SPEGI FI CATION  METHOD FOR SMOOTHI NG WAFER SURFACE AND APPARATUS USED
THEREFOR TECHNI CAL FI ELD [0001] The present invention relates to:-a nethod
for snoothing a wafer surface and an apparatus used therefor. Priority is
cl ai med on Japanese Patent Application No. 2006-012188, filed January 20,
2006 and Japanese Patent Application No. 2007-002661, filed January 10,
2007, the content of which is incorporated herein by reference. BACKGROUND
ART [0002] A conventional method for manufacturing a sem conductor wafer
includes a slice process for slisé §}§§ lconductor ingot to obtain a

waf er, a | apping process for reno JﬂgF ace flaw and irregularity
caused by the slice by lapping a sliced wafer surface or a grinding process
for perform ng one-sided grinding or doubl e-sided grinding to i nprove

fl at ness, an etchlgg3 8rocess for- etching the wafer di the wafer in
acid or aM&IHORFORSNIGOTHRNG SVAFTR SURE Edﬂﬂ@f%$¥ﬁﬂﬁ fﬁﬁéfﬂﬁ BEFgRocessi ng

damage l'ayer) of the wafer surface flattened in the process, and a mrror
pol i shing process for polishing the etched wafer. [0003] However, the
foll ow ng problens occur in the processes of the conventional nmanufacturing
met hod as descri bed above. 1 t TECHNICAL FIELD

[0001]

The present invention relates to a method for smoothing a wafer surface and an apparatus
used therefor.

Priority is claimed on Japanese Patent Application No. 2006-012188, filed J anuary 20,
2006 and Japanese Patent Application No. 2007-002661, filed January 10, 2007, the content of

which is incorporated herein by reference.

BACKGROUND ART

[0002]

A conventional method for manmufacturing a semiconductor wafer includes a slice
process for slicing a semiconductor ingot to obtain a wafer, a lapping process for removing a
surface flaw and irregularity caused by the slice by lapping a sliced wafer surface or a grinding
process for performing one-sided grinding or doubie-sided grinding to improve flatness, an etching
process for etching the wafer by dipping the wafer in acid or alkali so as to remove a processing
distortion layer (or processing damage layer) of the wafer surface flattened in the process, and a
mirror polishing process for polishing the etched wafer.

[0003]

However, the following problems occur inthe processes of the conventional

manufacturing method as described above.



Surkace grinding used in the grinding or |apping process is advantageous to
inprove the flatness. However, a subsequent process should elimnate
processing distortion since the processing distortion |ayer increases.
Since an increased etching amount is required, the process is

time-consum ng and therefore productivity is low. [0004] A technique
simlar to these techniques is disclosed in Japanese Unexam ned Patent
Application, First Publication No. Hl1-135464 (Patent Docunent 1).

DI SCLOSURE OF | NVENTI ON,. PROBLEM THAT. THE | NVENTI 1S TO SOLVE [0005]
Fovever, Tt 1 s SHFRFECTHEE FoY e BN FOREIEPIEES STREERO SR B ( hout ¢ he

use of | i ng doubl e-si ded grinding,. or one-sjded grindi of the wafer.
NbreoverﬁgﬁF%igbﬁﬁﬁﬁﬁ Sﬁﬂﬁﬁpggﬁﬁ eW@ngﬁWF§§@g§Wﬁ%@nﬂﬁz waf er even
when the above-described spin etching is used. That is, a processing nethod
i s requi rEecEedisirtion layeninaiass Sine agtnaqgsadietshing prpwgigreguiredy the Brogdss Sbut i on,

or processing distortion layer distribution such that the planarity,

f | at ness, tintehdoosmnesgsand theiefone produetioty islowf ace state of the wafer just after the
slice is made at a trouble-free level in a device process serving as a
subsequent prodéXd] However, this processing nethod is not known. For
exanpl e, the processing distortion |ayer is caused due to a nechani cal

process in | appi eehnafie sighilhrislheg techhitiuek Retistidéed in BpbhésaCRxiiNed PRt be processed
Wi t hout causing this processing distortion |layer. For exanple, only parti al

Proj ect i oA}piGaR, MQPulB! QS B Rethabn FRRIHREMaNd) 9r i nding, resulting in bad
efficiency. The processing distortion |ayer may occur in the whol e area of
the wafer.

DISCLOSURE OF THE INVENTION
PROBLEM THAT THE INVENTION IS TO SOLVE

[0005]

However, it is difficult to control the surface shape of a wafer without the use of lapping,
double-sided grinding, or one-sided grinding of the wafer. Moreover, it is difficult to control the
surface shape of the wafer even when the above-described spin.etchjng isused.

That is, a processing method is required o control thickness distribution, irregularity
distribution, or processing distortion layer distribution such that the planarity, flatness, thickness
uniformity or surface state of the wafer just after the slice is made at a trouble-free level in a device
process serving as a subsequent process.

However, this processing method is not known. For example, the processing distortion
layer is cansed due to a mechanical process in lapping and grinding, but the wafer surface may not
be processed without causing this processing distortion layer.

For example, only partial projections can not be processed in lapping and grinding,
resulting in bad efficiency. The processing distortion layer may occur in the whole area of the
wafer.



2 In imersion type etching, it is inpossible to control the shape by
controlling the nmachining allowance within a wafer plane such that only the
proj ections are processed within the wafer plane, and the surface state of
the flatness or the like is worse than that of the previous |apping or
grinding process, and is very difficult to be inproved. [0006] According to
paragraph [0009] described in the specification of Patent Docunent | in
terms of the above-described spun etching, "It is difficult to unifornmy set
an etching rate_across the .whole.area by regyl.atjng,a s | y,anmount of an
etching |1 qui d AARSSRBYERLIRE 4 EmRRSLT il i i R sIRBMdR  he whol e of
one side of the fer is.etched at once b orizontal ly noving. the

i nj ect i orMmagyseelionangR ik WalRHANe gick et y BF PR PR OO al | y, as
described in paragraph [0010], the whole area of the wafer is only

uni f or n W@@f@%@@ apthe sysiees Hatptthedlaaess B theylifeiigwpree thanghat af the preYiPYher y porti on
31" and a "central portion 32". The idea of controlling the machining

al | owanc dappingtor giinginigeroossistand is vetyaliffigifitée bgiimgroved.s nei t her descri bed nor
suggested. According to paragraph [0015], "a process for renoving the
processi ng di stjo@@i]on | ayer is performed with higher precision wthout
breaking the flatness in conparison with i mersion type acid etching”. An
active attenpt Afcoidigtopepenh [0oTldegrinddan ke kpevificdtioh af PagasDodifheMk Aes s
uniformty and surface state in this spin etching is not described. [0007]

The pr eset&’rnsio@ﬂ;@%@-ﬂesbﬂ%dl?ﬁﬁ&clﬂﬁ?%is@iﬂétﬂ%lﬁﬁfoﬁﬂ?sét% firdGats hdrsigieon, and
as

obj ects of the invention are ollows. 1. By reducing the occurrence of a
processi: ; @En’ﬁ i SRGRIL N RGmerdt bk OWaR ocessi ng
a waf er v%%éoaa%a%?gé |nﬁﬁéplg%8é@g§%§gg‘%€tﬁ%rtl grallrﬁ:l ayefrﬂ,’11 tore ﬁgﬁeynt he waf er

nozzle when the whole of one side of the wafer is etched at once by horizontally moving the

injection nozzle across the whole diameter of the wafer.” Substantially, as described in paragraph
[0010], the whole area of the wafer is only uniformly etched by supplying the etching liquid from a
“periphery portion 317 and a “central portion 32”. The idea of controlling the machining
allowance distribution within the wafer plane is neither described nor suggested. According to
paragraph [0015), “a process for removing the processing distortion layer is performed with higher
precision without breaking the flatness in comparison with immersion type acid etching”. An
active attempt of improvement of the planarity, flatness, thickness uniformity and surface state in
this spin etching is not described.

[0007]

The present invention has been made in view of the forgoing situation, and objects of the
invention are as follows.

1. By reducing the occurrence of a processing distortion layer or reducing the machining
allowance processing a wafer without causing the processing distortion layer, to reduce the wafer

manufacturing cost by increasing the number of wafers to be sliced from a semiconductor ingot.



manuf acturi ng cost by increasing the nunber of wafers to be sliced froma
sem conductor ingot. 3 2. To control the machining all owance within a wafer
pl ane by applying a fluid in correspondence with a projection surface state
within the wafer plane and inprove the planarity, flatness, thickness
uniformty and surface state. MEANS FOR SCLVI NG THE PROBLEM [ 0008]
According to a wafer surface snoothing nethod of a first aspect of the
present invention, there is provided a nethod for snoothing the surface of

at | east one si of .a fer obt |ned b con t or ingot,

i ncl udi ng: applg%ﬁﬁlyo ?ﬁmﬁﬁgm%%ﬁgﬁﬁg Wngr surf ace,

t hereby reducin the prQ ctlo ) 0009 Accordin to a r surface
snoot hi ng"oﬁ'ﬁfpﬁ%%n %ﬁq ﬁ%ﬂ%@ ?@Wangg}‘@&gﬁf reis
provi ded a net hod for snoot hi ng _t he surface of at |east one side of a wafer
obt ai ned fncss. thickpgss wpilbepiyead sif@eotald. ngot , i ncl uding: applying a fluid
according to projections of the wafer surface, thereby snoothing the entire
surface of the wafer while reducing the projections of the wafer surface.

[ 0010] According to a wafer surface snmoothing nethod of a third aspect of
the present invention, t=eANSRORBSOLVING THERROBIENOor snoot hing the surface
of at | east one side of a wafer obtained by slicing a sem conductor ingot,

including: applpoesy a fluid according to irregularities of the wafer
surface, thereby snoothing the

According to a wafer surface smoothing method of a first aspect of the present invention,
there is provided a method for smoothing the surface of'at least one side of a wafer obtained by
slicing a semiconductor ingot, including:

applying a fluid according to projections of the water surface, thereby reducing the
projections.

[0009]

According to a wafer surface smoothing method of a second aspect of the present
invention, there is provided a method for smoothing the surface of at least one side of a wafer
obtained by slicing a semiconductor ingot, including:

applying a fluid according to projections of the wafer surface, thereby smoothing the
entire surface of the wafer while reducing the projections of the wafer surface.

[0010]

According to a wafer surface srﬁoothing method of a third aspect of ﬂle present invention,
there is provided a method for smoothing the surface of at least one side of a wafer obtained by
slicing a semiconductor ingot, including:

applying a fluid according to irregularities of the wafer surface, thereby smoothing the
water surface.

[0011]



waf er surface. [0011] 4 According to a wafer surface snoothing apparatus of
a fourth aspect of the present invention, there is provided an apparatus
for snmoothing the surface of at | east one side of a wafer obtained by
slicing a sem conductor ingot, including: a detection neans for detecting
projections of the wafer surface, and a supply neans for supplying a fluid
over the wafer surface according to the detection, thereby reducing the
proj ections. ADVANTAGE OF THE | NVENTI ON [0012] According to the present

invention, a wafer surface.can be snpothed b ontrolling the application
of a f 1Uid overcPREEIRS EFeRHTR SHONRES RIS o IBYD) Rt G FFLhe. surf ace.
BRI EF DESCRI PTION OF THE DRAWNGS [0013] FIG 1 is a schematic front view
showi ng aRveEleL BEmesRrovided gn appargivs fapampeqthing e puslgee of geastang sidaefegvaliing to t he
present invention. FIG 2 is graphs show ng machining allowance results

obt ai ned heinst&n gicing anemionsluctprargot. inghidigen t he nunber of wafer rotations is
600 rpm FIG 3 is graphs showi ng nmachining all owance results obtained by
changi ng nozzl e defrotiintrraans fndetectidpeprajectitxaiof the wakf @rfaceodral 4 supply neark@@ r pm
FIG 4 is graphs show ng machi ning all owance results obtai ned by changi ng
nozzle pagpliingnfliib 6ver thaevaftn Sipfate tortiag ®thd Ricalondheetysedbbf theprgjeciidss  S5A s

a plan view showi ng a novenent | ocus of a nozzle and a | ocus froma
ADVANTAGE OF THE INVENTION
[0012]
- According to the present invention, a wafer surface can be smoothed by controlling the

application of a fluid over the wafer surface according to projections of the surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a schematic front view showing an embodiment of a single wafer etching
apparatus according to the present invention.

FIG. 2 is graphs showing machining allowance results obtained by changing nozzle
position when the number of wafer rotations is 600 rpm.

FIG. 3 is graphs showing machining allowance results obtained by changing nozzle
posiﬁon when the number of wafer rotations is 100 rpm.

FIG. 4 is graphs showing machining allowance results obtained by changing nozzle
position when the number of wafer rotatidns 1s 1500 rpm.

. FIG.5Aisa plan view showing a movement locus of a nozzle and a locus from a

position of 135 mm to a position of 30 mm, from the center.

FIG. 5B is a plan view showing a movement locus of a nozzle and alocus froma

position of 30 mm to 0 mm (center), from the center.



posiktion of 135 nmto a position of 30 mm fromthe center. FIG 5B is a

‘pl an vi ew showi ng a novenent |ocus of a nozzle and a locus froma position
of 30 mMmto O nm(center), fromthe center. 5 FIG 6A is a graph show ng
waf er etching allowance distribution in the case of nozzle novenent of FIG
5A. FIG 6B is a graph show ng wafer etching allowance distribution in the
case of nozzle novenent of FIG 5B. DESCRI PTI ON OF REFERENCE NUMERALS AND
SIGNS [0014] 1: SINGLE WAFER ETCH NG APPARATUS 10: WAFER ROTATI ON MEANS

20: ETCHI NG LI SUPPL 0:, .NJECTI ON ROL NS W FER BEST
MODE FOR mmv%%dﬁawéﬁﬁwa%@%w%m%w@m@g %rbodi ment
of a snoot hi ng od and an apparatus used therefor according to the

present MAYERENESH % 24 be described with reference to the acconpanying

drawings. FIG_1 is a schematic front view show ng a_snoothi nhg apparatus

according to tHiG 6Brivegrphshewing wakepachingalpyigice disribition exherapatapzde denotes a

single wafer etching apparatus configuring the snoothing apparatus. [0016]
movement of FIG. 5B.

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0014]

1: SINGLE WAFER ETCHING APPARATUS

10: WAFER ROTATION MEANS

20: ETCHING LIQUID SUPPLY MEANS

30: INJECTION CONTROL MEANS

W: WAIER

BEST MODE FOR CARRYING OUT THE INVENTION

[0015]

Hereinafter, a first embodiment of a smoothing method and an apparatus used therefor
according to the present invention will be described with reference to the accompanying drawings.

FIG. 1 is a schematic front view showing a smoothing apparatus according to this
embodiment. In the drawing, reference numeral 1 denotes a single wafer etching apparatus
configuring the smoothing apparatus. |

[0016]

In this embodiment, the single wafer etching apparatus 1 has a stage 11 for supporting a
water W and a rotary drive source 13 connected to the stage 11 by a rotation axis 12 suchasa
motor for rotating and driving the stage 11 through the rotation axis 12 or the like, and these

configure a wafer rotation means.



In this enbodi nent, the single wafer etching apparatus 1 has a stage 11 for
supporting a wafer Wand a rotary drive source 13 connected to the stage 11
by a rotation axis 12 such as a notor for rotating and driving the stage 11
through the rotation axis 12 or the like, and these configure a wafer
rotati on neans. 6 Mreover, the single wafer etching apparatus 1 has an
etching liquid supply neans 20 for supplying an etching liquid, a nozzle 31
for injecting the etching liquid into the wafer Wby supplying the etching

liquid fromthe etchi liguid s | y nmeans, 20 .nozzl e base portjion 32 for
supporti ng the%@?ﬂ%ﬁ%fmﬁgvﬁgﬂﬁ%%@%ﬁhﬁa@ﬁaw SRRy 3 g(ﬁfor

regul ating the position and novepnent of the nozzle base porfion 32, and

t hese corﬁw@ﬂp%%e%%ﬂ@&ﬁd@ﬁw OrBeing fhe AShiAG .mwﬁhqw@eraﬁéi’w e base
portion 32, a nmechanismfor adjusting an angle of the nozzle 31 with respect
to the ripplyiag hesehippliquidsionsthe ctehinglichighsienky means 3@ puegdetgseaonien dhior posi ti on
fromthe wafer Wat a |eading end of the nozzle 31, and a nechani smfor

swi t chi ngupwetirigiiesorilodl tahemneable) andegtideportdn 3Her regeiating thy pésitguand f r om t he
nozzle 31 are provided, and these configure an injection state control neans
40. [ 001 7hoveMentexfihe hozzelbaseonigh 82, wad ese edrdiginm g napfRgositascodird agarg 30.0nt r ol
portion 50 for setting the nunber of rotations of the wafer by controlling

the nunbelhﬂ@fnofzqglﬁ&épmﬁmgt,atdi@hdrﬁshﬂbyacglfsﬁ'ﬂg%n ¢ 6f@he nbdzle 3 LEHH Bépedt®h @ supply
state of the etching liquid by controlling tﬁggletchi ng liquid spﬁpply means

20, and {Reldz88asd piitiéd 2, @ﬁ%lﬁﬁﬁh?dr%@uﬁhg&ﬁ@%ﬂ&sﬁioﬁﬁ%ﬂqﬂ%ﬁ&@é@ ling the

nozzl e position control neans 30 a the 1nfection state control neans 40.
The cont rgl s i - q : ) cessi ng
uni (PSR a8 SR Br Bl e ol B oAl P02

nuner al . denat,es waf er,surfac et.ecti on.neans .for ur i )
i rregul ar%?qgf‘%?ﬂ@%@% 1536? l?rg‘élgf:dg%nld S¢ Configiire anmje&lon S8 8trof eans
40.

[0017]

Moreover, the single wafer etching apparatus 1 has a control portion 50 for setting the
nﬁmber of rotations of the wafer by controlling the number of rotations of the rotary drive source
13, regulating a supply state of the etching liquid by controlling the etching liquid supply means 20,
and setting a state and position of the nozzle 31 by controlling the nozzle position control means 30
and the injection state control means 40. The control portion 50 has a computing portion 51 of a
central processing unit (CPU) or the like and a plurality of memories 52, 53... Reference numeral
70 denotes a wafer surface detection means for measuring irregularities of the wafer surface using
laser reflection of the wafer surface in a laser reflection method. The detection means 70 may be
served as an independent apparatus and not be installed in the single wafer etching apparatus 1, and
may measure the irregularities of the wafer surface. |

{0018]

The etching liquid supply means 20 supplies an acid etching liquid to the nozzle 31. -
Specifically, it is preferable to supply HF, HNOs, HsPQs, or the like when a silicon wafer W is

processed. Herein, HF and HNO; are used to etch the surface by silicon surface oxidization and



| aser reflection of the wafer surface in a |l aser reflection nethod. The
detection neans 70 nay be served as an independent apparatus and not be
installed in the single wafer etching apparatus 1, and nmay neasure the
irregularities of the wafer surface. [0018] The etching liquid supply neans
20 supplies an acid etching liquid to the nozzle 31. Specifically, it is
preferable to supply I'F, HNG3, H3PO4, or the Iike when a silicon wafer Wis
processed. Herein, HF and HNO3 are used to etch the surface by silicon
surface oxidi.zation and ide silicon.dissolving, an A..is,used to
cont rol CHEheplmIRRad 0 RSl <o R Rty S e SRR | qui o
suppl y ns 20 supply t acids, to the nozzl by. mi xi ng..t he aci ds at
a pr edgﬂ?wﬁ%m&@&m%%%ww ag@f)ﬁ%e e iﬁ%ﬁ!ﬂ&;@%@%ﬂ%%m y
supplying the acids to the nozzle 31 and m xing the_acids around the nozzle
31. [ 001gyedetpmangsignixivee rgipsandingay serpht theacidsby peparglysupnbang the agids tafbe 71 e base
portion 32 such that the ui de portion 33 for regulating the novenent of

t he nozzH@Zﬁdﬂéméoﬁﬁmymﬂ82%@ammﬁbvmﬂﬂhé1nozzle 31 in a radial direction of
the wafer Wthrough the rotation center of the wafer W The guide portion

33 can be confi[@aived such that the nozzle base portion 32 is novable in its
| ongitudinal direction. A position of the nozzle 31 to the wafer Wrotation
center can be SR nbyleposiidd GRrdBIERBO0kuppiristienozOBge baitinBalsuhi thediei on of the
gui de portion 33 of the nozzle base portion 32. The nozzle base portion 32

has a m%ﬂﬁﬁb&ﬁb@%’ﬁ?&@ﬂ&ﬂ%ﬁfe%ﬂv&ﬂﬂﬁbﬁﬂéﬂ&ﬂeg&éﬁ&%@lc[a@mb‘t?tﬁ;hcgﬁﬂzﬂ@?;Porti on

33. In the guide portion 3 one end is provided to pass through the

ot ol on AR GRlaceye ke WAl dfact S0 G e seoRRT Bk
movabl e i & fll LG6L QL GMREE nb DR RS Ho $PE nIRMINE i BB dGn0RaRer 33 in

A position of the nozzle 31 to the wafer W rotation center can be set by position movement in the

longitudinat direction of the guide portion 33 of the nozzle base portion 32. The nozzle base
portion 32 has a mechanism movable in its longitudinal direction to the guide portion 33.

In the guide portion 33, one end is provided to pass through the rotation center of the
wafer W and the other end is supported to be rotatable in a horizontal direction. The nozzle 31 can
be configured to be movable in a direction toward the wafer W by moving the guide member 33 in
the horizontal direction.

[0020]

The injection state control means 40 is installed in the nozzle base portion 32 and has an
angle adjustment means for adjusting an angle of the nozzle 31 to the nozzle base portioﬁ 32,a
height adjustment means for adjusting a height position from the wafer W at a leading end of the
nozzle 31, and a valve disc for switching the injection and non-injection of the etching Hquid from
the nozzle 31. The supply from the etching liquid supply means 20 can be switched without
providing the valve disc.

[0021]



the-horizontal direction. [0020] The injection state control means 40 is
installed in the nozzl e base portion 32 and has an angl e adj ustnent neans
for adjusting an angle of the nozzle 31 to the nozzle base portion 32, a

hei ght adj ustnment neans for adjusting a height position fromthe wafer W at
a leading end of the nozzle 31, and avalve disc for switching the injection
and non-injection of the etching liquid from the nozzle 31. The supply from
the etching liquid supply nmeans 20 can be swi tched w thout providing the

val ve disc. [0021 The cgntrol nmeans 50.at | easi stores rface
irregularity sﬁiﬁé“%?“?ﬁﬁs kﬁﬁﬁpﬁﬁ? 8“”%%3%3 99®%3g§g®§m 0sition of
the nozzle 31 and an etchi? 'séggg %gﬁég .an amunt of injection of the

et ching. IFRSETRHERES FHOTHEIS B "eglert an FlES: SIpresan FROwY O ECURRPer W
serving as the basis after, processing with the nenories 52, 53... , and has
t he conpuhdsialingdiavid al ag eichipg stateppd storasp shiveead the avafcs Bngstrtieg a8 s bpgsaldient  and
etching liquid injection state of the nozzle 31. The nenory 52 detects the
surface greesingfwith he meafoges 3/ Bef. oansl hps be exivting prstiong 1 fdrsoniputiog thessrio means 70
and keeps the detection data. The nenory data nay be kept detecting the

surface sbtmpee tht nesatematietching liad inprionsscetthb yotzled 1 dEhantrhan SPréadartsor
detecting the surface state for each certain nunber of wafers by the

det ect i onhgWRERS staleuf hb@aRPWehelofeiraceiing usie e aétedtiotlekas 70 ngl kegmjtect i ons of
the wafer in each ingot or data which is defined for each type of wafer may

be used. dfQORAlata WIRInBnRY @EAESy BeRbptIBBGHE iR QurkREsiBbRECH WafRQS Beor med in the
single wafer etching apparatus 1 o? thi s enbodinent, irregularities on the
surface Y& ARATUAEE tiInHEkah BfictEhirfeGid Bfface state for each certain number of wafers by
the detection means. Furthermore, data may be stored detecting projections of the wafer in each
ingot or data which is defined for each type of wafer may be used.
[0022]
‘When a process for smoothing the wafer is performed in the single wafer efching
apparatus 1 of this embodiment, irregularities on the surface are measured using the detection
means 70 by dividing the surface of the same wafer W into a plurality of regions. Detection data is
input to the control means 50 for the shape of the wafer W and is stored in the memory 52.
[0023]
Next, the stage 11 supports the wafcr W and the rotary drive source 13 rotates and drives
the stage 11 in a state controlled by the control means 50.
The control means 50 controls the supply of the etching liquid having a predetermined
composition from the etching liquid supply means 20 to the nozzle 31 while the nozzle position
control means 30 and the injection state control means 40 are controlled so that the etching liquid
can be injected intto the wafer W in a state in which a state, position, and injection time of the
nozzle 31 are controlled.

[0024]



means 70 by dividing the surface of the sane wafer Winto a plurality of
-regions. Detection data is input to the control neans 50 for the shape of
the wafer Wand is stored in the nenory 52. [0023] Next, the stage 11
supports the wafer Wand the rotary drive source 13 rotates and drives the
stage 11 in a state controlled by the control neans 50. The control neans 50
controls the supply of the etching |liquid having a predeterm ned

conposition fromthe etching liquid supply means 20 to the nozzle 31 while

t he nozzl e position  contrql means 30 and th&minjection state,control nmeans

40 are cont r ol [Végnstshipg sapelisd me Regdetsgningd e the supplybthe picking kyid B ¢ he waf er

Wn a state in which a state, position, and injection tinme ofthe nozzle 31
are cont rils aching ligud supply oneapied? issteppedgpdithe ciehipe ligdd prthasusteecidthe i dd st at e,
the supply of the etching liquid from the etching liquid supply neans 20 is
st opped andeandsbyetmphyimgp friseagent soch a8 haified magrer teflike WEhengf meedody the walet eaned by
supplying a rinse agent such as purified water or the |like. Then, if needed,
t he waf erW idiévessed 2alicsade aidng ikeppliade ttethadkisidg i s applied to the backsi de.
[0025] Herein, a nmethod for controlling the machining allowance in the

waf er Wn thisfoeeppodi ment will be described in detail. [0026] The control
nmeans 50 keeps data by neasuring in advance an etching anmount in a unit

e e, . SO Ltpbu TR BB i oL s 0
varying Wifgmhel SHPE! ldtbs Rledile wafer . an

[0026]

The control means 50 keeps data by measuring in advance an etching amount in a unit
time when a predetermined flow volume of an efching liquid is discharged from the nozzle 31 and
measuring in advance data of an etching amount varying with a temperature of the wafer , an
etching liquid temperature or an etching liquid composition. Next, a flow rate and a flow volume
of the etching liquid for each region of the wafer W are set from the data of the memory 51 and the
etching amount of the wafer W measured in advance. Accordingly, the control means 50 controls
an injection state of the movement of the nozzle 31 or the like, an etching liquid viscosity and an
etching reaction condition based on machining allowance setting values within the plane of the
wafer W.

[0027]

According to single wafer etching in this embodiment, a wafer W capable of being
obtained by slicing a semiconductor ingot is rotated and an etching liquid is injected from the
nozzle 31 to the surface of the wafer W in this rotation state in a state in which basic conditions of
temperature, viscosity and composition of the etching liquid are controlled. Simultaneously, a flow

rate and a flow Volume of the etching liquid can be conirolled within the plane of the surface of the

wafer W by controlling processing parameters representing the position of the nozzle 31 and the

10



etching liquid tenperature or an etching liquid conposition. Neat, a flow
rate and a flow volune of the etching liquid for each region of the wafer W
are set fromthe data of the nmenory 51 and the etching anmount of the wafer
W neasured in advance. Accordingly, the control neans 50 controls an
injection state of the novenent of the nozzle 31 or the like, an etching
liquid viscosity and an etching reaction condition based on machi ning

al | owance setting values within the plane of the wafer W [0027] According
to single wafer etching in this enbodi pent, a wafer Wcapable of heing

obt ai ned 1P pf watRgotgtians n hesrdhse ke VifgoV %@S&%@&%@@%@ﬁowm%ﬁg l'i quid
is injected fromthe nozzle 31 to the surface of the wafer Win this

r ot at i on mepkpieg dllewancedeprejestionyinitervaby 3Y sufeemndi ti ons of tenperature,
viscosity and conposition of the etching liquid are controll ed.

Si nul t aneous! y[0028¥ l ow rate and a flow volunme of the etching liquid can be
controlled withinthe plane of the surface of the wafer Wby controlling
processi ng par dhewvekssutfepcastRiniotfed Wichopgifoirony eéchtdiel podingeudhs and the 10
nunber of wafer rotations. The surface of the wafer Wcan be snoothed by
exactly 'gﬁ%md'gﬁﬂ&néMondé&ﬁ'@tﬁbﬂﬂﬁde@iﬂl@fé@qﬁ@vehﬁqgfardéfe@ﬁkbm%ihfhet he wafer W
surface. 028] The wafer surface can be snoothed w thout perform ng

mechani c?gﬁpﬁéhﬂmgnﬁﬁn Hofes@s spéc@? %r&@éiinéﬁisﬁgioﬁ%gﬁx‘e%ﬁd Bcrslsdg g bot h

sides), thereby preventing a defect occurfing in | appi ng and gri ndi ng
processe RES folaile; [ .stortion layer and an increase in the
machi ni néﬂachlﬁi%g%/ar?ce I rﬁm@g@{r@c&%ﬁ%ggﬁ%ﬁdue thereto. [0029] Etching in this
enbodi ment usef00§9]| iquid, but a gas is available. The etching amount is

Etching in this embodiment uses a liquid, but a gas is available. The etchjﬁg amount is
determined by measuring the wafer surface shape of each wafer. Alternatively, the etching amount
can be determined for each same ingot and for each same slice process. When a characteristic of
the surface shape is defined from that of a slice machine or ingot, data of a predetermined etching
amount can be constructed and used for each wafer. In addition, data is created in various
conditions, such that the created data can be directly appropriately used and can be correcte& by
coupling characteristics of the wafer.

[0030]

Next, the etching state for an actual wafer will be described.

[0031]

FIG. 2 shows machining allowances of the whole watfCr when the nozzle position is
changed to 0 mm, 15 mm, 30 mm, 60 mm, 90 mm, 120 mm, 135 mm, and 150 mm from the
watfer center in the number of wafer rotations of 600 rpm in a 300mm silicon wafer and an etching
liquid is injécted during only 1 sec at these points.

At this time, a mixture liquid of HF ; HNO;: H3PO4 was used for the etching liquid.

[0032]
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determ ned by neasuring the wafer surface shape of each wafer.
‘Alternatively, the etching anmount can be determ ned for each sane ingot and
for each sanme slice process. Wien a characteristic of the surface shape is
defined fromthat of a slice nmachine or ingot, data of a predeterm ned
etching anount can be constructed and used for each wafer. In addition,
data is created in various conditions, such that the created data can be
directly appropriately used and can be corrected by coupling
characteristic e wafer...[ 0030 Next, t et chj state, far an act ual
Carerour Tl e udh 1A iobiad s Shteedst St FGE pio e B Shatss of s ho
whol e waf er, when the nozzle positionis changed to O nm 15 nm 30 nm 60
mm 90 miREIeDDS AMP5 nm and 150 mmfromthe wafer center in the number of
wafer rotations of 600 rpmin a 300mmsilicon wafer and an etching liquid
is injected dutl0Ay only 1 sec at these points. At this time, a nmixture
liquid of HF : HNOG3 : H3PO4 was used for the etching liquid. [0032] 11 In
FIG 3, the nokdil6. pdwinbrabapokitiorcihdmgeed aashosnawiG. B bl te m2ybebeftwafdie nunber of
wafer rotations is 100 rpm [0033] 1In FIG 4, the nozzle positionis
changed asatohowtc00mptl G 2, but the nunber of wafer rotations is 1500 rpm
[0034] Fromthese results, the machining all owance in the center increases
when the nozzl go34] is

From these results, the machining allowance in the center increases when the nozzie 31 is
in the central position of thé wafer W, but the machining allowance is not large in other positions.

It can be seen that the machining aliowance increases in the injection position of the etching liquid
as the nozzle moves to an outer side of the wafer. |

It can be seen that the machining allowance deviation measurably increases when the
number of rotations increases in a variation of the number of wafer rotations.

From these results, the machining allowance in a tegion where the nozzle 31 is located in
the vicinity of the central position of the wafer W increases more than those in other regions. As
the nozzle moves to an outer side of the water, the machining allowance of an inner side is smaller
than that of the injection position of the etching liquid. This trend is remarkable as the number of
wafer rotations increases. It can be taken into account that the centrifugal force in which the
etching liquid flows into an outer side increases when the number of rotations increases, whereas
the etching liquid does not sufficiently flow into the wafer.

[0035]

Accordingly, the machining allowance can be set in a region of a ring shape {or doughnut
shape) divided in a diameter direction of the wafer by changing the nozzle position in the wafer
diameter direction. |

[0036]
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in the central position of the wafer W but the machining all owance is not
large in other positions. It can be seen that the nachining all owance
increases in the injection position of the etching liquid as the nozzle
noves to an outer side of the wafer. It can be seen that the nachining

al | owance devi ati on nmeasurably i ncreases when the nunber of rotations
increases in a variation of the nunber of wafer rotations. Fromthese
results, the nmachining allowance in a region where the nozzle 31 is |ocated
in the vicini f_t central position of the wafer Wincreases nore than
t hose in other ﬁ%giséngiﬁsandt%ﬁ%f% @’%“F’é‘ﬂ%?nw%%ﬂaé?aogﬁ]ﬂ@mgfw?ﬂ’e waf er,
t he machi ning all owance of an inner. side is smaller _than that_of the

i nj ect i orhe&ls meyes BYthe Gase whesttherepzrle position ispTesPeetivepainsss siewaiddst 2 as the
nunber of wafer rotations increases. It can be taken into account that the
cent ri f ud3®. Goshews inretehimigahiowanee stase whintiae nordeingves fioms tosiian dh3bmmer  si de

i ncreases when the nunber of rotations increases, whereas the etching

| i qui d ddem thewafeukhtedo e pasitipn bf mmrdtom thdxenteedsahowr] IAOBL PA. At dGBdhomegd vy, t he
machi ni ng al |l owance can be set in a region of a ring shape (or doughnut
shape) diavkediflg dwanddisa®iher the hoeRkinhovss fodm & feitien bE30 iy fiohahgwirer citer nozzl e
position in the wafer dianmeter direction. [0036] 12 FIGS. 5A, 5B, 6A and
6B show 4 ghistien af( AMARSRS ab tholki®h MIGOSE. AftEB1AE, tidifovambRkpddisithe t he nozzle

noves in the case where the nozzle position is in respective points as shown

in FIG %unkﬁéﬁmnﬁéigﬁﬂﬁggﬁg?g%?%ﬁg&m | owance state when the nozzl e noves

froma position of e waf'er center to a position of 30 nmfrom
the center as s i.n Fl . _El 6 t.chi | e state
when_the nozz! Seret iR s s st BRgBR vty o Rs M BB,

nozzle position as shown in FIG. 2.

INDUSTRIAL APPLICABILITY
[0037]
According to the present invention, a wafer surface can be smoothed by controlling the

application of a fluid over the wafer surface according to projections of the surface.
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to a position of O nm(center) as shown in FIG 5B. At this tine, the
novenent speed of the nozzle is 1 mmisec with respect to the wafer center.
Accordi ngly, the machining allowance of the entire wafer can be set from
data of each nozzle position as shown in FIG 2. | NDUSTRI AL APPLI CABI LI TY

[ 0037] According to the present invention, a wafer surface can be snoot hed
by controlling the application of a fluid over the wafer surface according
to projections of the surface. 13 CLAIMS 1. A nethod for snoothing the
surface of at |east one side of a m%ggggsbtained by slicing a sem conduct or
i ngot, conprising: applying a fluid ding to projections of the wafer

surface, .thereby reducin he  projections. 2. The npthod for spoothing the
surface df at M@EO%@@&O&]@%@@S&%@%%&%@%@%@?BV%M Y C®gd conduct or
i ngot according to claiml, conprising: detecting projections of the wafer
surface A&FFEICRIBBEIgN IPEPLEOTPIFNG: according to the detection, thereby reducing
the projections. 3. The wafer surface snoothi ng nmethod according to claim2,
wher ei n the pr epying ofgd encerdng ét wojeetions o theesdn swobafe therelty redbpingiaef er sur f ace
snoot hi ng net hod according to claim2, wherein the projections are detected
for eachpmjedetser m ned nunber of wafers. 5. The wafer surface snoothing
nmet hod according to claim?2, wherein the projections are

2. The method for smoothing the surface of at least one side of a wafer obtained by slicing

a semiconductor ingot according to claim 1, comprising:

detecting projections of the wafer surface and applying a fluid according to the detection,

thereby reducing the projections.

3. The wafer surface smoothing method according to claim 2, wherein the projections are

detected for each wafer.

4, * The wafer surface smoothing method according to claim 2, wherein the projections are

detected for each predetermined number of wafers.

5. The wafer surface smoothing method according to claim 2, wherein the projections are

detected using preset projection data.

6. The watfer surface smoothing method according to claim 1, wherein the wafer is

smoothed and processed for each sheet.

7. The wafer surface smoothing method according to claim 1, wherein the application of

the fluid over the wafer surface is controlled by controlling at least one of the rotation state of the

14



detected using preset projection data 6. The wafer surface snoothi ng net hod
according to claiml, wherein the wafer is snpothed and processed for each
sheet. 7. The wafer surface snoothing nethod according to claim1, wherein
the application of the fluid over the wafer surface is controlled by
controlling at | east one of the rotation state of the 14 wafer, the
conposition of the fluid, the viscosity of the fluid, the injection state of
the fluid, the injection position of the fluid, the novenent state of the
injectio tion, .and injection ti qf, . |UI e waf er

sur face. SGH FEPRERSGE A isoTs i@"ﬁwﬁfhe Frphbe B o an aci d.
9. A nethad for snoo t he surface of at.l|east one S|de of, a.waf er

obt ai ned ™ B‘FP‘E%“H’@O’I&E B incaptent rete § IicEhaRP wgqnn@dﬂaed@?wﬁ&naff luid to
the wafer, surface, thereby snoothing the entire surface of the wafer while
reducingﬂﬁﬁkmbrojections of the surface. 10. The nethod for snoothing the
surface of at |east one side of a wafer obtained by slicing a sem conductor
i ngot; conprising: applying a f luid according to irregularities of the
waf er surface, thereby snoothing the wafer surface. if. A nethod for
snoot hi n@. t he Sie afeesudhceamobthing tnethné accbrdimg od clamiatvberem thie diudéschnlayids| i ci ng a
sem conduct or ingot according to claim 10, conprising: detecting
irregularities of the wafer surface and applying a fluid according to the
detection, thereby snoothing the wafer surface. 12. An apparatus for

smoot hi ng t he WHHEREEHAInRhilgRStrfRBer £ 148 ofd sid 0f afer SIRABedidhg S | Ci NG
“semiconductor ingot, comprising;
applying a fluid to the wafer surface, thereby smoothing the entire surface of the wafer

while reducing the projections of the surface.

10. The method for smoothing the surface of at least one side of a wafer obtained by slicing a
semiconductor ingot, comprising:

applying a fluid according to irregularities of the wafer surface, thereby smoothing the
wafer surface. .

11 "A method for smoothing the surface of at least one side of a wafer obtained by slicing a
semiconductor ingot according to claim 10, comprising;
detecting irregularities of the wafer surface and applying a fluid according to the

detection, thereby smoothing the wafer surface.
12. An apparatus for smoothing the surface of at least one side of a wafer obtained by slicing

a semiconductor ingot, comprising:

detecting projections of the water surface; and
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a sem conductor ingot, conprising: detecting projections of the wafer
surface; and 15 supplying a fluid over the wafer surface according to the
detection, thereby reducing the projections. 13. The wafer surface
snoot hi ng apparatus according to claim12, wherein the supplying apparatus
has at | east one of rotating a wafer, supplying an etching liquid, a nozzle
for injecting the etching liquid into the wafer, and controlling an
injection state of the etching liquid fromthe nozzle. 16

supplying a fluid over the wafer surface according to the detection, thereby reducing the

projections.
13. The wafer surface smoothing apparatus according to claim 12, wherein the supplying

apparatus has at least one of rotating a wafer, supplying an etching liquid, a nozzle for injecting the

etching liquid into the wafer, and controlling an injection state of the etching liquid from the nozzle.
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