher
than the etching rate of the wafer with the second etching solution. As a
result, the excessive etching of the periphery of the wafer can be
repaired, thereby efficiently providing the wafer with high flatness.
[0019] In addition, an etching solution used as the first etching solution

suppl i ed; frupd her figst Y t f_ the fr urface of
the wafer has a %i%ﬁ%rwiﬁgﬂ% ﬁaapgfiﬁf%%% % §?£§$ f%%gs%%oﬁgéeﬁgk?ﬁg

sol ut i onySUPRIHedr £ oM dhen S8 Ah SUPPh Vo297 é%i@népet?gﬁrw@efy of the

front surface of the wafer, so that the etching rate of the wafer with the

first etohimighsotatd ofr @an Jperdi ahern thao Lhe gl ching: £3t e 0fir 1 hg wafer

with the second etching solution. As a result, the excessive etching of

the periphef yrofuthe vl esxCads Do repahleg, o t hies ebyr effikei,ent! ynprovi di ng
the wafer with high flatness. [0020] Furthernore, the supply flow rate of

the firstafet chimgosotetbd Deduphd ech§ rontibeeftr gtpsoppiyngozgke to the
center of the front surface of the wafer is higher than that of the second

et chi ng waotert ivoncis uppdh: efll 4 ro¢s ¢ he second supply nozzle to the periphery of

the front surface of the wafer, so that the etching rate of the wafer with

the firstO@t¢hi ng sdrutddati tciam bearhigharindiasn el @t clsag as the
first etching solution supplied from the first supply
nozzle to the center of the front surface of the wafer has
a higher etching rate than that of the second etching
soluticon supplied from the second supply nozzle to the
periphery of the front surface of the wafer, sc that the
etching rate c¢f the wafer with the first etching solution
can be higher than the etching rate of the wafer with the
second etching solution. As a result, the excessive
etching of the periphery of the wafer can be repaired,
thereby efficiently providing the wafer with high flatness.
[0020] Furthermore, the supply flow rate of the first
etching solution supplied from the first supply nozzle to
the center of the front surface of the wafer is higher than
that cf the second etching solution supplied from the
second supply nozzle tc the periphery cf the front surface
of the wafer, so that the etching rate of the wafer with
the first etching sclution can be higher than the etching
rate of the wafer with the second etching solution. As a

result, the excessive etching of the periphery of the wafer

can be repaired, thereby efficiently providing the wafer

_10_



rate of the wafer with the second etching solution. As a result, the
excessi ve etching of the periphery of the wafer can be repaired, thereby
efficiently providing the wafer -10 with high flatness. BRI EF DESCRI PTI ON OF
DRAWNGS [0021] FIG 1 is a vertical cross-sectional view of the
substantial part of a method for etching a single wafer according to an
enbodi nent of the present invention; FIG 2 is a plane view show ng the

rel ati onship between first and second supply nozzles and the wafer; FIG 3
is a graph showing variation in the wafer thickness in Exanple 1; FIG 4 is
a graphﬁgg%MHgbﬂﬁylégdéggln the wafer thickness in Exanple 2; FIG 5is a

graph showm ng variation in the wafer thickness in Exanple 3; FIG. 6 is a
graph showing variation in the wafer thickness in Exanple 4; FIG 7 is a
graph showing variation in the wafer thickness in Exanple 5; FIG 8 is a
graph showWRrDESCRBMMION OR DHYewRbGer thickness in Exanple 6; FIG 9 is a
graph showi ng variation in the wafer thickness in Exanple 7; and FIG 10 is

a graph ghowing variation in the wafer

FIG. 1 is a vertical cross-sectional view of the
substantial part of a method for etching a single wafer
according tec an embodiment of the present invention;

FIG. 2 is a plane view showing the relationship
between first and second supply nozzles and the wafer;

FIG. 3 1s a graph showing variation in the wafer
thickness in Example 1;

FIG. 4 is a graph showing variation in the wafer
thickness in Example 2;

FIG. 5 is a graph showing variation in the wafer
thickness in Example 3;

FIG. 6 is a graph showing variation in the wafer
thickness in Example 4;

FIG. 7 is a graph showing variation in the wafer
thickness in Example 5;

FIG. 8 is a graph showing variation in the wafer
thickness in Example 6&;

FIG. 9 is a graph showing variation in the wafer
thickness in Example 7; and

FIG. 10 is a graph showing variation in the wafer

thickness in Comparative Example 1.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

~11-



t hi ckness in Conparative Exanple 1. BEST MODE(S) FOR CARRYI NG QUT THE

| NVENTION -11 [0022] Hereinafter, preferred enbodi nents for carrying out
the present invention will be described in nore details wth reference to
the attached draw ngs. [0023] As shown in FIG 1, a silicon single wafer
etching apparatus 10 conprises a wafer chuck 12 housed in a chanber, on
which a thin disk-like silicon wafer 11 is nounted and retained

hori zontal ly. The wafer chuck 12 conprises a disk-Ilike base nenber 13

having aodvameter hargenakhap, tpakrel bheWREEEmlhtdN¢ 3 Q%E%gqggaXis 16 in
I r

whi ch an axial part 16a is inserted through a through hole 1 med in

the cenber ehet Bechase merber b3 andiexeendedriiad he wentd cale diyrection.
The hol ding axis 16 conprises the axial part 16a; a wafer-recelving part

| 6b havi;agnharelrargecdi amelek MWHACRJS driakagial ly formed with the axial
part 16a and arranged on the front surface of the axial part 16a; a through

hol e 16ggoeiich is hermmdwhnithereenter ; afi1tbenhalidigng axise 16 and extends
fromthe bottomface to the top of the holding axis 16 in the vertical

di r ect i efichangplawpalriatoyisofl 0c empiicats R Wadlees Lok keach Hwaw g an £nd
comuni cating with the upper end of the through hole 16¢c and an opposite
cl osed ehdmbwsher ent Wk ictmunindat idigikhdlies sliad deadivatifee routiwarsd around t he
through hole 16¢c in the radial direction of the wafer-receiving part 16b; a
pl ural i mpuaf ed rgdgredweseticdccancertarlilcal | Yheowsedri nhtthé 12

comprises a disk-like base member 13 having a diameter

larger than that of the wafer 11 and a holding axis 16 in

which an axial part 16a is inserted through a through hole

13a formed in the center of the base member 13 and extended

in the vertical direction. The hclding axis 16 comprises

the axial part 16a; a wafer-receiving part 1léb having a

large diameter, which is integrally formed with the axial

part 1l6a and arranged on the front surface of the axial

part 16a; a through hole 16c, which is formed in the center

of the holding axis 16 and extends from the bottom face to

the top of the holding axis 16 in the vertical direction; a

plurality of communicating holes 16éd each having an end

communicating with the upper end of the through hole 1l6c

and an opposite closed end, where the communicating holes

16d radiate outward around the thrcugh hole 16¢c in the

radial direction of the wafer-receiving part 16b; a

plurality of ring grooves 16e concentrically formed in the

front surface of the wafer-receiving part 16b; and a

plurality of small pores 16f allowing the communicating

holes 16d and the ring grooves l6e to communicate with each
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front surface of the wafer-receiving part 16b; and a plurality of small
pores 16f allowi ng the conmunicating holes 16d and the ring grooves |6e to
comuni cate with each -12 other. A vacuum punp (not shown) is connected and
comuni cated with the bottom end of the through hole 16¢c. The front surface
of the wafer-receiving part 16b is configured to nount the wafer 11
concentrically with the wafer-receiving part |6b. Then, when the vacuum
punp is driven to nmake the inner pressure of the through hole 16¢

negati vethihe negaktMempHasSUN BN shRGNY hreughnhelbe c46Gnqal | ows the rear
surface of the wafer 11 to be adsorbed onto the wafer-receiving part 16b to

retain themwfiestell WioH 20/ ddtton Rraddi itk e ikon: sisw! e waf er
et ching apparatus 10 conprises a spinning device 17 for spinning the wafer

11 aroumthet Ife over tiuedlacXicE they enffd M decdiorimpiadt pl@neis The spi nning
device 17 conprises the holding axis 16, a driving notor (not shown) for
rot at i ngontfieyurelditeg naxirs: e Mafier confdgibead tihatl theyidth vig not or
rotates the holding axis 16 to allow the wafer 11 retained on the hol ding
axi s 16 wad eve reyumen wiirtch piahver HAlkdi ngheaxi shi6. tAkt enratiny @uynp 1its may be
configured that when the driving notor rotates the holding axis, the wafer
i s spun dndivien ttve red{editie aixirse pites duhee bas e menfiercush bed ey féxed wi t hout
spinning. [0024] In addition, as shown in FIG 1 and FIG 2, a plurality of
suppl y meaAtes e31,L182 regntdiepaseab abov el randhe through hole 16c¢

allows the rear surface of the wafer 11 to be adsorbed onto

the wafer-receiving part 1léb to retain the wafer 11

horizentally. In addition, the silicon single wafer

etching apparatus 10 comprises a spinning device 17 for

spinning the wafer 11 around the vertical axis thereof in a

horizontal plane. The spinning device 17 comprises the

holding axis 16, a driving motor {(not shown) for rotating

the holding axis 16. It is configured that the driving

motor rotates the holding axis 16 to allow the wafer 11

retained on the holding axis 16 to be spun with the holding

axis 16. Alternatively, 1t may be configured that when the

driving motor rotates the holding axis, the wafer is spun

with the hclding axis while the base member is being fixed

without spinning.

[0024] In addition, as shown in FIG. 1 and FIG. 2, a

plurality of supply nozzles 31, 32 are disposed above and

opposite to the front surface of the wafer 11 at different

positions in the radial direction cf the wafer 11,

respectively. In this embodiment, the plurality of the

supply nozzles 31, 32 include a first supply nozzle 31 that
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opposite to the front surface of the wafer 11 at different positions in the
radi‘al direction of the wafer 11, respectively. In this enbodi nent, the
plurality of the supply nozzles 31, 32 include a first supply nozzle 31
that -13 supplies a first etching solution 21 to the center of the front
surface of the wafer 11 and a second supply nozzle 32 that supplies a
second etching solution 22 to the periphery of the front surface of the

waf er 11. These supply nozzles 31, 32 can be independently noved,

respect iswely iRy ROZZle+ mdmGdeicas Al2142 disposed separatigly. The first
nozzl e-novi ng device 41 for noving the first supply nozzle 31 conprises: a

rotary reien 4la flahat odi eet ha mveas thel J idesdorgupplppnezazd £ 31 in the
axial direction; a ball screw 4lc coaxially connected to a rotary axis 41b

of the rolar puppitiers 4laecand &tenmle sdnewdgremer: Oithd grehighimg t he
first supply nozzle 31 in which a female screw that can be screwed by the
bal | scrdwtdkc fironflosmedaddy ol |tw na fidre 11bal Theeceewudba vt dozetlatse by
rotating the rotational axis 41b of the rotary notor 4la, the first supply
nozzl e 31L,ca? daen dier ectdepeammegd: livn nicheechxirad sy ateictd lon Hshareofld-oget her
with the fenmale screw nenber 41d. In addition, as illustrated in FIG 2 in
det ai |, mohvenfd Gstviigspldl ,ndzz | s sacbrfagpuradtk that Tine damsasci | | at e bet ween
a first evacuation position (i.e., a position represented by a two-dot
chai n |NafeliaTiPVEnR KaiHare 4l fict misigharige opert ings 8tal doeszhlt face to
the front surface of the wafer 11 and a first

31 comprises: a rotary motor 41la that directly moves the

first supply nozzle 31 in the axial direction; a bkall screw

41c coaxially connected to a rotary axis 41b of the rotary

motor 4la; and a female screw member 41d for holding the

first supply nozzle 31 in which a female screw that can be

screwed by the ball screw 4ic is fcocrmed. By allowing the

ball screw 41c to rotate by rotating the rotational axis

41b cf the rotary motor 4la, the first supply nozzle 31 can

be directly moved in the axial direction thereof together

with the female screw member 41d. In addition, as

illustrated in FIG. 2 in detail, the first supply nozzle is

configured that it can oscillate between a first evacuation

pecsition {i.e., a position represented by a two-dot chain

line in FIG. 2) where a fist discharge opening 31la does not

face to the front surface of the wafer 11 and a first

liguid supplying position (i.e., a position represented by

a solid line) where the first discharge cpening 3la faces

to the center of the front surface of the wafer 11, due to

the first nozzle-moving device 41. ©On the other hand, the

second nozzle-moving device 42 that moves the second supply
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l'iquid supplying position (i.e., a position represented by a solid |ine)
where the first discharge opening 3la faces to the center of the front
surface of the wafer 11, due to the first nozzl e-noving device 41. On the
ot her hand, the second nozzl e-noving device 42 that noves the second supply
-14 nozzle 32 is mounted on the base end of the second supply nozzle 32 and
is provided with a stepping notor 42a that allows the tip of the second
supply nozzle 32 to oscillate around the base end. Furthernore, the second

supply nezzlie 332 iiss reRMdQured dhatsdde cam %ﬁiﬂﬂét&&%d\eﬁ%ﬁﬁecond

evacuation position (i.e., a position represented by a twd- dot chain |line

in FIG nd)zmhere thel secebwiaeharos LHpanigid?ancioss 1o fiace to the
front surface of the wafer 11 and a second liquid supplying position (i.e.,

a posi tiddnowptesearted byttae sdddahd ingpwheaie ihe secand, g schagge opening
32a faces to the periphery of the front surface of the wafer 11, due to the

second nrozairer rahe g sdedee. 4Zurthereocriehe tper iselheny: efipihe fcantiesur face of
the wafer 11, where the second di scharge opening 32a is positioned on the

second |3xquisd csudlgimgl pdsitt iion,cdrs @ @i Meardilsdaneen i $déand he range of
(0.8 to 1.0)D/2 fromthe center of the wafer 11 to the edge thereof, when
t he out ervadiventetcer wofsittimen wafey. 1la iscddt @02 pRefeittedgoagai twéo FIG 1,
the first supply nozzle 31 is connected to an etching sol ution supplying
devi ce Bt hdtaidi sichrea ges EHe. f3r sthetehing sofend obl §dharge

opening 32a does not face to the front surface of the wafer

11 and a second liquid supplying position (i.e., a position

represented by a solid line) where the second discharge

opening 32a faces to the periphery of the front surface of

the wafer 11, due to the second rnozzle-moving device 42.

Here, the periphery of the front surface of the wafer 11,

where tThe second discharge opening 32a is positioned on the

second liquid supplying position, 1s a given distance

within the range of (0.8 to 1.0)D/2 from the center of the

wafer 11 to the edge thereof, when the outer diameter of

the wafer 11 is D,

[0025] Referring again to FIG. 1, the first suppiy

nozzle 31 is connected to an etching solution supplying

device 51 that discharges the first etching sclution 21

from the first discharge opening 3la to the center of the

front surface of the wafer 11. In contrast, the second

supply nozzle 32 is connected to a second etching solution

supplying device 52 that discharges the second etching

solution 22 from the second discharge opening 32a to the

center of the front surface of the wafer 11. The first
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fromthe first discharge opening 3la to the center of the front surface of
the'wafer 11. In contrast, the second supply nozzle 32 is connected to a
second etching solution supplying device 52 that discharges the second
etching solution 22 fromthe second di scharge opening 32a to the center of
the front surface of the wafer 11. The first -15 etching sol ution supplying
device 51 conprises a first tank 5l1a for reserving the first etching
solution 21, a first <conduit Iine 51b that allows the first tank 5la to

connect otlc0 iR AR 2 pii ik hieaase endplpthe did st supplyny nozzl e
31, a first punp 51c for supplying the first etching solution 21 fromthe

first tank Sba meweted en die fidst ocandy tsdinei®l 1,0 4 he fd¢ st supply
nozzle 31, and a first flow control valve 51d for adjusting the supply flow
rate ofcdrrifd Nemeetschi ngragolautlions Zhd of thee: fidst Supply awzzder 31

mounted on the first conduit line Sib. The first tank 5l1a is provided with
a first teenper alcurerderttyolWierh (ned badwwnd tdiatths tapabl @ygfigontrol Iing
the tenperature of the first etching solution 21 in the tank 51a. Here, the
ref erenceauinersdl, S €iinstFlf@nd 91 afdr rsipgletind thbef foet sethimiyng a
surplus amount of the first etching solution 21 supplied by the first punp
5la to tdvd Utirst Zlankecdmlahd rfimconttraast | Stdensecontl @t ctiiegf sodwuti on
suppl yi ng device 52 conprises a second tank 52a for reserving the second
et chi ng ®olditiiton 2% Sl isdoornthaonduitt $uprel B2 Fole atl owimg a thersecond tank
52a to connect to and comuni cate with the

flow control wvalve 51d for adjusting the supply flow rate

of the first etching solution 21 to the first supply nozzle

31 mounted on the first conduit line 5lb. The first tank

5la is provided with a first temperature controller (not

shown) that is capable of contreclling the temperature of

the first etching solution 21 in the tank 5la. Here, the

reference numeral S5le in FIG. 1 is a first return tube for

returning a surplus amount of the first etching solution 21

supplied by the first pump 5la te the first tank 5la. In

contrast, the second etching solution supplying device 52

comprises a second tank 52a for reserving the seccnd

etching solution 22, a second conduit line 52b for allowing

the second tank 52a to connect to and communicate with the

base end of the second supply nozzle 32, a second pump 52cC

for supplying the second etching solution 22 from the

second tank 52a mounted on the second conduit line 32b to

the second supply nozzle, and a second flow control valve

52d for adjusting the supply flow rate of the second

etching solution 22 to the second supply nozzle 32 mounted

on the second conduit line 52b. Here, the reference
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base end of the second supply nozzle 32, a second punp 52c for supplying
the'second etching solution 22 fromthe second tank 52a nounted on the
second conduit line 52b to the second supply nozzle, and a second fl ow
control valve 52d for adjusting the supply flow rate of the second etching
solution 22 to the second supply nozzle 32 nounted on the second conduit
line 52b. Here, the reference -16 nuneral 52e in FIG 1 is a second return
tube for returning a surplus anmount of the second etching solution 22

suppl i edurky-dihesecondr UMD 522 4 addund idstutiankhlass f OP@ﬁldrH}?g or nore

selected fromthe groups consisting of tenperature, kind, and supply flow

rate of seatirpifud kot if antk SRCEHH altcd gy sl Mid ans 21, 532 cady be
changed. Wen the tenperatures of the first and second etching solution
21, 22 are wrangetnd henfd rsia elchimg Siotdd itghi2ls14s adjusted to a
predeterm ned tenperature of preferably in the range of 15 to 40C, nore

pref erablopddal t he r ange ocef mbTe ts@130CdaY firven fulestyrcanmeraingiestciany rol | er
and the second etching solution 22 is adjusted to a predeterm ned

t enper atafr & drpwera thihan  thiatd ,ofartdhesfpgist Etwhirngsobtitéorn 24, tipseferably in
the range of 0 to 30C, nore preferably in the range of 5 to 20C. Here, the
reason ofimghy arite se¢@nperetarimmpfsdhe fanst2let i ngpsdbatdlom@ddis |inmted
in the range of 15 to 40Cis that less than 15C |leads to a decrease in
pr oduct iWHary Eee tiwerschivee s atfe Ufe af i th pad tseofnd hetwlmfey surface | owers
and nore than 40C | eads to

solution 21, 22 are changed, the first etching sclution 21

is adjusted to a predetermined temperature of preferably in

the range of 15 to 40°C, mcre preferably in the range of 15

to 30°C by the first temperature controller and the second

etching solution 22 is adjusted to a predetermined

temperature lower than that of the first etching solution

21, preferably in the range of 0 to 30°C, more preferably

in the range of 5 to 20°C. Here, the reason of why the

temperature of the first etching solution 21 1s limited in

the range of 15 to 40°C is that less than 15°C leads to a

decrease in productivity as the etching rate of a main part

of the wafer surface lowers and more than 40°C leads to

difficulty in maintenance of the degree of wafer flatness

as the viscosity of the etching soluticn decreases. The

reason of why the temperature of the etching solution 22 is

limited in the range of 0 to 30°C is that less than 0°C

leads to coagulation of the etching solution and more than

30 °C leads to insufficient effects because of a decrease

in difference of the etching rates with the first etching

solution.
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difficulty in maintenance of the degree of wafer flatness as the viscosity
of the etching solution decreases. The reason of why the tenperature of the
etching solution 22 is limted in the range of 0 to 30Cis that |ess than
OC leads to coagul ation of the etching solution and nore than 30 C | eads
to insufficient effects because of a decrease in difference of the etching
rates with the first etching solution. -17 [0027] Furthernore, when each of
the kinds of the first and second etching solution 21, 22 is changed, the
first etichiong sol ut irortBirused,i shene cpef efaklnge havidig &n tigt ching rate of
0.2 to 3 pnisec, nore preferably 0.3 to 1 pmisec at 30C and the second

et chi ng fSalsut izonl 22 dised dichione swEvithgrare let ¢ nigs ratendiml [gie t han the
first etching solution, preferably 0.01 to 1 pnmisec, nore preferably 0.01
to 0.3 unrsdc.etldérievg tded urtdasor? lofusehy itsheoret ghiagp raailey diavime 4nr st
etching solution 21 is limted in the range of 0.2 to 3 um/sec is that

| ess t hatdhigpmasec dfedds ttee & prethest,i orerian gprefhucatlh vy t§. AAntb nbre than 3
pmleads to a difficulty in control of the shape of wafer because of being
obst r uctinves g athe Progmeb S hof sstachichge tashimgretdlert iofn % actecels The reason
of why the etching rate of the second etching solution 22 is limted in the
range ofor® (vigdl arpretsdcine natat dresklahama Olhend sest |ezasing bei ng

virtual ly incapabl e of processing etching and controlling wafer form ng and
nore t hd® W iifseP 1z tly ihsUf ficilentn/sec, more preferably 0.01

to 0.3 um/sec. Here, the reason of why the etching rate of
the first etching solution 21 is limited in the range of
0.2 to 3 um /sec is that less than 0.2 um/sec leads to a
reduction in productivity and more than 3 pm leads to a
difficulty in control of the shape of wafer because of
being obstructive to the progress of etching as a matter of
practice. The reason of why the etching rate of the second
etching solution 22 is limited in the range of 0.01 to 1
pm/sec is that less than 0.0l pm/sec leads to being
virtually incapable of processing etching and controlling
wafer forming and more than 1 pm/sec leads to insufficient
effects because of a decrease in difference of the etching
rates with the first etching solution. The above first

Q.

etching solution 21 may be one having a weight ratic (% by

welght) of fluorinated acid (HF) : nitric acid ({(HNOs)
phosphate {HiPO,) : water (H,0) = (5 to 20} : (5 to 40)
(30 to 40) : remainder {rest) after mixing with an aqueous

acid solution. The second etching solution 22 may be one
having a weight ratio (% by weight) of fluorinated acid

(HF) : nitric acid (HNC;) : phosphate (H;PO,) : water (H;O)
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effects because of a decrease in difference of the etching rates wth the
first etching solution. The above first etching solution 21 may be one
having a weight ratio (% by weight) of fluorinated acid (HF) : nitric acid
(HNG®3) phosphate (H3PO4) : water (H20) = (5 to 20) . (5 to 40) (30 to 40)
remai nder (rest) after mxing with an agqueous acid solution. The second
etching solution 22 may be one having a weight ratio (% by wei ght) of
fluorinated acid (HF) : nitric acid (HNG3) : phosphate (H3PO4) : water

(H20) - 38 (0.(D.t& t1®)10) (2 2Q t=n)50) fad%t@ofl&) felﬁgmgpe(r§£€§t)-
[ 0028] Furthernore, when the supply flow rate of each of the first and

second etarliglg sol utrensezhord? iWwhethangedupdiRe supplvadd Qv rad@, of the
first etching solution 21 is adjusted to preferably 1 to 10 1/mn, nore

preferahlly thd Cistl/and.skdenduppttyidd oy nateof 2he second-gichtag
solution 22 is adjusted to one snaller than the supply flow rate, and
pref er ablhe Gupdly X wimgtemore fieferadt yet:bing s@ldim. 2Here, the reason
of why the supply flowrate of the first etching solution 21 is limted
wi t hin tavg ustnge tofprdefar A0l A/ Mt i k0 thatil essotdhanrdfdiabhy | 2atls to being
obstructive to the progress of etching and nore than 10 1/mn leads to a
decr eased i IWreffrf ecThieo splegdty ddsts rbgcaude thef senlcanrgenemtinef facilities. The
reason of why the supply flowrate of the second etching solution 22 is
limtedsaduthion the yamd) wited 1te cose 19mahl és vt tlessstpphy Of lowl/ nin
| eads to offset of the effects of the second etching

rate, and preferably 0.1 to 5 1/min, more preferably 0.5 to

3 1/min. Here, the reason of why the supply flow rate of

the first etching solution 21 is limited within the range

of 1 to 10 1/min is that less than 1 1/min leads to being

obstructive to the progress of etching and more than 10

1/min leads to a decrease in effect to plant costs because

of enlargement of facilities. The reason of why the supply

flcw rate of the second etching solution 22 is limited

within the range cof 0.1 to 5 1/min is that less than 0.1

1/min leads to offset of the effects of the second etching

sclution 22 and more than 5 1/m leads to unstable liquid

conditions because of an increase in liquid interference.

[(0029] Further, the single wafer etching apparatus 10

has a detecting device 39 for detecting irregularities of

the surface of the wafer 11, by a laser reflection scheme

utilizing laser reflection at the surface ¢f the wafer 11.

The detecting device 39 has a detection output connected to

a control input of the control device 35, and the control

device 35 has a control output connected to the driving

motor (not shown) of the spinning device 17, to the first
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solution 22 and nore than 5 1/mleads to unstable liquid conditions because
of an increase in liquid interference. [0029] Further, the single wafer
etching apparatus 10 has a detecting device 39 for detecting irregularities
of the surface of the wafer 11, by a |laser reflection scheme utilizing

| aser reflection at the surface of the wafer 11. The detecting device 39
has a detection output connected to a control input of the control device
35, and the control device 35 has a control output connected to the driving

mot or (RefpShawn)aref Aihes Sl ngdeMi 8, ke tg%&fbeffgﬂgte?&?irpgrm 5/ ¢ and

first flow control valve 51d of the etching ution supplying device 51

to the seqend pumuhAc and dsacandf) aw ot rele wad yep2ds ol Lhe second

etching solution supplying device 52, to the rotary notor 4la of the first

nozzl e- madorgl davint etk rand d1ord M StEPRMY sdmid 42, pfgthe second
nozzl e-novi ng device 42. The control device 35 is configured, based on the

det ect i Gl uatitoputs ugfo The deiadtdenEdevic e 39, rdtnspiided - thes gotati onal
speed of the driving notor of the spinning device 17, thereby setting the

rotationale sieed ofoddle-mafiery Mavide cont rald the fhid sétoppmmdlc and first
flow control valve 5/d of the etching solution supplying device 51 and the
second puripb2C and secorskddrow reomt rotmaal e dS2id-of42 he second et chi ng
sol ution supplying device 52, thereby determ ning supplying states of
et chi ng oitutdlons:vifaeomd his faarst 1 and:d.edorekduppl yhaoketestB8dn 32; and to

cutput of the detecting device 39, to control the

rotational speed of the driving motor of the spinning

device 17, thereby setting the rotational speed of the

wafer 11; to contrcl the first pump 51c and first flow

control valve 51d of the etching solution supplying device

51 and the second pump 52c¢ and second flow control valve

52d of the second etching solution supplying device 52,

thereby determining supplying states of etching solutions

from the first and second supply nozzles 31, 32; and to

control the rotary motor 4la of the first nozzle-moving

device 41 and the stepping motcr 42a of the seccnd nozzle-

moving device 42, thereby setting the states and positions

of the first and second supply nozzles 31, 32, respectively.

Concretely, the control device 35 has a calculation device

36 such as a CPU, and a plurality of memories 37, 38,

The plurality of memories 37, 38, - store therein, at

least, the surface shape of the wafer 11 before processing,

the positions of the first and second supply nozzles 31, 32,

the amounts of the etching solutions discharged from the

first and second supply nozzles 31, 32, the etched state of
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control
steppi ng notor 42a of the second nozzle- noving device 42, thereby

the states and positions

the rotary nmotor 4la of the first nozzle-noving device 41

respectively. Concretely, the control device 35 has a cal cul ation
36 such as a CPU, and a plurality of menories 37, 38, The plurality of
menories 37, 38, store therein, at |least, the surface shape of the wafer

11 before processing,

31, 32, thkheuvaraurt $ foft Hhevaatchiing Kolivy ats §schargsd, from the
second supply nozzles 31, 32, the etched state of -20 the surface of the
waf er llrederienget Beapreocessirg waer gflerance shape fcdha waf er 11
processing, respectively. The cal cul ation device 36 is configured
conduct realpeultdtiedys baredcencthetwahedestur-tace shapenfig0zezlde tpositions,
and the like stored in the nenories 37, 38, thereby obtaining novenents of
t he nozziesiudt, c32cudmd itthnes diasehBbrogi NGrestwatfes afutfm-etghigy, sol utions.
Further, the nenories 37, 38, store therein data of the surface shape of
t he waf ezl ebheborid jpnecessichg hdetlddteeds timred hien déteeatdmug ideyvixe, 39. Not e

t hat

it

is possible for the nmenories 37, 38, : to store data of a

shape of38,each Weferbyl Ioho: bei py ceesseeh) t whe EhtdatBo i 51 eet 8tt ed2 by
detecting device 39; to store data of a surface shape of one wafer
pr edet erEfich dden giseh aafo vl extatiels o finiteh edathelrics saeipriviserm at i vel y det ect ed
by the detecting

Further, the memories 37, 38, - store therein data of the
surface shape of the wafer 11 before processing detected by
the detecting device 39. Note that it is possibie for the
memories 37, 38, «: tc store data of a surface shape of
each wafer 11 to be processed, which data is detected by
the detecting device 39; to store data of a surface shape
0of one wafer 11 every predetermined number of wafers 11,
which data is representatively detected by the detecting
device 39; or to store data of a surface shape of a
predetermined wafer 11 every ingot, which data 1is
representatively detected by the detecting device 39; or,
it is possible to use a predetermined data for each type of
wafer 11. Moreover, the detecting device 39 may be
configured as an independent device for measuring a surface
shape of a wafer, without placing the detecting device 1in
the single wafer etching apparatus 10.

[0030] The method for etching the wafer 11 using the
single wafer etching apparatus 10 as constructed above will
be described.

[0031] At first, in the state that the wafer 11 is
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device 39; or to store data of a surface shape of a predeterm ned wafer 11
every ingot, which data is representatively detected by the detecting
device 39; or, it is possible to use a predeterm ned data for each type of
waf er 11. Moreover, the detecting device 39 may be configured as an

i ndependent device for neasuring a surface shape of a wafer, w thout

pl aci ng the detecting device in the single wafer etching apparatus 10.

[ 0030] The nethod for etching the wafer 11 using the single wafer etching

appar at usuh@ ds ceomsier Weied above Wdduube dgscrihed (O3 HnMrddrst, in

the state that the wafer 11 is -21 nounted on the chuck 12, a vacuum punp,

whi ch i sccangeebesuntieadrd Gamunreated Wit kide battommendff Hdes t hrough
hole 16c of a holding assenbly 16, is actuated to make the Ppressures of the

t hr ough 1l @ f16c hodermgnizeatdng haleg %6d,actsimlda hel enal&f .riand ring groove
16e negative, and the negative pressures then keep the wafer 11 in a

hor i zonteale s spaist iodn.thlen thhrictig8t adcd,e tihe:, drdosinith i t0m Pfhdhe 1sqi nni ng
device is actuated to allow the wafer 11 to spin in horizontal plane
t oget hersmailtlh hivhe HR@lIfdi rgdassenblgr obbreanice triveydiaise: ,menhert 3.
Alternatively, only the holding axis 21 may spin, while the base nenber 19
i's not alddeveda erespiureand HarxdokerSulisequerdt Y11 tihe a dtaryzomtaolr 4la of the
first nozzl e-nmoving device 41 and the stepping notor 42a of the second
nozzl e- ppdEitg cdevi ¢8 4Riar etetspethievaryvdngventor of the spinning

device is actuated to allow the wafer 11 to spin in

horizontal plane together with the holding assembly 16 and

the base member 13. Alternatively, only the holding axis

21 may spin, while the base member 19 is not allowed to

spin and fixed. Subsequently, the rotary motor 4la of the

first nozzle-moving device 41 and the stepping motor 42a of

the second nozzle-moving device 42 are respectively driven

so0 as to move the first supply nozzle 31 to a pesition that

allows the discharge cpening 3la to face to the center of

the front surface of the wafer and so as to turn the second

supply nozzle 32 to a position that allows the discharge

opening 32a to face to the periphery of the front surface

of the wafer, and then the first and second pumps 5lc, 5Zc

are driven and the first and second flow control valwves 51d,

52d are opened so as to supply the first and second etching

solutions 21, 22 from the first and second discharge

openings 3la, 32a of the first and second supply nozzles 31,

32 to the center of the front surface and the periphery of

the front surface of the wafer 11, respectively. The first

etching solution 21 supplied on the center cof the front
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so as to nove the first supply nozzle 31 to a position that allows the

di scharge opening 3la to face to the center of the front surface of the
wafer and so as to turn the second supply nozzle 32 to a position that

all ows the discharge opening 32a to face to the periphery of the front
surface of the wafer, and then the first and second punps 51c, 52c are
driven and the first and second flow control valves 51d, 52d are opened so
as to supply the first and second etching solutions 21, 22 fromthe first
and secohd fdiceckdr gae opdrimdgs JradBld windvs fiavetrdantheseabnd suppl y
nozzles 31, 32 to the center of the front surface and the periphery of the
front s@efridenofft hdewakderill rfespedthesglariphve f iafsttheetdumyg sol ution 21
supplied on the center of the front -22 surface of the wafer 11 gradually
noves t GWakécehefedde wodew di ofmitlve atafidmal b fommeadse rpers preimedf t he
front surface of the wafer 11 while etching a processing-strained |ayer on
t he fron@Y&dr Pacéhef firva twgfierf acehe fodite ivadlgal -  Tbeceewittrh filye 1spi nni ng
novenent_ of the wafer 11 makes nost of the first and second etching

sol uti of®TEE Wiz Do NEnSPIRAFEYY P Vighed [ pl s Wil s clalt teirkee d ewset dr opl et s
outside of the wafer 11, followed by discharging them outside of the

chanber O 68521 bt 2Nth & G BHITE 39 Y IS810t4 lon Ut i€ from the

o a t SRk (e HREGher THAS e e U 1e (HOREdohd By sol utfon
supplied . v o wafer 11, followed by discharging them outside of
the chamber.

[0032] Here, when the first etching solution supplied
from the first supply nozzle to the center of the front
surface of the wafer is set to a temperature higher than
the temperature of the second etching solution supplied
from the second supply nozzle to the periphery of the frent
surface of the wafer, the etching rate of the wafer with
the first etching solution increases higher than the
etching rate of the second etching scluticon. As a result,
the excessive etching of the periphery cof the wafer 11 can
be compensated and the wafer 11 can be effectively provided
with high flatness. In addition, when the first etching
solution supplied from the first supply nozzle toc the
center of the front surface of the wafer is an etching
solution having a higher etching rate than that cf the
second etching solution supplied from the seccnd supply
nozzle to the periphery of the front surface of the wafer,

the etching rate of the wafer with the first etching

solution is higher than the etching rate of the wafer with
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fromthe second supply nozzle to the periphery of the front surface of the
wafer, the etching rate of the wafer with the first etching solution

i ncreases higher than the etching rate of the second etching solution. As a
result, the excessive etching of the periphery of the wafer 11 can be
conpensated and the wafer 11 can be effectively provided wth high
flatness. In addition, when the first etching solution supplied fromthe
first supply nozzle to the center of the front surface of the wafer is an
etching solution having a higher etching rate than that of the second

et chi ng 3@ WJ QR $ ed f he segand suppl nozzl e to the periphery of
the front surface E$R¥Hé %égqgﬁﬁ%é %%c%iﬁg%%é¥é 5%etﬁ§QﬁﬁﬁﬁV%Mth t he

first etéﬂam&dq ¥ WHOR S dHONer ¢ hafe tuibﬁj]:%ef Cﬂﬁ]ncgar{ & &gr@[é‘%% %%r wth

-23 the second etching solution. As are e excessivVv g of the

i ph f . , he, Wef b
per i pherancdft HeheyWahiercabl wean b Gorpens al,al, s and dhe, vaf gl can be

effectively provided with high flatness. nor e, the supply fl ow

rate of dihanddd.st rakehergosel Utihen suRPlhed £y emthe o Ste sypp!y  nozzle
to the center of the front surface of the wafér is higher than the supply

f1ow ratfe raft tdhe-rsierpnd RitchiMeusol ikd on-Sypld eﬁiﬁé@r@ﬁﬂﬂfecond suppl y
nozzle to the periphery of the front surface of the wafer, the etching

rate of rdweafter thd hedriteed igsttiet chidig salatd @n d noreasgsrehi gher than the

etching rate of the wafer with the second etching solution. As a result,

the exceésisjhver efran nheofsupply flow rate of the second etching
solution supplied frem the second supply nozzle to the
periphery of the front surface of the wafer, the etching
rate of the wafer with the first etching solution increases
higher than the etching rate of the wafer with the second
etching solution. As a result, the excessive etching of
the periphery of the wafer 11 is compensated and the wafer
can be effectively provided with high flatness.
[0033] Note that althcugh the embodiment has been
explained for a situation for repairing an excessive
etching of a periphery of a wafer 11 which becomes
problematic upon etching by a single supply nozzle, the
present inventicn is not limited thereto. Since a surface
shape of a wafer after slicing or of a wafer subjected to a
mechanical flattening prccess including lapping after
slicing, is not uniform in a radial directicn of the wafer
and has a thickness variation, undulations, and the like
caused thereon, it is enough to conduct etching sc as to
repair them. Namely, 1t is possible to effectively attain

high flatness of a wafer 11, by previocusly measuring a

surface shape of the wafer 11 before etching, and by
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t he periphery of the wafer 11 is conpensated and the wafer can be
effectively provided with high flatness. [0033] Note that although the
enbodi ment has been explained for a situation for repairing an excessive
etching of a periphery of a wafer 11 which becones problenmatic upon etching
by a single supply nozzle, the present invention is not limted thereto.
Since a surface shape of a wafer after slicing or of a wafer subjected to a
mechani cal flattening process including |apping after slicing, is not

uni f or maidﬁ u@: tg% . {%kxed io.rre?ntoir%n c%%gltitr{ﬁ o\{x{asf %rel %Qdecr' atsroqn ttr}{eg kggrgoﬁ.l}uvar I ation,

undul at i ons, € 't ke ™ cause ereon, it 1s enough ct etching
so as t I i em %%%EJ it 1S ¢ i t f ivel i hi gh
flatnesgogﬁﬁg%ﬁgﬁég 1%? y 8%36%%Us??9ﬁ§§53%?%éﬁgﬁigﬁﬁ?§¥§'%ﬂ%%%q% t he

wafer 11ihefiore ehchiiRgs ardHy su%gv lg]‘ci’ajdﬁftﬂd?rg QNe HcHmi L Londidd,ons

selected fromthe group consisti tenperatures, kinds, and supply fl ow

rates ofs;eGhing SRt RS e HHRRId adf7:0m tdhe, &8 ald ng, Sqldid,on ~supply

nozzl es, depénding on the surface shape of the wafer, so as to conpensate

for a diff erence c%%%%%@%dﬁ%s!&i%er%ﬁéé%t%@? @ @ dptended surface
shape of the wafer 11 after etching. Furthernore, although the above

enbodi mepir £ has hegnr descrahetdorday sldn@td Ot et hendupbesr of1 supply
nozzles is two, the supply nozzles nay be three, four, or nore, in nunber.
EXAMPLES fter etching. Furthermore, although the above embodiment

has been described for a situation where the number of

supply nozzles is two, the supply nozzles may be three,

four, or more, in number.

EXAMPLES
10034} Next, Examples of the present inventiocn will be
described in more detail with reference to Comparative
Example.
[0035] <Example 1>

As shown in FIGS. 1 and 2, a wafer obtained by
slicing a silicon single crystal ingot was subjected to
chamfering and mechanical grinding (lapping), so that there
was also prepared a silicon wafer 11 of 300 mm in diameter
of which front and back surfaces were flattened. In
addition, a first etching solution 21 was prepared by
mixing an aqueous hydrofluoric acid solution at a weight
concentration of 50%, an aqueous nitric acid solution at a
weight concentration of 70%, and an aquecus phosphoric acid
solution at a weight concentraticn cof 85% in a volume ratio

of 4 ¢+ 7.4 : 6 and then reserved in a first tank 5la heated
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[ 0034] Next, Exanples of the present invention wll be described in nore
detail with reference to Conparative Exanple. [0035] <Exanple 1> As shown
in FIGS. 1 and 2, a wafer obtained by slicing a silicon single crystal

i ngot was subjected to chanfering and nmechanical grinding (lapping), so
that there was also prepared a silicon wafer 11 of 300 mmin dianeter of
whi ch front and back surfaces were flattened. In addition, a first etching
solution 21 was prepared by mxing an aqueous hydrofluoric acid solution at

wei ght - ereent pat tan 9f,20%, .80 2queausn Al L mg dogpiution at a we ght

concentratlon of 70% and an aqueols Ror I"¢ “aci t a weight

concent kAt % | of d then reserved in
( EJES%ar%'{’ioodeﬁx\i%gu% 3k Q\Jelﬁjfeh onc trgﬁ:% 3

a first tan heat ed at 30C. secon et chi ng
sol uti o gR2ouNAF IRSANLE Y Mg RO% grg FANGENY o, an
aqueous fluorine acid sol ution, %b@bby merg%ﬁ}coﬁbentratléﬁ{ é% aqueous

nitric agi dmscagsatelo@% -Ang: 180%chyy \@%Nﬁtmrpor&%ﬁﬁtgo@t Wap Wi i fif} aqueous
. an

phosphoric acid solution in a volune rati'o of 4 d then reserved

in a secondenttank i92a Jreaked e RACH h@%@ﬁfor%@@&%@élﬂ%n ayefer 11 was
nmount ed on a chuck 12 such that the front surface of the wafer 11 was faced

upwar di yo1Sutles eguant loyf, 4 he maf er ¢ Ehavasiprigamald yid of al@dhnpf ter that,

the first discharge opening 3la of a first supply nozzle 31 was then
tank 5Za heated at 20°C. Under such cenditions, a wafer 11
was meunted con a chuck 12 such that the front surface of
the wafer 11 was faced upwardly. Subsequently, the wafer
11 was horizontally rotated. After that, the first
discharge opening 3la of a first supply nozzle 31 was then
reciprocated between - 50 mm to + 50 mm from a basic point
(0 mm), which was the center of the front surface of the
wafer 11, c¢r the center of the wafer 11, at a velocity of
40 mm/sec, while the second discharge opening 32a of a
second supply nozzle 32 was then reciprocated between 30 mm
to 0 mm from a basic point (0 mm), which was the periphery
of the front surface of the wafer 11, or the periphery of
the wafer 11, at a velocity of 40 mm/sec. Under such
conditions, the first etching sclution 21 was supplied from
the first supply nozzle 31 onto the center of the front
surface of the wafer 11 at a flow rate of 4 1/min, while
the second etching solution 22 was supplied from the second
supply nozzle 32 onto the periphery of the front surface of
the wafer 11. By centrifugal force generated by the

horizontal spinning of the wafer 11, the first etching

solutieon 21 was spread out from the center cof the front
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reci procated between - 50 mmto + 50 nmfroma basic point (0 nmm, which
was'the center of the front surface of the wafer 11, or the center of the
wafer 11, at a velocity of 40 mi sec, while the second di scharge opening
32a of a second supply nozzle 32 was then reciprocated between 30 nm to O
mm froma basic point (0 nm), which was the periphery of the front surface
of the wafer 11, or the periphery of the wafer 11, at a velocity of 40

nm sec. Under such conditions, the first etching solution 21 was supplied

from therthestosupbynezz! e13L,00he EB@eC%HE?Eo@f Lhe1trenk surface of
the wafer 11 at a flowrate of 4 1/ mn, whil t he second etching sol ution

22 was §@@@hdeét£h9ﬂhtB@lﬁ@@@ﬂd223H9§|%pB@éé'6u§2f96h0thﬁe periphery of the
front surface of the wafer 11. By centrifugal force generated by the

hori zonpaligpenpi 89 ofhet Reowal enrticet B thestagbehingtosehut keRe21 was
spread out fromthe center of the front -26 surface of the wafer 11 to the

edge t heneofhewbbfe therebgcendhehghihngrsekytiog-22reasespnagerout fromthe
peri phery of the front surface of the wafer 11 to the side end thereof,
t her ebycetishdngyatpeopéssrngzatiannpdokaygeingcatseticbyattlke pllanari zati on
processing of the wafer 11. Therefore, the etched wafer was provided for
Exanpl eTheref0086] LkExahphed2waEechivag pfowafied Was Earmpéd daut by the sane
way as that of Exanple 1, except that a second etching solution used was
an et chilAg3§adl uti on<pxepriedZby m xi ng an aqueous
Etching of wafer was carried ocut by the same way as
that of Example 1, except that a second etching solution
used was an etching solution prepared by mixing an agueous
hydrofluoric acid solution at a weight concentration cof 50%,
an aqueous nitric acid solution at a weight concentration
of 70%, and an aqueous phosphoric acid solution at a weight
concentration of 85% at a volume ratio of 3 @ 8: 6 and then
kept at a temperature of 30°C. Therefore, the etched wafer
was provided for kExample 2.
[0037] <Example 3>
Etching of wafer was carried out by the same way as
that of Example 1, except that the second etching scoluticn
was supplied from the second supply nozzle onto the
periphery of the front surface of the wafer at a flow rate
of 3 1/min. Therefore, the etched wafer was provided for
Example 3.
[0038] <Example 4>
Etching of wafer was carried out by the same way as

that of Example 1, except that a second etching solution

used was an etching soluticn prepared by mixing an aquecus
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hydrofluoric acid solution at a weight concentration of 50% an aqueous
nitric acid solution at a weight concentration of 70% and an aqueous
phosphoric acid solution at a weight concentration of 85%at a volunme ratio
of 3 : 8 6 and then kept at a tenperature of 30C. Therefore, the etched
waf er was provided for Exanple 2. [0037] <Exanple 3> Etching of wafer was
carried out by the sane way as that of Exanple 1, except that the second
etching solution was supplied fromthe second supply nozzle onto the

peri phenyqgeb rtilie rfiront;sukbace s6h the Mafeigrat R dow latie s ofs 3l min.
Therefore, the etched wafer was provided for Exanple 3. [003§i <ExXampl e 4>

Et chi ngaef awakenswas tearr iaed oWh 1BY ibhe a3ane WA HaS cdt@intafa tExgpl e 1,
except that a second etching solution used was ‘an etching sol ution prepared

by m xi Bg amzaqueeusin- 2Gukpeiobheepne rad ¢Sel wdien iakh atwel ghlight
concentration of 50% an aqueous nitric acid solution at a wei ght

concent kahicent raft i 66%p famd 2am taqueeusighasphier o aci:d ssolaution at a wei ght
concentration of 85%at a volune ratio of 3 : 8 6. Therefore, the etched

waf er waheprdvirded ther cExampl erader WAA3YrovExdanplfe b EngHiengl of waf er was
carried out by the sane way as that of Exanple 1, except that a second
et chi ng [9813&%t]i on usBdawadeah>et ching sol ution prepared by m xi ng an aqueous
Etching of wafer was carried out by the same way as

that of Example 1, except that a second etching solution

used was an etching solution prepared by mixing an aqueous

hydroflucric acid sclution at a weight ccncentration of 50%,

an aqueous nitric acid solution at a weight concentration

cf 70%, and an agqueous phosphoric acid sclution at a weight

concentration of 85% at a veclume ratio of 3 : 8: & and then

kept at a temperature of 30°C. Subsequently, the second

etching soluticon was supplied from the second supply nozzle

onto the periphery cf the front surface of the wafer at a

flow rate of 3 1/min. Therefore, the etched wafer was

provided for Example 5.

[0040] <Example 6>

Etching of wafer was carried out by the same way as

that of Example 1, except that the temperature of the

second etching solution was kept at 30°C and the second

etching solution was supplied from the second supply nozzle

to the periphery of the front surface of the wafer at a

flow rate of 3 1/min. Therefore, the etched wafer was

provided for Example b.

[0041] <Example 7>
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hydrofluoric acid solution at a weight concentration of 50% an aqueous
nitric acid solution at a weight concentration of 70% and an aqueous
phosphoric acid solution at a weight concentration of 85%at a volunme ratio
of 3: 8 6 and then kept at a tenperature of 30C. Subsequently, the second
etching solution was supplied fromthe second supply nozzle onto the

peri phery of the front surface of the wafer at a flowrate of 3 1/ mn.
Therefore, the etched wafer was provided for Exanple S. [0040] <Exanple 6>

Et chi ng of “aﬁ€éh¥ﬁ% GariLed-opl bXaE??eaagﬁggﬁ¥n@ﬁe LaAk gt /Exammie 1

except that the tenperature of second e Fon “Was kept at 30C
and t hetggeopnd Eﬁ&ﬁBh@glsobHEbBE %ﬁatsape%b%ﬁdf%%ghaﬂ% %%g%%qo%upp'y nozzl e
to the periphery of front Surface of the wa l'ow rate of 3

1/ mn. Iggaeﬁﬁéeantggcﬁﬁﬁ ego@@%@Bn“@%epB&%ﬂ'g?dm Qi nEXanPl8; 60 f0041]
<Exanmpl e 7> -28 Etching of wafer was carried out by the sane way as that of

Exanpl enldarexcaptithatia secandoat ghi BYweAlHkl @Rnksed MaS AR etxehi ng
solution prepared by m xi ng an aqueous hydrofluoric acid solution at a

wei ght saneentbati antefic58%id ablaguenus thiat Wed gaei doselauitien iatn a wei ght
concentration of 70% and an aqueous phosphoric acid solution at a wei ght

concent pat i7or, 0n85%mat qacvalsupBosahice ief adid 8olhtiocfubksequentight t he
second etching solution was supplied from
concentration of 85% at a volume ratio of 3 : 8: 6.
Subsequently, the second etching solution was supplied from
the second supply nozzle onto the periphery of the front
surface of the wafer at a flow rate of 3 1/min. Therefore,
the resulting wafer was provided for Example 7.
[0042] <Comparative Example 1>
Etching of wafer was carried out by the same way as
that of Example 1, except that the second etching sclution
was kept at a temperature of 30°C. The resulting wafer was
provided for Comparative Example 1.
[0043] The temperatures (°C) of the first and second
solutions, kinds (the percentages of the aquecus
fluorinated acid (HF) solution in the mixtures) (% by
weight), and flow rates (1/m) of the first and second
etching solutions of Examples 1 to 7 and Comparative

Example 1 as described above are listed in Table 1 with the

differences between the first and second etching solutions.
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t he second supply nozzle onto the periphery of the front surface of the
wafer at a flowrate of 3 1/mn. Therefore, the resulting wafer was

provi ded for Exanple 7. [0042] <Conparative Exanple 1> Etching of wafer was
carried out by the sane way as that of Exanple 1, except that the second
etching solution was kept at a tenperature of 30C. The resulting wafer was
provi ded for Conparative Exanple 1. [0043] The tenperatures (C of the first
and second solutions, kinds (the percentages of the aqueous fluorinated
acid (HRoc@lution in the mxtures) (% by weight), and flow rates (1/m of
the first and second etching solutions of Exanples 1 to 7 and Conparative
Exanpl e {I'zdd edegcri bed above are listed in Table 1 with the differences

bet wepn The 1St and seconmd etthimyg sotutions—=2910644hFable—1
Diffefences IststEtzahngg Sod uidion 2Ndrat eRERGSAMLI-98, bet e "f:g%fl 1%‘5']9 2nd
Et chipg solutipn Tenp. HF Supply Tdnp. HF Supply (C) conc| fﬁcwv(() cphc.
flowi(w) rate (W% rate (1/mn) {(1/ mn) 2 - 20
Etching
solution
Temp. |HF Supply Temp. |HFE Supply
(°C) conc. flow (°C) conc. flow
(WwL%) rate (Wtg) rate
{1/min) (1/min)
Example 30 9 4 20 9 4 Temperatures
1
Example 30 S 4 30 7 4 Concentrations
2
Example |30 9 4 30 9 3 Flow rates
3
Examecle 30 9 4 20 7 4 Temperatures,
4 Concentrations
Example 30 9 4 30 7 3 Concentrations
5 ;, Flow rates
Example 30 9 4 20 9 3 Temperatures
6 ;, Fiow rates
Example 30 9 4 20 7 3 Temperatures,
7 Concentrations
, Flow rates
Comparat | 30 9 4 30 9 4 Nothing
ive
Example
1
[0045] <Comparative Test and Evaluation>

Thicknesses of the respective silicon wafers, on
which the single wafer etching procedures were performed
according to Examples 1 to 7 and Comparative Example 1,
were measured using a flatness-measuring equipment
(Wafercom, manufactured by Doi Precision Lapping Co., Ltd.),
respectively. The measuring results in Example 1 to 7 are
shown in FIGS. 3 to 9 and the measuring results in
Comparative Example 1 are shown in FIG. 10. As 1s evident
from FIGS. 3 to 10, Examples 1 to 7 (FIGS. 3 to 39), which

represent the surfaces of the respective wafers 11 etched
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Exanple 30 9 4 20 9 4 Tenperatures 1 Exanple 30 9 4 30 7 4 Concentrations

2 Exanple 30 9 4 30 9 3 Flowrates 3 Exanple 30 9 4 20 7 4 Tenperatures, 4
Concentrations Exanple 30 9 4 30 7 3 Concentrations 5 , Flow rates

Exanple 30 9 4 20 9 3 Tenperatures 6 , Flowrates Exanple 30 9 4 20 7 3
Tenperatures, 7 Concentrations Flow rates Conparat 30 9 4 30 9 4 Not hing
ive Exanple 1 [0045] <Conparative Test and Eval uation> Thicknesses of the
respective silicon wafers, on which the single wafer etching procedures

vere pepkoiiRe1 yasgordiend i@ tExamplRschd @ t4AMy CyMmardidye faml e 1,

were neasured using a flatness-neasuring equi pnent (Wafercom manufactured
by Doi Phecirgispeclapp 1g r&e. and Gecond esReAt WRIA-1cH1e wmaswdg resul ts in

Exanple 1 to 7 are shown in FIGS. 3 to 9 and the nmeasuring results in
to be flat, compared with Comparative Example 1 (FIG. 10)
which represents the surface of the wafer etched by

supplying the etching solution form the single supply

nozzle,

INDUSTRIAL APPLICABILITY

[0046] Therefore, the present invention can be applied
on a method for etching a single wafer such that the front
surface of each of wafers is etched one by cone while bkeing

horizontally retained and rotated.
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Conparative Exanple 1 are shown in FIG 10. As is evident

fromFIGS. 3 to

10, 'Exanples 1 to 7 (FIGS. 3 to 9), which represent the surfaces of the
respective wafers 11 etched -30 by supplying the first and second etching
solutions from the respective first and second supply nozzles, were found
| at, conpared with Conparative Exanple 1 (FIG 10) which represents
the surface of the wafer etched by supplying the etching solution formthe

to be f

single
pr esent

such that the front

bei ng

supply nozzle. | NDUSTRI AL APPLI CABI LI TY [0046] Therefore, the

i nvention can be applied gnaavgethod for etching a single wafer

surface of each of wafers is etched one by one while
hori zontally retained and rotated. -31 CLAIMS 1. A nethod for
etching a single wafer, wherein a single thin disk-like silicon wafer

sliced fir.om aZsieithion Siomglee chdmystaals inrdet wiaF espuNHar editrchy & ifdfpng  sur f ace

of the wafer with etching solutions supplied thereto, conprising the
of : di spdsinnglis kpllukal istiyl igforetwatfieny ssldlastd dirsupplyi 1 inazz | es@bove and

st eps

opposite to the front surface of the wafer at different portions in the
radi al dimvedtilonngfott He smafrerto anidhclangiong ene frcanre tdondidfeans sel ect ed
fromthe

with etching solutions supplied thereto, comprising the
Steps of:

disposing a plurality of etching sclution supply
nozzles above and opposite to the front surface of the
wafer at different portions in the radial direction of the
wafer; and

changing one or mecre conditions selected from the
group consisting of temperatures, kinds, and supply flow
rates of etching solutions from the plurality of etching

sclution supply nozzles.

2. The method for etching a single wafer according to
claim 1, wherein

the plurality of etching solution supply nozzles
include a first supply nozzle that supplies a first etching
solution to the center of the front surface of the wafer
and a second supply nozzle that supplies a second etching
solution tco the periphery of the front surface of the wafer,
where

the temperature of the first etching solution
supplied from the first supply nozzle to the center of the

front surface of the wafer is higher than the temperature
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group consisting of tenperatures, kinds, and supply flow rates of etching
solutions fromthe plurality of etching solution supply nozzles. 2. The
nmet hod for etching a single wafer according to claim1, wherein the
plurality of etching solution supply nozzles include a first supply nozzle
that supplies a first etching solution to the center of the front surface
of the wafer and a second supply nozzle that supplies a second etching
solution to the periphery of the front surface of the wafer, where the

t enper atur enef sthenfl E$EH8LHENISRA SQlW 1-0R 1S URPlHed, .1 fjrst supply
nozzle to the gentgr of the%-EroHt ghrfagg of thé%ﬂaﬁggﬁkﬁnﬁ¥gLer t han t he

t enper akupe1y3200k 1khe csecengetigphicny $ whi-on PPl g% from ¢ he,sSecond
supply nozzle to the periphery of thé front surface of the wafer. 3. The
nmet hod fvaEeet.ching a single wafer according to claim1, wherein the
plurality of etching solution supply nozzles include a first supply nozzle
that supplies a first etching solution to the center of the front surface
of the wafer and a second supply nozzle that supplies a second etching
sol uti oB.t o t Reeperithber Yoaf ethdibhmont sdukflaceadfert hecsfEmng wwhere the
first etching solution supplied fromthe first

claim 1, wherein

the plurality cof etching solution supply nozzles
include a first supply nozzle that supplies a first etching
sclution to the center of the front surface of the wafer
and a second supply nozzle that supplies a second etching
solution to the periphery of the front surface of the wafer,
where

the first etching solution supplied from the first
supply nozzle to the center of the front surface of the
wafer 1s an etching solution having a higher etching rate
than that of the second etching sclution supplied from the
second supply nozzle to the periphery of the front surface

of the wafer.

4. The method for etching a single wafer according to
claim 1, wherein

the plurality of etching solution supply nozzles
include a first supply nozzle that supplies a first etching
solution to the center of the front surface of the wafer
and a second supply nozzle that supplies a second etching
solution to the periphery of the front surface of the wafer,

where
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supply nozzle to the center of the front surface of the wafer is an etching
solution having a higher etching rate than that of the second etching
solution supplied fromthe second supply nozzle to the periphery of the
front surface of the wafer. 4. The nmethod for etching a single wafer
according to claim1l, wherein the plurality of etching solution supply
nozzles include a first supply nozzle that supplies a first etching
solution to the center of the front surface of the wafer and a second

suppl y nozz| etﬁ@agu@s@g' 'ﬁsov@ seeand et ohing; 1@l W &fﬁfﬁ(ﬁ) EB%E%?phery of

the front surface o e wafer, where -33 the supp |ow rate of the first

et chi ngs Pié@nfréﬂflthbe@lfr%Qmsﬁl%lfy‘ ¥z SUPRl Y ﬂQ@Z&@nﬁgrtBG ggpter of the
front surface of the wafer is higher 'than the supply flow rate of the

second efght Ngusekbki F Sl from hh%he%e@ﬂﬁh suppl yupprgl €1b@ the
peri phery of the front surface of the wafer. -
rate of the second etching solution supplled from the
second supply nozzle to the periphery of the front surface

of the wafer.
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