DESCRI PTI ON METHOD FOR ETCHI NG SI NGLE WAFER TECHNI CAL FI ELD [ 0001] The

preseht invention relates to a nethod for etching the front surface

of a wafer one by one, where the wafer is rotated while an etching
is supplied onto the front surface of the wafer. BACKGROUND
ART [0002]In general, the process for manufacturing a sem conductor
waf er conprises the steps of obtaining wafers by cutting and slicing
single crystal ingot, and chanfering the respective wafers,
mechani cal grinding (|apping), eHEHRIFIIANrror-polishing, and

t hereby producing a wafer with highly precise flatness. The
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sol uti on

out of a

cl eani ng,

processi ng, such as bl ttin r oundi_n
has a damaged | ayer (|ﬁg¥H8§

slicin and | appi ng,

%9%) IN& Eggg?ﬂe%Af er) on the

surface thereof. In the process for device production, such a
processi ng-strai ned | ayer causes crystal defects, such as slip

di sl ocat i

‘cEaRdrt kegfpchani cal strength of the wafer is then

decreased. In addition, it has adverse effects on electric
char act erjstdigs. TheTigé O Lesdite PrReEsshngeBitad nasl d ayehoshedlkd be

conpl et el
et chi ng
di p-etchi

y renoved. For renoving such a processing-strained |ayer,
gradciess the capntesuonfdce There warfert woet ypesnof vt nge
ng and si ngl e wafer etching.

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 obtaining wafers
by cutting and slicing out of a single crystal ingot, and
chanfering the respective wafers, mechanical grinding
(lapping), etching, mirror-polishing, and c¢leaning, 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
léyer) 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

an



[ 0003] Anbng the etching processes, the single wafer etching has been
regar'ded as the nost suitable etching process, which enables the
control of the texture-size and surface roughness of a |arge-sized
waf er. 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

dri pped etching solution over the front surface of the wafer. The
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spread out over the surface of the wafer from a supplied
point 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 thereof by centrifugal force and then collected into a
cup or the like arranged on an etching device.
[0004] For example, as a process 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



[ 0006] However, in the single wafer etching shown in the Patent
Docunent 1, the etching solution is quantitatively dripped through a
single supply nozzle, so that etching anount may vary. As a result,
the front and back surfaces of a silicon wafer, subjected to the
etching process, have deficiencies that the flatness of the wafer
cannot be maintained after the flattening process including | apping
and grinding. In addition, the desired surface roughness of the wafer
cannot b&GPHIYe@r TREPERG! eSP¥Tetiahpmevithg thettenthebornd surf ace
roughness _t her eof | ar anount of grinding margin is required in
the mirrotY qgsﬁﬁnghﬁnggggf %ﬁptQRﬁlsﬁﬁégSGg§eaE%%%ds@%ﬁﬁii n mrror
polishin%ﬂgﬁl bear ﬁ hea¥% burden. [,0007] Accardi ngly, the object of
the present: iAWelti GRS €267 ptoW oo ™ TerhSd £Breef ¥ ng 2£%i ngl e

waf er, j iyely attain high flatness and i nprove the
pr oduct?ﬁ%ﬁﬁ@?&gﬁ%ﬁm FOR SOLVI NG PROBLEM [ 0008] As shown i n

FIG 1, thedanventiopaefinel 8bfdedts 1an i nprovenent of a nethod for
etching a single wafer, wherein a single thin disk-like silicon wafer

11 sliced fromapasikkbcUneshnghed cratsdral AppdatatSos pPRbl Ocet tdh ad.r ont
surface of the wafer 11 wth etching solutions 21, 22 supplied

t heret o. JOOH4Bde (€Raracfier F&§6iclfeature 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 more COMGHIBIRE & dEFed™VEBR the group consisting of

25 T om tHOBEAN By SRR YugREtaY °5kre then changed.
[0006] However, in the single wafer etching 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 of 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 roughness 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.



[0010%In the single wafer etching apparatus as described in claim1,
plural etching solution supply nozzles 31, 32 are di sposed above and
opposite to the front surface of the wafer 11 at different portions
in the radial direction of the wafer, respectively. Fromthese
etching solution supply nozzles 31, 32, optinmum etching solutions 21,
22, where the tenperature, kind, and supply flow rate are adjusted
dependi ng on the surface shape of the wafer 11, are supplied to the
respective portions described above. Therefore, the degree of freedom

to contrql i St L i et ching anmount on the surface of the
waf er 1%“@%B§ﬁgm%gﬁéﬁg&t€£%€LE¥%n be i ncreased and the wafer 11 can
be thus e t.ively ovi ded wit i gh at ness.. [ 0011] The .i nyenti on
of claim Q|eo§3]rel ate ét%ﬂ? e J‘|J[1nvl:§r¢t~!i gh g#’ecf%‘i’?ﬁﬁ%oﬁso Lfg‘taﬁg’r\isﬁﬁm

in Fig. | u i f [ ol uf, nozzl es
31, 32 i%ﬁiﬁﬁgﬁgbﬁﬁ%gﬁ QEp%?@é%%ggf%ﬁ%%Qfﬁg?as%p%+?@gga f%?t et chi ng

sol ution Zledeart heseagter tRintdesi+yonde sunfaes Rhriher maferccll and a
second supply nozzle 32 that supplies a second etching solution 22 to

t he peri phemy =ofsiflhechr ehtgserdacer0f inetwatespld, toherei e thent
tenperature of the first etching solution 21 supplied fromthe first
suppl y noy#tfec® ofothheweaéar ekl ofitithetfabdny saothbtensf2ihe2dwafer 11
is higher than the tenperature of the second etching solution 22
suppl i ed FHIh i tE€E6RA-supply nozzle 32 to the periphery of the

L{gg}esaé&gﬁﬁggf theTﬁgfggaggét £¥§¥¥J %eggﬁrgE£Qg9eggrlfgéﬂynp%h%t

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 more conditions selected
from the group consisting of temperatures, kinds, and
supply flow rates of etching solutions 21, 22 from the
plurality of supply nozzles 31, 32 are then changed.

[0010] In the single wafer etching apparatus as
described in claim 1, plural 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. 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 of the wafer 11,
are supplied to the respective portions described above.
Therefore, the degree of freedom to control the

distribution of etching amount on the surface of the wafer



described in claim?2, the tenperature of the first etching solution
supplied on the center of the front surface of the wafer is higher
than the tenperature of the second etching solution supplied to the
peri phery 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 wwth the second solution. Typically, in
the method for etching a single wafer, due to both the generation of
heat by r¥acini dieamd fele stk aase eramfbea Inapgiagednantietipervpher all
direction of the wafer by centrifugal force, excessive etching may
tend to oTRUPS rFitise efderphERYyY PHowRd Wiith hAghnElabEe$dr etching a
single waf e f the esent invention, the tenperature of the first
et chi ng s&%ﬁﬁﬁon 21 EEEpF?ﬁfp?%?ﬂnqﬁu§qups? L8ppPR ezt B to the

center of, the f.raqnt rface.of _th fer 11 is.higher th t he.
tenperatu%éyéhgﬁﬂuanggéﬁgmegéh?%ggg%ﬁhﬁﬁ(510 2 %ﬁp%ﬁ?édﬁf?g%$ﬁ?k9
second Suﬁﬂi%ﬂﬂﬁ%éb%y3%ftQtEH§n€e£éfﬁ%¥dh(ghﬁpﬁ% heoniesusface of the
wafer 11, so that thé periphery of the wafer 11 can be prevented from
excessi veigtnlda fEherekopplyt hezved e31 Fhaearubeletbest Fvesy
provided with high flatness. [0013] The invention of claim3 is
rel at ed tett¢lhieng mednttiiom @fl tbathe l¢emsers hoimihien fEbGE §urfhes edh t he
plurality of etching solution supply nozzles 31, 32 include a first
suppl y nokiz¢ ev@fiexn Hat agigppl sesondf sprpletdizg sSél thprénserribes e
center of the front surface of the wafer 11 and a second SUP I

nozzl e 325¢FARd KipPings 52 18&¢6R0<8t bhi WP FRAERGE Y281t bPEhe g%giphery
of the front surf of .1 er et fir t chi

sol ution §ir§%%%f%§§jf?8ﬁ$%ﬁ£@?rrg%%23%€ﬁ§“%§%§F§r§%L{§ %Eegg%nter of

the front :suLf acepfingd e 1M@figh 21 LSpaNi &1 Chidg 3@l ¥tii-gR _Bagﬂsng a
hi gher etching rate than that of the second etching solution 2

suppl i ed hpoméhel seconek sipplky pbezzhe Brodto diheaper bphehy whréhe
front surface of the wafer 11. [0014]In the nethod for etching a

si ngl e wafériashigser ithed ithecltaipe8atthe 41 ridte sechindgesohutgon 21
supplied fromthe first supply nozzle 31 to the center of the front
surface ofolnbigmaf®t supHlsegh fsoehithg sefend oiPHaVIN®GZ2aShPghep

etching rate than that of the second etching sqlution 22 supplied
from the $BEoRET LMY HoiA% 1F9toSPREARRY %Hﬁ?&“@ﬁeghélfront

surface oﬁgbgz%mafer];1ih%om%@gtdtﬁg eé&ﬁ#%%h%?%gnggetmgfg@fgg W th

the first ng solﬁilo can be |6her _ chi'ng rate of the
waf er w t josecondy eix?hélrbgiﬁ(%l,Utt'h%nteiﬂﬁgkg%\llfé/’of e imRthed chong

etching a single wafer, due to both
solution supplied on the center of the front surface of the
wafer is higher than the temperature of the second etching
solution 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.



generation of heat by reaction and the transfer of a liquid in the
peri pheral 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 first
etching solution 21 supplied fromthe first supply nozzle 31 to the
center of the front surface of the wafer 11 uses the kind of an

et ching solution having an etching rate higher than that of the
second etlshiavgrsolint tba 2etlsegpfardk tfahdmgt hessecbadvsimpplof nozzl e 32
to the periphery of the front surface of the wafer 11, so that the
per i pher ypIESenfe mﬁﬁéfilqllr chlre beempranpdvired of r bhe efbesiatechetehi ng.

Therefore, the wafer 11 can be effectlvel¥ provi ded with high

f1 at ness. SO]{U(*}GPE‘] ’?HeSPHQEH?@oW%‘ t'ch@aufrﬁ-‘fé i SUPRIRtRE 3P t3n]e NFERt i on
of claiml, as f er sho wowherein .plurality. of

et chi ng s&%&irbﬁ rﬂ%gnf%gf thﬁcwﬁggr R?'+§th% yhedzz1 e

31 that f\#féoltle e?lgle:hfsétoft 1 andﬁ?&’tét%ﬂé%é ﬁpfor(f LED(Hlﬁtelae

front surface o e waf er secon upp y nozz

suppl i es g eaoRd s%bghang mﬁpwtm&m?@ 320 tbh@h@eﬁépb&wr@foft had ront

surface of the wafer ere the supply flowrate of the first

et chi ng stlditt @rerbcsuppl ted fada thg fdor shasuppbypapzaher 3b it ahiehe

center of the front surface of the wafer 11 is higher than the supply

flow rat evafert N8 secohd prehengedof win gxc2Zsduppkiedifigom the second

supply nozzle 32 to the periphery of the front surface of the wafer

11. [O0016Therefseemeithedwhréerel Ehtay ke SififgIcé ival ¥rragvadeerybed in

claim 4, the ply flowrate of the first etching solution 21

suppl i ed ¥ éit?é?nﬁ SPst supply nozzle 31 to the center of the front

surface o % ¢h8 walerohd s Bhehar dian dhesuppbi Llow (g of the
suppl |

second et sol ution fromt e second supply nozzle 32

to the peripheribOlort beahrONT 4T iRGH Ofn R Waf efindleisoridat the
etching rate of the wafer with the first etchi ng solution can be

hi gher t hanutdie 8t &oF rgchahg obltheomadgipIW b zzhessetpnsl2 et redil wie
solution. Typically, in the nmethod for etching a single wafer, due to
both the geherst isoprdfy heatlby3tetiet owzm"idetSh@ ttiansf erchina |iquid
in the peri heral direction of the wafer by centrifugal force

excessi vesetehialy Jtaya éhg censeeurti Hhe h@%’ér iSpRERFE PiS\AE@%rwafﬁ"if t he

i,nventi on

hod f
rsrﬁt)pf)y fFi%ve‘%‘lg%]:eang?e%torsﬁléingluP?ﬁgepffF\FL% 2% tg‘taletor%%%’fléﬁ BpFi Eac??%m t he
First SUpBJ:gtﬁﬂ?%é%oltLﬁc]lotno 2f2h%06@pge¢? H18, Igonhesyibagesof L 0e

wafer 11 1S t he supp W rate of the second etc I ng

sol ution g2 @f«ﬂ@%{@& flrlomwth*é@esgﬁen@lusy@r&ﬁ/cngzIs%l?a%lbg bhe
periphery of the front surface of the wafer 11, so that the

peri pherysgppt hed wafetr thk ddrshespppyeniet: fa am excessi veneechd fig.

Therefore, the wafer 11 can be effectively provided with high

fl at ness. the front surface of the wafer 11 is an etching solution
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 of

the front surface of the wafer 11 is an etching solution



EFFECT OF THE | NVENTI ON [ 0017] As descri bed above, according to the
present invention, a plurality of etching solution supply nozzles are
di sposed above and opposite to the front surface of the wafer at
different portions in the radial direction of the wafer, respectively
and one or nore conditions selected fromthe group consisting of
tenperatures, kinds, and supply flow rates of etching solutions from
the plurality of etching solution supply nozzles are then changed.

Therefore, an optinum etching solution, where the tenperature, kind,
or suppl Y¥ieE pabédbherebfh e mfjudtes, thatseppthedeensach part of

the wafer fraomthe uraljty of etchi solution supply nozzles. As a
resul t, tqﬁ§9f&§r§8lg¥l??e%%o%??&%%ﬁ#hﬁggp gh@ ﬁ?%??$h§h$%ﬁ¥(ﬂoz €hi ng
anount o rface.of the f.er .can.be increased .and the fer can
be effec??%gﬁy%gfo §5é8h3f¥ﬁj i g e TeSEr TEREr2 yt%ﬁfﬁﬁﬁﬂbqﬁhe
wafer to I Ly .Subj d t ng,: st e f 1 ndi ng.
[0018]InE§§ i??og¥et%gbﬁg%%e$%?%f2§3$ﬂ$ﬁ§%#?rg%gétc ?n%ﬂég?utign

suppl i ed dv@Mngh@ch ik $bnSURR! Ne NOZA & tt@lahh@héeélﬁ@lﬁi@c% tdhe fgorhe
surface of the wafer is higher than the tenperature of the second

et chi ng sclfidn erditduppbord étamiidescledod . supypdycaidazl et ahehe
periphery of the front surface of the wafer, so that the etching
rate of tietheaf dorwethhihe &issrgls ohifey . sdbat fonbetin Bee hi gher than
the etching rate of the wafer with the second etching solution. As a
resul t, tHOHaEdSE 06 Beehi Ry Bra¢hiehenicphbey toprneher waf et davife

el ed. A NSreb, S el enh Yo BE o g Lhe atep DDl gl di et ness.
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 solution 21 supplied
from the first supply nozzle 31 to the center of the front
surface of 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



first etching solution supplied fromthe first supply nozzle to the
center of the front surface of the wafer has 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, so
that the etching rate of 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 walBriacan cethepupfed, L hefhepye dbei speRtYyIpwviating it hdenaf er

with high flatness. [0020] Furthernore, the supply flow rate of the
first etcmiy 3 §§F&P%nsgg{5ﬁ?%dﬂf rsdﬁﬂptlﬁégf ingg E%%pﬂ/r%zsqué’ltyo t he
center of_ the front surface of th fer is higher th t hat of the
second etnc%zlzﬁge s?’gl %Pi ghesﬁ%%if?]éaofr%% &ﬁé’nieé}%ﬂga%%p%f;ﬁh%iﬁ%rto t he
peri pheryllOf:'Lst _@Sﬁﬁd@%nkpgffréﬁges plt ef]]\g%]c ?:ra’tesgft AL éebﬁor%cm ng rate
of the water with the first etching solution can be higher than the

etchi ng redeniely sheuwabar 2 shod Nees eGoRd tekCBERGNS 0L kb DN .nAS 12
result, the excessive etching of the periphery of the wafer can be
repaired,32 her elhe ekfripheny| yf ptlovi tharg tshe feaktesf whé hwafagh 11.

fl atness. BRI EF DESCRI PTI ON OF DRAW NGS g0021] FIG 1is a
vertical CYOsE-secti dnatheimerivfd thee sGosiaat pasipare wifexr st hod for

etching a single wafer according to an enbodi nent of the present
i nvent i ordescribed ipy glazmi &, atipe afiPRAYew SHoweh§ Pheti@latitnshi p

Dot e L S SRS, SR PR Bt IS Sl o £1G S
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 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
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 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 supply flow rate 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 supply flow rate of the second etching
solution 22 supplied from the second supply nozzle 32 to

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



FIG 4 is a graph showing variation in the wafer thickness in Exanple

2; ' FIG 5 is a graph showing variation in the wafer thickness
I n Exanple 3; FIG 6 is a graph showing variation in the wafer
t hi ckness in Exanpl e 4; FIG 7 is a graph showing variation in
t he wafer thickness in Exanple 5; FIG 8 is a graph show ng
variation in the wafer thickness in Exanple 6; FIG 9is a

graph showi ng variation in the wafer thickness in Exanple 7; and
FIG 10 |téleapgrraphe§ﬁoaﬁ nghe ard gy di icant he nateented cikamss in

Conpar ati ve Examp 1. 0022] Herei nafter, preferred enbodi nents for
carrying ediftestsﬁgepFEEEh? i n\?@ﬁtr SR | FRpe"dcribé&d™ Renore detail s

W th ref ergnce 4218, 811 86055 8 M9 atness.

EFFECT OF THE INVENTION

[0017] As described above, according to the present
invention, a plurality of etching sclution supply nozzles
are disposed above and opposite toc 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 consisting 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 solution 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 solution supplied from the first supply nozzle to
the center of the front surface of the wafer is higher than
the temperature of the second etching solution supplied

from the second supply nozzle to the periphery of the front



[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

di sk-like silicon wafer 11 is nounted and retai ned horizontally. The
waf er chuck 12 conprises a disk-1ike base nenber 13 having a di aneter
| arger than that of the wafer 11 and a holding axis 16 in which an
axial part 16a is inserted through a through hole 13a fornmed in the
center of the base nenber 13 and extended in the vertical direction.
The hol diSHy f@des of6thenprfees 3hethadi dlhepatthibe; rat ewad rilreecaifieirng
part 16b haV|n a_large diameter, which is integrally formed with the
axi al paﬂF'fB nd1aFtaRgebion %?kﬂ?%QQﬂ?a§uP?abég6$rt?ﬁﬁ@v@hﬁ par t

16a; a thro hol ich_is for in the center of the holding
axis 16 éﬁﬁz eﬁ& efP%nF%%eW%%ﬁtdﬁV?h SeFﬁﬁdt%Ec%ﬁnqrﬁptﬂﬂ%ﬂnng

O o Ao e U CehodLLECLL A, AW V! ;ég?{e”%m%er'%g%{%’t% hol es

16d each ving an & comuni ca the upp

t hr ough h/@alﬁerl@éna@)@ 2BpAPPLSI t&&t&%ﬁ%&&@aeﬂfe%e Pﬂqum Lating
hol es 16d radi ate outward around the t hrough hol e RGC In the radi al

di recti onwafert ha twaheghr ecetnésg. part 16b; a plurality of ring
grooves 16e concentrically formed in the front surface of the

waf er-reced@liNg part If6bddanitbm, prureglchtipgobosudl dn poses albfrhal | owi ng
t he communi cating holes 16d and the ring grooves 16e to conmuni cate
wi t h eachfiptth@tchAngasadit ponrpspotisshdwmen itbecbhnett edprig

comuni cated with the bottom end of the through hole 16c. The front
sur f ace dﬁotﬁga%ﬁtéper888t9Fn@fp%9? %%%“i§u€5ﬁFPg9FeHh?oWﬁ%%%t5¥%e

waf er 11 cancent | a vin art b. Then, when
t he vacuurnoifmﬁethpJ:r %ﬁé nr? ng% aﬁﬁﬁg lhprgsgu 8% H& t hr ough
hole 16¢c Q@ﬂ%lo\ﬁegu‘&)@ngag@EbMet}Q eééwn% i &J.t? hgggyeht@c’tﬁe 16¢

allows the rear surface of the wafer 11 to ads ed onto

waf er - r ecgéyigiepads ok treonet ghpride d/ﬁft@zre Yhrberi gentrbdt ythé n
addition, the silicon single wafer etching apparatus 10 conprises a
spi nni ng efeviioey Fatloo fsphanivaget hei tiaftere Tliratogndhihe yeldial axis
thereof in a horizontal plane. The spinning device 17 conprises the
hol di ng a&@@lﬁﬁfuah@ﬁlﬁhﬁg trbeoet ¢mbrg stedwn o If dher seéekngl thethml di ng
axis 16. It is_configured _that the driving notor rotates the hol ding
axis 16 t%e%?W%w§QQQ;%Ha§€ﬁuiiOPetéﬁhédréﬁuﬁﬁe E%?d?*ﬁﬁ%ﬁd?? 16 to be

SN AP MRS i BAE O b B

that when® Vi ng 0 ng a fer is

spun “‘thtﬂ@fb$§ﬂé%fﬂ%f@ﬂtﬁy“@kbglabﬁ Qﬁ%@vﬂﬁﬁge%ltﬁ H??Hgfiéﬁﬁggs

wi t hout spi nni ng. I n“addi tion, as shown in and 2, a
plurality[eb2suppl y @QZZh@Em@ﬂte, %@rse;pingzpmd @Q@Meoﬁnﬂh@pﬁ?ﬁ%ﬂe to
the front surface of the wafer 11 at different positions in the
radi al di eechimon ofldthemnmaeplldd fespedtid viginst lsmpbhiysnerbbdi trent ,
the plurality of the supply nozzles 31, 32 include a first supply
nozzl e 31théatentmmpplli ddiea firionst sertiian e Sdlhg Weife2l isohi pketehar of
the front surface of the wafer_ 11 and a second supply nozz|le 32 that

suppl i es BPdBcohdhst SFGs SEGRLBA ??1T29qqu§ﬁﬁﬁ%ﬁﬁﬁeﬁﬁoﬁf thRe front
surface of the waf er l%oéEQes% sggg rl;q 3%;t ZanRtbS fa
vy ByFRozZt e- #5295

|ndependeﬁ?Fy nnvéﬁ) espectlvel novi NQ “dévi'tes

di sposed separatel er The, firgt cRRZZLEn MY i NG JW G8eAhalcRt WRVANg the
first supply nozzle 31 conprises: a rotary notor 4la that directly

moves thechir sirStppiohitRZ R u3lohNchhep@xiddhdl rech ehe atbakihgscrew
41c coaxially connected to a rotary axis 41b of the rotary notor 41a;
and a f emaheessf eshareidrarr 4didhf ahehebdomg ¢thenfrig stolsugpny nbzzd e 31

in which a femal e screw that can be screwed by the ball screw 41c is

formed. Byeahlbwi tige tdrecdralilvesetewidgcot othotrrmi dhe motodt ithg whéer

rotational axis 41b of the rotary notor 4la, the first supply nozzle
can be repaired, thereby efftctently providing the wafer
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second nozzl e-nmovi ng device 42 that noves the second supply nozzle
32 is nounted 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 nozzle 32 is configured that it can oscillate between a
second evacuation position (i.e., a position represented by a two-dot
chain line in FIG 2) where the second di scharge opening 32a does not
face to the front surface of the wafer 11 and a second |iquid

suppl yi ngrigdsintiiobn flpteessa position represented by a solid |ine)
where the second di scharge opening 32a faces to the periphery of the
front surface of the wafer 11, due to the second nozzl e-novi ng device
42. Here, ' ropnt surface of the wafer 11, where

t he secoﬁ%ﬁgﬁggﬁgﬁgg$g%%&%éﬁgkéyég positioned on the second |iquid
suppl yi ngrppsistion, is a given distance within the range of (0.8 to
1.00D/2 fromthe center of the wafer 11 to the edge thereof, when the
outer dianeter pok .t he;wafepedd; s RrdsQ025LReESLT | PPt N0 FIG 1,
the first supply nozzle 31 is connected to an etching sol ution

suppl yi ngsuiestaee i21 bhat desghasgesd the kiteitingt ghsnggBolwdian 21
fromthe first discharge opening 3la to the center of the front
surface ofcadmwlingf éo &h. ehodom¢mtasif Hhiee psesontd sopphyieozzle 32 is
connected to a second etching solution supplying device 52 that

di schar ges t he FSécord1&t @hPhgnesof iAW Gihop2nfr ohet helsekemEhid schar ge
opening 32a to the center of the front surf%ce of the wafer 11. The

first etRMFHESFSiToR uppFFRgS R4 @B ELESHBRFsER® 83195t t ank
51a for reservi the.first _etching solution.,21. a first conduit line
51b t hat alloméﬂgﬁegfﬁﬁs? %5%%1§ﬁ§%%9%§%ﬁ38F198 éﬁdk%%ﬁﬁﬂﬁgiate wth
the base gg%%§%e§gu;ﬁf@&§ﬁp§gppLy nozzle 31, a first punp 51c for

suppl ying the first etching solution 21 fromthe first tank 5la

mount ed on the fig.sts gendugtaphnenddind eatrhathibhsinstippl yanwzzl e 31,
and a first flow control valve 51d for adjusting the supply flow rate
of the fitsicletedd ng Salampilen221 to the first supply nozzle 31
nounted on the first conduit line 51b. The first tank 5l1a is provided
with a first tdser & dseaconapbl skew{mbtvagiemipnt hat the apabl e of
controlling the tenperature of the first etching solution 21 in the
tank 5la. tHEFERethe T EF@PBrCe3nunmeral 5le in FIG 1 is a first return
tube for returni surplus_amount of the .first etching tion 21
suppl 1 ed by tne T & 5k SEaRR SRoRENs | P e ShalhiEBH T het

t he secon?hE&QKggg:ﬁp@H&&gﬁesgpplying device 52 conprises a second
tank 52a tor reserving the second etching solution 22, a second
conduit line 52brd or7 ald awigRgphhehseeond:d-ank i9%a ihoteenneeért o and
comuni cate with the base end of the second supply nozzle 32, a
second punpibReedorirsUpaimpilrg sthe second etching solution 22 fromthe
second tank 52a nounted on the second conduit line 52b to the second
supply nozzle, & & siecendrbbbwstoninol vamatd B2dnf dheadplisting t he
supply flow rate of the second etching solution 22 to the second
suppl y nofkieknossotmtfed™H & ¢ second conduit line 52b. Here, the

reference 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
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nuneral 52e in FIG 1 is a second return tube for returning a surplus
anount of the second etching solution 22 supplied by the second punp
52a to the first tank 5la. [0026] One or nore selected fromthe groups
consi sting of tenperature, kind, and supply flow rate of each of the
first and second etching solutions 21, 22 can be changed. Wen the
tenperatures of the first and second etching solution 21, 22 are
changed, the first etching solution 21 is adjusted to a predeternlned
tenperatdp826f pr ef eleasipafgerheprapgeral a®adimgdCs florecprefisrabl y
in the range of 15 to 30C by the first tenperature controller and the
second ePEﬂ hg esB¥%ﬁ?Qﬁ1%ﬂ?ﬁQ¥%%% Hé%édb?od%ﬁ%ﬁﬁﬁéiéﬁhﬂﬁéé defpétature

| ower than _that _of the first sQlutjon 21, preferably in the
range of "8t %o rapere %%?éxbt§$éﬁ§% ggﬂ 85%“%%%be of 5 to 20C. Here,

t he reas why t et ratu of the first etchl ution 21 is
linited ?B ?Eg ranggxofﬁgﬁl 82@ T st t Hat® eSS RAR9 ?%C "Fedts to a
decr easee't@h@ﬁﬁdé'ﬁﬁéﬁlé&ys a% ta?g% elichkng §2f&r An Wi HRALL Ot nt he
waf er surface lowers and nore than 40C |l eads to difficulty in

mai nt enareembér} hen dagi &e Oftnirf e skl-at Ressi piscdharatescasi kg of the
etching solution decreases. The reason of why the tenperature of the
et chi ng soluotedna2@ rstaimid édbriinohfiellgngdhef wafeo 8BGckslthat | ess
than OC | eads to coagul ation of the etching solution and nore than 30
C | eads tcompriaefi i ehtk el tasgedgnber of 3 shafeidre s alliamediekf er ence

of the etching rates with the first etchlng solution. first and
second ety EBPﬁtF%ﬁtzﬁf D Wafekahdedndt A F4FiRT @difi A§ <8I uti on

21 used i e_prefer hav Aan etc g, rate of .2 t0 sec,
nor e preﬁéﬁﬁglygoaﬁl g 2%% §666rgﬁ§ O 6h etc’(‘:Jt%’lnhml

sol uti on 132 Lfa@ﬂeaslﬁn@n@ae@z{&ra%fetta@ Bgsé%mllﬁraﬁd@&tfeneeal st
etching solution, preferably 0.01 t n sec, nore preferably to
0.3 pm sag. tHer eerthear e@ﬁﬁb@ﬂoﬂ/\ﬁﬁy%@eh@l@fnqﬁgaﬂ@tQ6ot:otnb@wgég st
etching solution 21 is limted in the range of 0.2 to 3 m/sec is
that | essHehami@l2ppntsk6al eads fter-areceduchgopatih Producting ty and
more than 3 pmleads to a difficulty in control of the shape of wafer
because dﬁrw@lﬁga@B§€Fchh¥%htkﬁt#ﬂi%ﬂﬂ@éﬂés§06me%t%#ﬁhufhﬁ;%%lﬁétter
of practice. The reason of why the etchlng rate of second et ching
sol uti on E2Y 4 %Bj APt FANTRR: 9%uﬁﬂ§ &FOQ 0FUt o4 p i Y%%hat | ess

than 0.0 c lea to. b tua Ll nga cessi
et chi ng éﬁgﬂygﬁfroﬁlgﬁrou ?eQUﬁ% g an nnre%ﬁ%%dlu1 hsecei%tr(l s to
i nsufficignt.@f %%qhﬁﬁee§§y§el §fs arf deglease rhBndi il e encs ofaddeo

etching rates with t Irst et ng sol ution. The above first

et chi ng soldittio@n o2l tABYhBEIONE e NG anwehghteral¢ol (Yinctiinghts) of
fluorinated acid (HF) : nitric acid (HNG3) : phosphate (H3PO4) :

wat er (HZur=al(i%yt o f26pmuufbcsoimd)hales30 tloe40) hayemaiamemnd rest )
after mxing wth an aqueous acid solution. The second etchin

sol ut i on Qe ded iogewhali hige auxvmlgmndr @’tfl sheofhbyowah gt )e ofoc
fluorinated acid (HF)nitric acid epos phat e, (H3PO4) wat er
(H20) = 35! 3 @PPgFite( géO%%dzs@) V(fsﬁ?% £0FOMMRR hER hifed We%%)

[0028]Furt£frr 1atéw%%@wggg gyggng gﬁé”%ﬂ?%ﬂ%hoko?gcy6c in the
radial direction of the wafer-receiving part 16b; a
plurality of ring grooves l6e concentrically formed in the
front surface of the wafer-receiving part 16b; and a
plurality of small pores 16f allowing the communicating

holes 164 and the ring grooves l6e to communicate with each
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of the first and second etching solutions 21, 22 is changed, the
supply flow rate of the first etching solution 21 is adjusted to
preferably 1 to 10 1/mn, nore preferably 2 to 5 1/mn. The supply
flowrate of the second etching solution 22 is adjusted to one
smal ler than the supply flowrate, and preferably 0.1 to 5 1/ mn,
nore preferably 0.5 to 3 1/mn. Here, the reason of why the supply
flowrate of the first etching solution 21 is limted wthin the
range of °Fhes- 10" VAWM LUWpat{npEsshewah i1s warineateddsndo bei ng

obstructive to.th rogress, of etching and nore than 1Q 1/ m_n | eads
to a decF@é{@BHFﬁagFge‘ﬁ‘?&Potlb? aﬁﬂtt@g‘steg‘db@éaﬁg% T P Geifentt Cof

faciliti ) h f h | fl f. th d

boching adeutPERtStPEart FE v et SR e S o g 2o e i s

t hat | i t f t . d
a es%otn%ﬁuge% 211!31 %&ﬁ@a&%%ggaf%rflﬁﬁn F% &Hﬁgf%{]lg@agpgéq the secon

et ching sol uti"on nore t eads iquid
condi ti onmMecauseioindnpiREreASe irRehl GMh&h I tHEJRARRCQump is

[ 0029] Further, the single wafer etching apparatus 10 has a detecting
devi ce 3%diorendebestkagthe r egue argddsesiref ofhehsutfiasegiofhdle 1vwaf er

11, by a laser reflection schene utilizing |aser reflection at the
surface cofeadtdvgaf dheliedThevelerrraiurg davicbe BDraagh et ddtd on

out put connected to a control input of the control device 35, and the
control ceMids Sbenzser EBRERET DUt "edRiedt e8OtRS t FESARSA wR R0t or
(not shown) of the spinning device 17, to the fjrst unp 51c and
first flowsoRiesr reaFvELE dp%¥ttﬂg’éFbﬁFﬁ@lEO%bFi%ﬁfgﬁhﬁﬁying devi ce

51, to the second.,punp c_ and .second fLow. t val d of the
second et 95%%?%55&3??onPéLﬁéﬁ%%ﬁﬁf’dégﬁcggg%?8€o§fﬂﬂgﬁwﬁnggznntor 41a
of the f'éééhi@gzza&)ga@a%hgglé%ﬁ@rﬂs]es andtint Rg gbepes ngy nedor 42a
of the second nozzle-noving device 42. Thé control device 35 is
confi gur eghihased tor Wa€edel eChiOmdOuiRUtvesfrithe deiectheaged®vicea 39,
to control the rotational speed of the driving notor of the spinning
devi ce 17hotimmdinl $ébhieng Tlhe switratingndkvipeel’ ofonihiel sgsf dhell; to
control the first punp 51c and first flow control valve 51d of the
et chi ng svidinsn aippllyirng devVerd oD 9 SBEYRY HORPr SRt il
second fl ow control valve_52d of the second gtgging sol

I

t.ian

suppl yi ngtevitet 8 ai&r dby det eriGattg 98ah A Eﬁ%uégﬁzﬁnqétching
solutions_fromthe fir a n A I , -} to
cont rol tﬂ%ﬁ?%ﬁ%é%ﬁ%%&t%%e4 glgﬁgﬁh%xf%ggétﬁggéﬁégﬁgg%ng§§%5igg 41 and
the st eppEQSaMcProrflzc%ethoFﬂa?m%eSQBQ 10z7Zd esdmpuRgd wderi ere4Ro1d4ef eby
setting the states and positions of the first and second supply
nozzl es 33xid216respeeckhuel yel Conct eiel e toafegnted! tiheviwe 85 Hms a
cal cul ation device 36 such as a CPU, and a plurality of nenories 37,
38, -. Thérprimalndiomofrotermesi ébe3old8g -asitsor ehehepéien, 18t Speast
the surface shape of the wafer 11 before processing,, the,gositions of
the firstwahd seedmildapshlagisorpids Bhe Bose pwalgipdft £Sordt hexed
etching solutions discharged fromthe first and second supply nozzl es
31, 32, tHetBPehetPStHt® of the surface of the wafer 11 during the
processin ef erence f e.yaf er. tgr jtheppLoCessi ng,

gP)?QdI' % a %Q@Logévgg s%@ﬂ? J.1ril‘1FI"i‘3]c g agla 7

respectiv he calculation I ce I's configured to conduct
cal cul ati gng hased 9n s MpiRy, Wkl 8¢e shapes dOAZ R Pesicticonsd and

the like Stored in the nenories 37, 38,thereby obtaining novenents of
the nozzl gppddit82to the front surface of the wafer 11 at different
positions in the radial direction of 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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and the discharging states of the etching solutions. Further, the
menories 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 possible for the nenories 37, 38,to 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
of one wafer (11 every predeterm ned nunber of wafers 11, which data

i s repreSERPatPVel yIHet e e By tve UdéPBcE nP deve e™®r 6F thestore
dat a of surface.shape. of. a predeterm ned wafer 11 every ingot

Whi ch datioTS PUBTasent at 1ValT et dat 88059 T Heo bt iy aats ce 3o;
or, it i SS| : S 1 r. e fer
11 Noreotar, SHRTHET bt e e o0 Byt bl | e Bergpaert

i ndependest +deVvicegnt OfuFBASUId NG SHFERCE: ShapR Qf sapyalehq .y dhout
pl aci ng the detecting device in the single wafer etching apparatus
10. [003QJiThe2nmethogle f Did&setddig itheowatier rddpast Nge Thesindglecwaf er
etching apparatus 10 as constructed above will be described. [0031] At
first, imovhegstiavecéhatlt W2 whifsgroskll sspanpuaied Giet Hershuck 12, a
vacuum punp, which is connected to and conmunicated with the bottom
end of tWezzReolgHingl @evbee ofl &£ HolngivagIassenbl s 6sunr vagrodated t o
make the pressures of the through hole 16c, copmunicating hole 16d,

6C
snmal | hol*d FEFPTARESt i gt YrdoX OI6E AégdatPok, antc the BrGst ithe
pressures..then keep the f 11 in a_horizgntal, positiqn..In this
state, tﬁgrhﬁi§F88 Hot of o?e§%é“§6?ﬁhﬁﬁ§a e@%%%c? O%bt%a@%&'fgggwlow

the wafery 11 cto%xﬁﬁgﬁ]gi E’ozli'ﬁé%%‘tt%g) P38 1,098t hex; wi 5? {ihe r%(%laqu_ng

assenbly 16 and t ase ne 13. Alternatively, only the hol ding
axis 21 mRytceiPidna;wWahbieat hendps esdmbaent8ri 8180tcal howethd anepi n and
fi xed. Subsequently, the rotary notor 4la of the first nozzl e-noving
devi ce 4lfiand tshepdvveppknbendt orn 426 obf at Hemskeondr eozizha: nown g
device 42 are respectively driven so as to nove the first su Ely
nozzl e 3lsauewedpbyi th@nbﬁihtsﬁm%v@q Hé drseRdr g@bﬁ’éﬁi%@nglg £o face
to the center of the front surface of the wafer and sp as to turn the

second suifptly SE2¥1 41825Por ATPLRIRY I A dal PEWEC t Akt It HErGe

oRet 9 e bk PP REPL DSRS0k Y 46815 N
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
position (i.e., a position represented by a two-dot chain
line in FIG. 2) where a fist discharge opening 3la does not
face to the front surface of the wafer 11 and a first
liquid supplying position (i.e., a position represented by
a solid line) where the first discharge opening 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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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 second di scharge 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 of the front
surface of the wafer 11 gradually noves toward the edge portion of

t he waf eFCRELler 8tk %ﬁé“‘b‘é‘?fr%é—’ﬂy %}ﬁ Paeef ppAtoBUfaceasing lserwafer 11

while etchin rocessin i hed gayer on the front surface of the
wal er . TRECORL FP1 QGAI LT GHEe \Ah Ae SpF RAPREFSOVEENE 0t e v or
11 k h t h 2 th
wat er ii#ﬁ?&sﬁ?gélﬁ%é'%ﬁdﬂi%% S PO SR Rt o Re

waf er 111arfoghbo‘ﬁﬁg pg?g sehar %gghgpﬁ%g:lta{ed%e% nhhg%lgg%gbﬁéz%l e

[ 0032] Here, when the Tirst etching so on supplied

supply nozzlie tentheusedt&xatofit herf beet 13HEE agerfert he Mwafel is set
to a tenperature higher than the tenperature of the second etching
sol uti on ssuappkitednf posi t hen sec.and supplsy thoz zt €ptasditeperi phewy- of
the front surface of the wafer, the etching rate of the wafer with
the firstdodt chieag séhetlonfihicrdasdersi Gher sehard tdies Gtastieng rat e of
t he second etching solution. As a result, the excessive etchln%

the peri p&myngr 3 gﬁedﬂ%¥e?oﬁlf%%%‘%bt@@nﬁéﬁgétéﬂr%ﬁﬁﬁﬂﬁ%*ﬂﬁ?@@ fi can
be effect..vel prOV|deg ﬁﬂ ng$ fl at ness .gn adg i on, 1t
first etgﬁlﬁ& S8l GEFSRYsupPrt HﬁﬁﬁlPﬁépPF9 t%uppl nd&f? t&ophe
center of the frent ﬁgggag&‘lp& {1 Rkel ol £18NsELGH Ny Sl diideon

havi ng alhlgher et chi rate than that 0 e second et ng sol ution
suppl i ed dgQmrighe 29e¢aRds SEPPEYe NRzZigh e r? to'@etﬁ)@r Fpher Vsof rddee ofer ont
surface of the wafer, the etching rate the wafer with the first

et chi ng sdlditWwa@r 31h| gher té hae tdwecceid hiong Leahev biig tdevied er2 . wi t h

t he second etching solution. As a result, the excessive etching of

t he peri pfesrey dhet berdwahery 14f clre b aadnmpendacedofinthe heaigif érl.can be
effectively provided with high flatness. Furthernore, when_ the supply

f1 ow rat RS H&ef iSSPt éh?‘ﬁ@a’é%ef (RGHSUPRRI &8 P?%H’c%e‘? |°r“stt
supply nozzl e the cente the front surface o IS

hi gher tHﬁ%(Fﬁ£%§ﬁﬁﬁﬁySPPB&V}%?eP%ﬁIRH%Isé@oﬁdgét%ﬂlébsg% J%lon
supplied d pPRhY z t e h fe s ont
surface 8%hgﬁ% mgf %%gggeggtghl%ggié%g)o 2tﬁgo§a 2? g%%%@%ﬁi ?irst
etching sl on iRRCHaSea GBI ghEFed NANME telkCBUREr T At 8mdfet her Waf er
with the second etching solution. As a result, the excessive etching
of the pethpherserofiit he wafer 11 is conpensated and the wafer can be
effectively provided with high flatness. [0033] Note that although the

enbodi nent00Rs] been 8rprkarhed dorima toi thigti 6n tbe FEpal rswRPah
excessive etching of a periphery of a wafer 11 which becopes

problenat?%Zﬁbbﬁ”eﬂéhﬁﬁ@nﬁﬁtﬁds fghle EPPIn $EFALEON: RBPBF 858ht
t t te t f h f
after ofTEPT o bR e ot éﬁgﬁac%cﬁoa%ts% Shecar T Srr e ng

process ipcluding é arps%' g %%g%e Jg 15 Y t‘&%‘ tanminoa frdial
di rection 5? % er an& ss vari ation, undul ati ons,
and the | ke, € ddhereQne b:Efle§ @DOU% OnEORGHST £ S CbAghE0 as to

repair then1 Nanely, 1t is possible to effectively attain high
flatness efipgl Wai®srz 1l 320\ sprcevineysky bteas Wdduhda esuhfiage sshapeonf

the wafer 11 before etching, and by
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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adjusting one or nore conditions selected fromthe group consisting
of ténperatures, kinds, and supply flow rates of etching solutions to
be supplied from The etching solution supply nozzl es, dependi ng on
the surface shape of the wafer, so as to conpensate for a difference
bet ween the neasured surface shape and an intended surface shape of
the wafer 11 after etching. Furthernore, although the above

enbodi ment has been described for a situati on where the nunber of
suppl y nGFANé89i §oLwbion helkipping Kier2kes Shmyoper tdfea Flawt terk
nore, in nunher. EXAVMPLES [0034] Next, Exanples of the present

vent i o M EPCbECRESEITHEH T i s CHEPANE FLRCIRt Glende g ot
COnparatk%%.EégﬁEheé %9@35%§E§ﬁﬁgk% %ﬁe firstA§a§poy£5|€5IgoG%éc% and
2, a wafer o tai ned by sl i'cihga silicon Single crystal 1ngot was
subj ect ed ¢ g ghapfahh 08 804, MEChaN ¢alse9EhAdL BRI 3PP 19)gupa f hat
there was al so prepared a silicon wafer 11 of 300 nmin éianeter of
whi ch frop-arRd3back surfacssuyere: flat tepedyihy asditin & dHihgt
etching solution 21 was prepared by m xi ng an aqueous hydrofl uoric
aci d sol Wdlantiah aiwerght ticonterdt atandn 5ok hOUnted @guecustinisttric
acid solution at a weight concentration of 70% and an aqueous
phosphoricratiid dohat Pbn Be Bhewdigt coppdnt nacktbd df, 88% ian A g6l une
ratio of 4 : 7.4 then reserved in a first tank 5la heated at

6 d
30C, On tHO bIREE TRANHS | 58 SeLd it otahii6 1861 G1F oRBl Wedl it dpdod by
1 Xi 50% b i.gh trati . of f i id
S0l t 1 on,© 709Dy MagRECBoEent 'Rt 16h 20 t4n "AquEbLEE nT ¥r o gz e
sol uti on, ; and Oc%db%n%ghmg@cs@aﬁe 91 Qf 529.61?4%3%&@0%@@@“ c
% | 4 .E’. and t

acid solutionina volune ratio o en reserved in a

second tafnk; 528 J1eatiedqatyi 2AC Hnder sl reengiet keRsroti daf glodl was

nounted on a chuck 12 such that the front surface of the wafer 11 was
faced upwerdlly). tBulsegueaphyletbe v@iterclllnyashbotezpatatlye rof at ed.
After that, the first discharge opening 3la of a first supply nozzle
31 was t heme risicigr esahédgbepheehon Bl inmithe tabd Ahef r diAne badiec
point (O , Which was the center_of the fraont surface of the wafer
11, or thecEeiREre oumeselnatgr 111Gt b Velfoditty tof e BB ImFSReT, f3hi | e
t he second di scharge openi ng 32a_of econd supply.nozzl

t hen reciﬁ?U@ﬁFﬁHl%bf“%@ﬁu§0aWﬂP?g %ghiﬁ?rééﬁ%} 8@5%&“80?%?“%€F¥§§?

whi ch was eri f. the n q?% of;  therwakeei111l, Qr the
peripherysgﬁg%ﬁggﬁgpgﬁ%i%}rgg EL@§|%%?$§IO 40l§%?sec. Under such

condi ti ongynt hgsf | rSle @ltinRgesehubl 05 Rl was ssippnkiad feomréhs2 fir st
supply nozzle 31 onto the center of the front surface of the wafer 11

at a flowceabei®ds 4 HYavond whnkesphefseconskstichi ngesekubndn 22 was
supplied fromthe second supply nozzle 32 onto the periphery of the
front surtaceind sdlertviafrer22112a Bpcordt ¢¢hdigl k@ﬁtéZQeﬁ@Faﬁééoﬁyn%he
hori zont al spinnig%]of the wafer 11, the first etchin solu%hog 21
was sprea@heubeEeRin ke ceiit é° 6PNPRECT FnEnd communicate Wi he

base end of the second supply nozzle 32, a second pump 52C
for supplying the second etching solution 22 from the
second tank 52a mounted on the second conduit line 52b 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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surface of the wafer 11 to the edge thereof, while the second etching
sol ut'ion 22 was spread out fromthe periphery of the front surface of
the wafer 11 to the side end thereof, thereby etching a

processi ng-strai ned | ayer caused by the planarization processing of
the wafer 11. Therefore, the etched wafer was provided for Exanple 1.
[ 0036] <Exampl e 2> Et ching of wafer was carried out by the sane
way as that of Exanple 1, except that a second etching solution used
was an et'&fithglsoffit 1Bnf Hf eparied sy erPRANGS Baragiieer £ ay dedtiradnic
acid solution at a weight concentrati.on o%.SO@b n aqueous nitric
acid solﬁtﬁSﬁngsaaﬂ%? Et°§6g5%ﬁFF§Fpoﬁt8 l%@@ﬁogﬂﬁl Zq bR ted

phosphoﬂq; %%gqséeéﬁgiﬁﬁgﬁt%ﬂiW§jQQ% %QE%QnE%gﬁigp of 85% at a vol une

rati o of ept at” a tenperature of* 30C. Therefore,

the et chegosfier wasops oy dedd k. 1Bxann! erdn ir@@@doﬁ@gat%gggiggéﬁ%l .

1
Et ching of wafer was carried our by the sane way as tha
1, exceptoft hakpbhetsespnel d Chimy 3@l ehowasa salppt iadH Fmchhe

second supply nozzle onto the periphery of the front surface of the
waf er at fdrfdtowndatecofd 3etidiminmg sHertebase2l1i he2 etahetk wafaeigedas
provi ded for Exanple 3. [0038] <Exanple 4> Et chi ng of wafer was
carried dUterbyhehéennfatwayeasof Hate i rExappfesdacork clpthitigat a
second etching solution used was an etching sol ution prepared bX
m Xxi ng aWQ%ﬂﬁéﬁﬁszl' 22 are changed, the fi¥st etching solution 2
is adjusted to a predetermined temperature of preferably in
the range of 15 to 40°C, more 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 is 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 solution decreases. The
reason of why the temperature of the etching solution 22 1is
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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hydrof luoric acid solution at a wei ght concentration of 50% an
agueous 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 : B: 6, Therefore, the etched wafer was provided
for Exanple 4. [0039] <Exanpl e 5> Et ching of wafer was carried
out by the sanme way as that of Exanple 1, except that a second

et chi ng sal gi on used was an etching solution prepared by m xi ng an
aqueous Hf)&g 1 uori FHCTEITEESr i YRRt ©aChe? GHE S dridet Pgitéﬁ of 50%
an aqueo itric acid solutiqn at .a,weig concentration of 70% and
an aqueo&ér%ﬁog%ﬁo?lego%?:i%Itcshollnlﬂ iSSr Ut ©8 \%I gﬁ tordsitdsti 6Reof  85%
at a vol rat.h e 119 d n.ke .e _of 30C.
Subseque;f'?llar?,t %Iﬁghgégoﬁ%llg%lcﬁ ﬁj& sutosltégit ﬁgng&gzﬁgﬁ%% e ﬁag;ﬁ%tghén
second supRihyngozzte ont®. 1 he penimyRery fbréherd fonipsprd .acecoff the
wafer at a flowrate of 3 1/mn. Therefore, the etched wafer was
provi ded ifgrseExanpBecs. afH0d)] docanmal et6hring solutdehidm wlednaker was
carried out by the sane way as that of Exanple 1, except that the

t enper at wre dfavithg secendhmtchigiyp soladtleonthas keptf atst3GCcandat he
second etching solution was supplied fromthe second supply nozzle to
the peri p??éﬁ}ll@fwtﬁée\f%ﬁ?l%u@fﬁﬁcé%fl HPAESRET ePoBe RreTORHat @-6f 3
1/mn. Therefare, the etched fer was_provided.for Exanple 6.
0041 <manpi-g 7a/52E . U s EapSiaPar il Yl la el T Fab ne
same vay 45, (1Al L FKAB! & fue RXLONA 1UNalnd, SECAN RS A ¢! uti on

used was an etching so on prepared by m xing an aqueou

hydrof | uay i wgcizdyg0l/Ybiods atn i el ghtrneeneent parien odadP%o an
aqueous nitric acid solution at a weight concentration of 70% and an
aqueous phasfident iacbdoaat ti oty adnd meleghhagoRcent T@ddOtOfa 85% at
a volune ratio of 3 : 8: 6. Subsequently, the second etching solution
was suppldietf foudryt he secbndl suppihe miepriee odnvaliehebperiphery of the
front surface of the wafer at a flowrate of 3 1/mn. Therefore, the
resul ti nPWEFRrRFESUSESTEJRE Flor IBQEHASS PL etching as a matter of

practice. The reason of why the etching rate of the second
etching soluticn 22 is limited in the range of 0.0l to 1
pm/sec is that less than 0.0l um/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

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

weight) of fluorinated acid (HF) : nitric acid (HNOs)
phosphate (H3PO;) : 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 (HNQ;) : phosphate (H3POq) : water (H0)
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[ 0042] <Conpar ati ve Exanple 1> Et ching 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 sol utions, kinds (the percentages of the aqueous

fl uori nated acid (HF) solution in the mxtures) (% by weight), and
flow rates of the first and second etching solutions of

Exanpl es 1 & 573‘:3né'iotorrpéﬂ2 St Fv e Bxanmt3¥ I°a§OHeSCF¢%’d1%}"ov@fee§rté

listed 1 he diff bet f t d d
elt ihiengI QhodaZ?Jl gns. " F‘éﬁé ‘%erlranIer %%g%hﬁteéﬁmgﬁ ecm :r%eQ?? E?ag |Ozg

Solutionyf the first and second etching solutions 21, 22 is changed,
the supply flow rate of the first etching solution 21 is
adjusted to preferably 1 to 10 1/min, more preferably 2 to
5 1/min. The supply flow rate of the second etching
solution 22 is adjusted to one smaller than the supply flow
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
flow rate of the second etching solution 22 is limited
within the range of 0.1 to 5 1/min is that less than 0.1
1/min leads to offset of the effects of the second etching
solution 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 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

motor (not shown) of the spinning device 17, to the first
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D fferences betweenlst and2nd Etching solution Tenp. (C HE conc.
(Wwt.% Supply flowrate (1/mn) Tenp. (O

pump 5lc and first flow control valve 51d of the etching
solution supplying device 51, to the second pump 52c and
second flow control valve 52d of the second etching
solution supplying device 52, to the rotary motor 4la of
the first nozzle-moving device 41, and to the stepping
motor 42a of the second nozzle-moving device 42. The
control device 35 is configured, based on the detection
output 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 control the first pump 5lc and first flow
control valve 51d of the etching sclution supplying device
51 and the second pump 52¢ and second flow control wvalve
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 motor 42a of the second 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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HF conc. (Wt% Supply flowrate (1/mn) Exanple 1 30 9 4 20

the surface of the wafer 11 during the processing, a
reference shape of the wafer 11 after the processing,
respectively. The calculation device 36 is configured to
conduct calculations based on the wafer surface shape,
nozzle positions, and the like stored in the memories 37,
38, -, thereby obtaining movements of the nozzles 31, 32
and the discharging states of the etching solutions.
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 possible for the
memories 37, 38, : to 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
of 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 is
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 in
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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9 4 Tenperatures Exanple 2 30 9 4 30 7

mounted on the chuck 12, a vacuum pump, which is connected
to and communicated with the bottom end of the through hole
loc of a holding assembly 16, is actuated to make the
pressures of the through hole 16c, communicating hole 16d,
small hole 16f, and ring groove 1l6e negative, and the
negative pressures then keep the wafer 11 in a horizontal
position. In this state, the driving motor 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
so as to move the first supply nozzle 31 to a position that
allows the discharge 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 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, 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 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 of the front
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4 Concentrations Exanple 3 30 9 4 30 9 3

surface of the wafer 11 gradually moves toward the edge
portion of the wafer 11 from the periphery of the front
surface of the wafer 11 while etching a processing-strained
layer on the front surface of the wafer. The centrifugal
force with the spinning movement of the wafer 11 makes most
of the first and second etching solutions 21, 22 on the
wafer 11 into droplets and scatters these droplets outside
of the wafer 11, followed by discharging them outside of
the chamber.

(00321 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 front
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 solution. As a result,
the excessive etching of the periphery of 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 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 from 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 is higher than the etching rate of the wafer with
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the second etching solution. As a result, the excessive
etching of the periphery of the wafer 11 can be compensated
and the wafer can be effectively provided with high
flatness. Furthermore, when 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 the supply flow rate of the second etching
solution supplied from 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 although 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 nczzle, the
present invention is not limited thereto. Since a surface
shape of a wafer after slicing or of a wafer subjected to a
mechanical flattening process including lapping after
slicing, is not uniform in a radial direction of the wafer
and has a thickness variation, undulations, and the like
caused thereon, it is enough to conduct etching so as to
repair them. Namely, it is possible to effectively attain
high flatness of a wafer 11, by previously measuring a

surface shape of the wafer 11 before etching, and by
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adjusting one or more conditions selected from the group
consisting of temperatures, kinds, and supply flow rates of
etching solutions to be supplied from the etching solution
supply nozzles, depending on the surface shape of the wafer,
so as to compensate for a difference between the measured
surface shape and an intended surface shape of the wafer 11
after 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
[0034] Next, Examples of the present invention 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 aqueous phosphoric acid
solution at a weight concentration of 85% in a volume ratio

of 4 : 7.4 : 6 and then reserved in a first tank 3la heated
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6 30 9 4 20 9 3 Tenperatures , Fl ow rates Exanpl e

at 30°C. On the other hand, a second etching solution 22
was prepared by mixing 50% by weight concentration of an
aqueous fluorine acid solution, 70% by weight concentration
of an aqueous nitric acid solution, and 80% by weight
concentration of an aqueous phosphoric acid solution in a
volume ratio of 4 : 7.4 : 6 and then reserved in a second
tank 52a heated at 20°C. Under such conditions, a wafer 11
was mounted on 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, or 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 1l/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

solution 21 was spread out from the center of the front
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surface of the wafer 11 to the edge thereof, while the
second etching solution 22 was spread out from the
periphery of the front surface of the wafer 11 to the side
end thereof, thereby etching a processing-strained layer
caused by the planarization processing of the wafer 11.
Therefore, the etched wafer was provided for Example 1.
[0036] <Example 2>

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
hydrofluoric acid solution at a weight concentration of 50%,
an agueous 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 Example 2.
[0037] <Example 3>

Etching of wafer was carried out by the same way as
that of Example 1, except that 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 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 solution prepared by mixing an aqueous
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Exanple 1 30 9 4 30 9 4 Nothing [0045]<Conparative Test and
Eval vuati on>

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 volume ratio of 3 : 8: 6.
Therefore, the etched wafer was provided for Example 4.
[0039] <Example 5>

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
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 volume ratio of 3 : 8: 6 and then
kept at a temperature of 30°C. 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 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 6.

[0041] <Example 7>
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Thi cknesses of the respective silicon wafers, on which the single
waf er etching procedures were performed according to Exanples 1 to 7
and Conparative Exanple 1, were neasured using a fl atness-neasuring
equi pnrent (Waf ercom manufactured by Doi Precision Lapping Co.,
Ltd.), respectively. The neasuring results in Exanple 1 to 7 are
shown in FIGS. 3 to 9 and the neasuring results in Conparative
Exanple 1 are shown in FIG 10. As is evident fromFIGS. 3 to 10,
Exanpl es 1 to EtqtRINGSof3 wedeg) wanhiehr reaspraegety the saneéaces af t he
respective wafers 11 etched by supplying the first and second

et chi ng §BRbt P bk dHA ﬂheeﬁ€§ﬁécFﬁ@E 3 i Y2GCh # tSEdBAdSLPRL YD

nozzl es, were found to . he fla conpared w Comparative Exanple 1
(FIG  10JSHHi S r Bpredhity tsﬁg"%bf”r‘a%‘ée%?rﬁgw&ﬁn& ehedIByoUs
suppl yin ' : i foarmthe sj I I 9

| NDUSTR %E&%Eﬁ%?%w %@&%@]‘_‘Fﬁe%f gr"é‘?i %}%&eecp(’?‘e%ggﬁ%éa?%éntg Fon ¥an
be appligd gRudoBtN0od fOr, Blchbndtaosi 9l £ Walpri suebehRabcibe front
surface of each of wafers is etched one by one whil e being

hori zont alfl yog et ahdiech anfhdisap@dsph&k ok nBeid IsAumbhodtf ar weight ng a

single wafer, wherein a single

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 solution
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 aqueous
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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thin disk-like silicon wafer sliced froma silicon single crystal
ingot' is spun to etch a front surface of the wafer with etching

sol utions supplied thereto, conprising the steps of: di sposi ng
a plurality of etching solution supply nozzl es above and opposite to
the front surface of the wafer at different portions in the radial
direction of the wafer; and changi ng supply flow rates of
etching solutions fromthe plurality of etching solution supply
nozzl es, (0944} wherein the plurality of etching solution supply
nozzl es i %ﬂdeiQa first supply nozzle that supplies a first etching

sol uti enter of the front surface of the wafer and a second
suppl y|[nozzl e t u second etchi ng sol ution to |ti&ferences
peri phery of th g @P r?%@éjﬁP tr@nﬁa?%?l“Eh%F%EﬁQPlzedthG?Matlst
t he supply fl ow rate of the first etijching solution suppllég rom t fred
first supply ngzzle to the center off the front surface of éiﬁéier
I s hi glrer—tan LT[&-,‘“ ST J}g{yy I QY bgyl, (‘i"em lle P C oMy Eyly 1 DUI toToht
suppl i ¢d fron1th@m§eCJth§u ghgwnOZZU@c 0 the.perk ry df the front
surface¢ of the wafer.|2wdde mathod gccor di hg.d0 ,kata1l wherein the
supplyiflow ratie of the firdt(iénthmi rjg solufion i$(1/min)
Example |30 9 4 20 9 4 Temperatures
1
Example | 30 9 4 30 7 4 Concentrations
2
Example |30 9 4 30 9 3 Flow rates
3
Example | 30 9 4 20 7 4 Temperatures,
4 Concentrations
Example |30 S 4 30 7 3 Concentrations
5 , Flow rates
Example |30 9 4 20 9 3 Temperatures
6 , Flow 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 is evident
from FIGS. 3 to 10, Examples 1 to 7 (FIGS. 3 to 9), which

represent the surfaces of the respective wafers 11 etched
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adjusted to 1 to 10 1/mn, preferably 2 to 5 1/mn, and the supply
flow rate of the second etching solution is adjusted to one smaller
than the supply flowrate of the first etching solution, and 0.1 to 5
1/mn, preferably 0.5 to 3 1/mn. 3. The method according to clains 1
or 2, wherein the first etching solution has an etching rate of 0.2
to 3 msec, preferably 0.3 to 1 nisec at 30C and the second etching
sol ution has an etching rate smaller than the etching rate of the
first et ®Hi A§PBOVHRY obe Of 15k onf srserd pFetErabialB.iopst 670M3 i sec

t 30C. d t f cl l1to i
?he firsihgtEﬁFRECEbY%ffgﬁé$g§1 & anﬁtggng%I%y?%gg“eﬁgﬁf)fgpngreln

(100) = (B FB 307 L 1ty A bbby ve %ﬁﬂnder Fer ‘Rl xing.
with an aauequzeachdoso %m&rgum@et Be gggowgfgﬁ wt' on has a

wei ght ratlo (A) y wei ght) of fluorinat acid (HF : n|tr|c acid

(HNGB) - QlﬂﬁéetlﬁéBE@hing AL obH20) =t k9. Sid el Qupp1(20 to 50)

(30 to 4 remai nder after m xing with an agueous acid sol ution.
nozzle

INDUSTRIAL APPLICABILITY

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

horizontally retained and rotated.
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Claims:

1. A method for etching a single wafer, wherein a single
thin disk-like silicon wafer sliced from a silicon single
crystal ingot is spun to etch a front surface of the wafer
with etching solutions supplied thereto, comprising the
steps of:

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

changing supply flow rates of etching solutions from
the plurality of etching solution supply nozzles,

wherein the plurality of etching solution supply
nozzles includes 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, characterized in that

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 the supply flow
rate of the second etching solution supplied from the
second supply nozzle to the periphery of the front surface

of the wafer.

2. The method according to claim 1, wherein

the supply flow rate of the first etching solution is
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adjusted to 1 to 10 l/min, preferably 2 to 5 1/min, and the
supply flow rate of the second etching solution is adjusted
to one smaller than the supply flow rate of the first
etching solution, and 0.1 to 5 1/min, preferably 0.5 to 3

1/min.

3. The method according to claims 1 or 2, wherein

the first etching solution has an etching rate of 0.2
to 3 pm/sec, preferably 0.3 to 1 pm/sec at 30°C and the
second etching solution has an etching rate smaller than

the etching rate of the first etching solution, 0.01 to 1

um/sec, preferably 0.01 to 0.3 pm/sec at 30°C.

4. The method according to any one of claims 1 to 3,
wherein

the first etching solution has a weight ratio (% by
weight) of fluorinated acid (HF) : nitric acid (HNO,)
phosphate (H,PO,) : water (H,0) = (5 to 20) : (5 to 40)
(30 to 40) : remainder after mixing with an aqueous acid

solution, and the second etching solution has a weight

ratio (% by weight) of fluorinated acid (HF)} : nitric acid
(HNO,) : phosphate (H,PO, ) : water (H,0) = (0.5 to 10) : (20
to 50) : (30 to 40) : remainder after mixing with an

aqueous acid solution.
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