SPECI FI CATI ON METHOD FOR SMOOTHI NG WAFER SURFACE AND
APPARATUS USED THEREFOR | ' ECHNI CAL FI ELD [ 0001]

The present invention relates to a nmethod for snnothlhg a v

waf er surface and an apparatus used therefor.
Priority is clainmed 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 incHBECIEACAUCNer ei n by reference.
BACKGROUND ART [ 0002] A conventional nethod for
manuf acturing a sem conductor wafer includes a slice
process for slicing a sem conductor ingot to obtain a
WaETHOREFOR SMOUT HING FesIsR SIRIMASTANID g PRAB A TTATBED [TEWRBFOR
irregularity caused by the slice by lapping a sliced
waf er surface or a girding process for performng
one-si ded grinding or double-sided grinding to inprove
fl atness, an etching prog&8dCAbIFIEIThi ng t he wafer by
di pping the wafer in acid or alkali so as to renove a
processgg] di stortion | ayer (or processing danage | ayer)
of the wafer surface flattened in the process, and a
m rror Pelpresdi ingnipnodas $ droethod G redvithing atwaéer etfedeent] avaperatus
[ 0003] However, the follow ng problens occur in
t heedpesesses of the conventional manufacturing nmethod as
descri bed above.

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 manufacturing a semiconductor wafer includes a slice
process for slicing a semiconductor ngot to obtain a water, 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 double-sided grinding o improve flatness, an ¢tching
process for etching the wafer by dipping the wafer in acid or alkali so as to remove a processing
ciistortion 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 in the processes of the conventional

manufacturing method as described above.



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

ni ne-consum ng and therefore productivity is [ow [0004]
A technique simlar to these techniques is disclosed in
Japar i Sulirexmdingesdd Rateeritdidipplappdatproess is ivasthdeols kd matoivaihe
No. HI 1-135464 (Patent Docunment 1). DI SCLOSURE OF THE

| IvENTHGMNVEIRCBbEMerTiirifvtesT $Hbuld SN pideskif di@r8@lsiee th0005]
However, it is difficult to control the surface shape of
apryassiap disbrtibrdester indveasassBin@fan Inarpgsedrtphing eadpints squiked the process is
grindi ng, or one-sided grinding of the wafer. Moreover,

i imd-@naiirfgiacithdreftroprodrtvipis ldvhe surface shape of the wafer
even when the above-described spin etching is used.

That i 40008 processing nmethod is required to contro

thi ckness distribution, irregularity distribution, or

pr oces s\ tagmidiesstnoiat tb tuase tealrdqueds digctosdol Jammesssinetamindidbtertt he
planarity, flatness, thickness uniformty or surface
sAmrtietiopfFirg Publicwih o. Hjl 151546 (Peent Dbeensittilce is nade at a
trouble-free level in a device process serving as a
subsequent process. However, this processing

nmet hod i s not known. For exanple, the processing

di stortion |ayer DESTASEE GUEBIE DNVENEGRani cal process in
| appi ng and grinding, but the wafer surface may not be
processed w tPROBLEMATEARGHEANSENTBBReSIIORPLdiEst orti on

| ayer. For exanple, only partial projections can
not be [@0dcessed in | apping and grinding, resulting in
bad efficiency. The processing distortion | ayer nmay occur
i n t he Howeter itagddhcubto dohtel thafuefnce 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 etching is used.

That is, a processing method is required to control thickness distribution, irregularity
distribution, or processing distortion layer distribution such that the planarity, flatness, thickness
uniformity or surface state of the watfer just affer 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 caused 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.



In imersion type etching, it is inpossible to control

t he shape by controlling the machining all owance within a

waf er plane such that only the projections are processed

within the wafer plane, and the surface state of the

flatness or the like is wirse than that of the previous

| appi ng or grinding process, and is very difficult to be

i mproved. [0006] Accordi ng to paragraph [0009]

descr i hethnasidninee stgeg, | is ogtossthie tofonia the stapdgycometiig the i n

ternms of the above-described spin etching, "It is

dinfdhintg hifowtaace withif @ vateyplame suclathatetlg tie pjectahearaeocossl withe the

whol e area by regulating a supply anount of an etching

| waforiptine adll ae snafheestmandf the Asteesodr thetikd injverst thapithatd 2 pevivdse n

the whole of one side of the wafer is etched at once by

hiaprirpengrating poess, ang istvhre difivpieotbe mpravek zl e acr oss t he whol e

di aneter of the wafer." Substantially, as described in

par agr dffl¥6] 0010], the whol e area of the wafer is only

uni formy etched by supplying the etching liquid froma

" per i phecydipoo pirggmapB 1000Y dekcréved mdiclspeailficaton ¢fPeent Batumeifii en

i dea of controlling the nmachining allowance dishibution

wietnfsiofitht #bevendaficgbedspia etehinigs Triediffilndtrto debionly dsbah embing rate across the

suggested. According to paragraph [0015], "a process for

r ehadrgady tedatipg osegly emgyntiif et aehing diquid @i e moveneptant ofianmptction

wi th higher precision without breaking the flatness in

conpawhadr whole hf dnerigsred the wafksipeichadat dnce b Iniringytally mnviggohe ve

attenpt of inprovenent of the planarity, flatness,

t injeconewsle sardsf bervhoe diamettes ofiticarsiéer. S Saltsantialy, et dessribgdiimparagraph

etching is not described. [0007] The present

i BOEMtheorolh arsa didhemvaferid enly mifvindyetdied byrsapryoreghsierhing liquid from a

situation, and objects of the invention are as foll ows.

1" peByreny gottiari i gardiacenieat pariicedg’e 1o ider g pangelBrgi tregnadhisit®dr t i on

| ayer or reducing the nachining all owance processing a
wrncpflisthiiton widirshenepfar hlenepy s dbuigeddiosggestd Mdearfieg o t o

reduce t he wafer manufacturing cost by increasing the

npamgeph 991 5had rreessstiey ryeovinp the pracebsngdisturtior iy ssmertremest withvigber

2. To control the nmachining allowance within a wafer

phregireonisythe preaking ghe datfidstin donimarison Fiteigpestriie iioe agid didhing”. An

projection surface state within the wafer plane and

| prpYeoiemnt hEmplogamaent of Yac plaragiy flagess, thitknesk walssnity apd sorase stafe imnd

surface state. MEANS FOR SCLVI NG THE PROBLEM [ 0008]

this spin etching is not described.

[0007]

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

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

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



According to a wafer surface snoothing nmethod of a first
aspect of the present invention, there is provided a

nmet hod for snoothing the surface of at | east one side of
a waf er obtained by slicing a sem conductor ingot,

i ncl udi ng applying a fluid according to
projections of the wafer surface, thereby reducing the
proj ections. [0009] According to a water surface

snoot higo eetdi de nathidngsdoanc vaspactafeoplateheapptyege ftid in

i nvention, there is provided a nethod for snoothing the

s unespoelent with a brejasibn sinfece statd evitah the watarf pdane aldtraproredhelplanarity,

slicing a sem conductor ingot, including: appl yi ng

aflfuhess, tlicaesonitimmgy and spia@jseet | ons of the wafer surface,

thereby snmoothing the entire surface of the wafer while

reduci ng the projections of the wafer surface. [0010]

According to a wafer surface snoothing nethod of a third

aspect of the pr &8EMNS HORAILVING, THHRRBLEM provi ded a

nmet hod for snoothing the surface of at | east one side of

a waf er[0#Bt ai ned by slicing a sem conductor ingot,

i ncl udi ng: applying a fluid according to

i rr egulAcirtingte aghfet higacnahethinpumefingd ef a i espebyf temeenhinvegtion,

the wafer surface. [0011] According to a wafer

s there e visedondtiod dor appehirgtthesutie o aflogronbsi&opesiferobtaindidy

present invention, there is provided an apparatus for

s siving hiemirondwetosogof acledind at | east one side of a wafer

obtai ned by slicing a sem conductor ingot, includin%
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 smoothjng method of a third 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 fhud according to irregularities of the wafer surface, thereby smoothing the
wafer surface.

[0011]



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
reduci ng the projections. ADVANTAGE OF THE | NVENTI ON
[0012] According to the present invention, a wafer
surface can be snoothed by controlling the application of
a fluid over the wafer surface according to projections
of the susrfiage a wakd SafacDbrtallifg Bt Obt a Fblicth REAMb N r¢se{) 1 3]
FIG 1 is a schematic front view show ng an enbodi nent of
ainSdntigH, RerdB heridel-a bppaguafpatoathing tha eeftecl Bideatt ond shie ofuvese nt

i nventi on. FIG 2 is graphs show ng nachi ni ng
abitawa begicingsuhicsndobitrangoeticiidingc hangi ng nozzl e position
when the nunber of wafer rotations is 600 rpm FI G

3 i s grapbsioshent fgdaailipicoinaditrewaiceriicesud tsuppl trairn &
by changi ng nozzl e position when the nunber of wafer
r Qipplyih@ntuid @erkOxafyp sorface accordingfd the defection, tiabp Fesucita Al pRedictions.
machi ni ng al | owance results obtai ned by changi ng nozzl e
positi on when the nunber of wafer rotations is 150C) rpm
FIG BA is a plan view showi ng a novenent |ocus of a
nozzl e and a | ocus\Fv oMM AGHPOB THEGMVERTIOBS nmto a
position of 30 mMm Romthe center.
[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
position when the number of wafer rotations is 100 rpm.

FIG. 4 is graphs showing machining allowance resuits obtained by changing nozzle
position when the number of wafer rotatidns is 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 Jocus of a nozzle arid a locus from a

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



FIG 5B is a plan view showi ng a novenent |ocus of a
nozzle and a locus froma position of 30 nrmto 0O nm

(center), fromthe center. FIG 6A is a graph
showi ng wafer etching allowance distribution in the case
of nozzle novenent of FIG 5A FIG 6B is a graph

showi ng wafer etching allowance distribution in the case
of nozzle novenent of FIG 5B. DESCRI PTI ON OF REFERENCE
NUVERAES:. ANR aStaiNGovDe Sdifr cdehinShiNGhkee WistkRodsh Gk dseot nozzle
APPARATUS 10: WAFER ROTATI ON MEANS 20: ETCHI NG LI QUI D
ShiRBhaAt MEANSA30: | NJECTI ON CONTROL MEANS W WAFER

FIG. 6B is a graph showing wafer etching allowance distribution in the case of nozzle

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: WAFER

BEST MODE FOR CARRYING OUT THE NVENI‘ION
[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

wafer W and a rotary drive source 13 cormected to the stage 11 by a rotation axis 12 such asa
motor for rotating and driving the stage 11 through the rotation axis 12 or the like, and these

configure a wafer rotation means.



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0015]
Hereinafter, a first enbodi nent of a snoothing nethod and
an apparatus used therefor according to the present
invention will be described with reference to the
acconpanyi ng draw ngs. FIG 1 is a schematic front
vi ew showi ng a snoot hi ng apparatus according to this
enbodi ment In the drawi ng, reference nunmeral 1 denotes a
si ngl e Matwtr, ted Dizicvgfcagpirabmsiie 0 hdsiagetehinpdiqhit @pglnmednk 2igr
apparatus. [0016] In this enbodi nent the single
wabgyingdnelthingligajplparoatie H fdr if@gngahcstcaine lidvdd iftothe salppP®iby i ng a
wafer Wand a rotary drive source 13 connected to the
stuagendthe dghing liquid &din theetehiigdiqii@supply ineams2(pa matlobasé @ition 32 for
rotating and driving the stage 11 through the rotation
axupporting thenoAzk 81 foibk mpvablecind g dde partiorf 13gurmegulatingatfegositiootuak | on
neans. Mor eover, the single wafer etching
appamabtosthdndadshasapoeioe b, ag theseqponftbus a ppdzlz postan sonR@ nfears 30.
supplying an etching liquid, a nozzle 31 for injecting

t heheabeztribag pbriigui2ch thathapisthHer adadieg an\ihgle sfidppbazleidy withespect to
etching liquid fromthe etching liquid supply nmeans 20, a
nbz zdzee bas@rtjpo B2, b oxchddsnf for aduggnge htight gostihefrovothz ivefer3¥ atao be
novabl e, and a guide portion 33 for regulating the
plesiitziendof dr doaze 3 & et mahantstndoryeiching the agetiqnend noomj&8@gn ofithel

t hese configure a nozzle position control nmeans 30. In .
t ¢tehingdigzd korb s BozploB I argmodRd, aad these trahgusranfirgectiadjatestritmigneans
angl e of the nozzle 31 with respect to the nozzle base
péktion 32, a nechanismfor adjusting a height position
fromthe wafer Wat a |eading end of the nozzle 31, and a
mechani[8h7f or switching the injection and non-injection
of the etching liquid fromthe nozzle 31 are provided,
and t hedeeworths sngeavadnetéhijgaptaiaon 1 stsarentolgottipo§0 fmsettieg 140 .

[ 0017] Mor eover, the single vrafer etching
appaeatt wgatidnséibe wafe by contdllingohetninmber 60rotigns efdtetrdtargdrivia gource
nunber of rotations of the wafer by controlling the
nifatyeulatiog a supplastitorf$reetchinglisiddy eangrolbing theestehipgiliques saPly means 20,
regul ating a supply state of the etching liquid by
contsetipizhistag atdpesisn ofthawpzdld iy dorsraling the nvedaposid@y cozprebimeans 30
setting a state and position of the nozzle 31 by
codthediidcliomgtatchentnbreahsetOp s coptohportion 6¢ lok a enwameng3ortiond of e
injection state control neans 40. The control portion 50
heestrad proespsngin@ Ppderthiedike Bd a plfraly ofpramozies 58r9c e 8stemagpe pyrnaral
(CPU) or the like and a plurality of nenories 52, 53...
Ré¥ dsnadese evalguidaca HeterGondesaust fergneasupiag ipgulstitich aidles vy aigeqiping
nmeans for neasuring irregularities of the wafer surface
ulgsepigilacheef the opift a e fefectiopanethods Wherdgledion meggs Tparbe
reflection nethod. The detection neans 70 may be served
asTVaHhas AR Bererae Arramip K aethe Mgaled Hdke spele vaisE e&%}“é d@prpigtug hand
single wafer etchi n%@apparat us 1, and may neasure the

| PREYeEEs e relagiics phie Wi sptasur f ace.
[0018]

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

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



[ 0018] The etching liquid supply nmeans 20 supplies
an acid etching liquid to the nozzle 31. Specifically, it
is preferable to supply ITF, EING3, 1-13PO4, or the |ike
when a silicon wafer Wis processed. Herein, HE and HNG3
are used to etch the surface by silicon surface

oxi di zation and oxide silicon dissolving and H3PO4 i s
used to colatol the viscosity mainly in the etching

| dxtpia siticon Thevéi el HFO) & owad © catpitheviesaysaiRlp) infyetching pduwd. t he
acids to the nozzle 31 by mxing the acids at a

prledebieg liuidegbplyimetns2é maptupdy themitls trethe ey 1y trirengdied adigs dby
separately supplying the acids to the nozzle 31 and nbdng
t irelemanicks nataerato, trilenay ezpply ¢he3dids Hy 0@a8ikly supplying thf hadsnothz | e
position control means 30 supports the nozzle base

petlé Bran@@ixgyg de atidsatoutdibe edlad. porti on 33 for regul ating
t he novenent of the nozzle base portion 32 can nove the
nozzl e [@1%i n a radial direction ofthe wafer Wthrough the
rotation center of the wafer W The gui de portion 33 can
be conflhguzdepsitichcottrhmednhz) sugons the ivadebapapottion sl Bch tha the
novable in its longitudinal direction. A position of the
noEkelpeti@133tie rdghletingdfe erovaneniotl &t newle baapetion A renbeve e ndagie 31
posi tion novenent in the |ongitudinal direction of the

gio i gdiajpliedtipoof 183vatst W threughdzzdtasionester of the tvalenW3 Zhe Fihde portion
nozzl e base portion 32 has a nechanismnovable in its

| Bregi baedifigaed gich i the oerzle bast petiqie tenoyahietin daior@Budinal direction. | n
the guide portion 33, one end is provided to pass through
t A gosttion afttheonzz:Si toghe verfer e tanvafcenter Vet s¢t byepasititnemovemeht inghe
supported to be rotatable in a horizontal direction. The
nlogzthdnaBdirectmn oftke guiga pérgpu3e df theanolpge hasppattibe32. dhenodile met | on
toward the wafer Wby noving the gui de nenber 33 in the
hietion Shlhaa k me¢hpman inpvable [nd® ROZitudinal directiofitethé piideperiiord3st at e
control nmeans 40 is installed in the nozzle base portion
32 and Ihtheguids paifiop B, end priiss prestirded rpwass Sirdugl thedfatient denvgy obthe
angl e of the nozzle 31 to the nozzle base portion 32, a
hesafertVy ansldhapterad s suppered tofbe rotatt|edrsa Horigpnial divedtign t The oegzle B bean
fromthe wafer Wat a | eading end of the nozzle 31, and a
vl cofigdied e be mpvablpintacieation towad thajvelet W bnmaviog thoswide njemberddin
of the etching liquid fromthe nozzle 31. The supply from
t thehosivank digetion.qui d supply neans 20 can be switched

Wi t hout[oog(r)]ovi di ng the val ve disc. [0021]

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 Equid from
the nozzle 31. The supply from the etching liquid supply means 20 can be switched without
providing the valve disc.

[0021]



The control nmeans 50 at | east stores a surface
irregulaity shape of the wafer Wbefore processing,
stores a position of the nozzle 31 and an etching state,
stores an anount of injection of the etching liquid and
an etching state, and stores a shape of the wafer W
serving as the basis after processing with the nenories
52, 53... , and has the conputing portion 51 for
conput Thgeohtné sweant 60 at Eapsidres atshiécommveisiyshand tetvelar Wopefore
liquid injection state of the nozzle 31. The nmenory 52
detcesing, sthfeea muifidrad the stzal @1 ofl ab Hehingabierstows bedheusg of injection of
processi ng using the detection neans 70 and keeps the
dibd apahing Ot an etchitng stare mod sjpored a slapaivhe bafek @strvide dselrstbrsigpiterh e
surface state of each wafer to be processed by the
detcessing oith theaemaries $efdect and tpsttieeorsprtibgmeios © hfoecofputing &ede to
certain nunber of wafers by the detection neans.
Fumplite thennpemed andetariny lidysd igjtaipedhtaes the ovdzla § 1. prhe rembry Ghdetaots
the wafer in each ingot or data which is defined for each
t Ytk stavadide watty WoeforgeatessipO@GH2 the detection mithe aad ipepdes s
for smoothing the wafer is perforned in the single wafer
edetttion data ghamanaery data ody be hips desetigdiervefice dtate o gagh wnfertto bss on
the surface are nmeasured using the detection nmeans 70 by
diracesedy theldetection hgep er dofecting the safe s fie caditiriainoumbepbiiyadesibyy
of regions. Detection data is input to the control neans
5be dertion higans haphenobre tdhie mapbestoraddetenting igojetiorsetithe waferfresach
menory 52. [0023] Next the stage 11 supports the
viedoeer duawbich ik defingsit fanegehdyre vevaswmacee 3L r ot at es and dri ves
the stage 11 in a state controlled by the control neans
50. [0022] The control neans 50 controls the supply of
the etching liquid having a predeterm ned conposition
f r om t Wéhene phéesrgor singeihing Gerpaftrys nodamed i Gresiogle wefensishing e 31
whil e the nozzle position control nmeans 30 and the
i appasdisi | ohthis eabalinecon tegilariies ap Se A0feprae reconted st dectiohat
the etching liquid can be injected into the wafer Wn a
suene70ibi dixiding Hie surigeeat die sapgsiater Britro apldrality plaedique rPetectins dggd is
the nozzle 31 are controlledé@ggoz4 ) , When
elnphioyg cprirokpnsns S8 doriths sappefde Wianei steedinghe memerysdppl y
of the etching liquid fromthe etching |iquid supply
means #23ls st opped and the etching liquid on the surface
of the wafer Wis cleaned by supplying a rinse agent such
as pur iNexteth sigae Elrsuprorty ﬂq@wﬁ@ﬁ% and figapiary fiivesaigd droteh endyigyes r
Wis reversed and the sane etching is applied to the

P Hlen 2 fgpepgtolled by the copgod 8pas 503 et hod for couliol |ing

the machining allowance in the wafer, Wn this enbodi ment
wi |l bdhgreoad meag 5§ qonigdy thg upply of the etching liquid having & predetermined

composition from the etching liquid supply means 20 to the nozzle 31 while the nozzle position
contro] means 30 and the injection state control means 40 are controlled so that the etching liquid -
can be injected into the wafer W in a state in which a state, position, and injection time of'the
nozzle 31 are controlled.

[0024]



[ 0026] The control neans 50 keeps data by
measuring in advance an etching anount in a unit tine
when a predeterm ned flow vol une of an etching liquid is
di scharged fromthe nozzle 31 and neasuring in advance
data of an etching anmpbunt varying with a tenperature of
the wafer , an etching |iquid tenperature or an etching
‘liquid conposition Next, a flowrate and a fl ow vol une of
the et @HeRgclirigGtipflicll 0ra pRAGAmIrRYL) T bupblk ef thediding Whad fons et
fromthe data of the nmenory 51 and the etching dul ount of
tiheeiohRf BfuidAhppRaseaherd id sthppd\iaiEEstchg GQIidn g syirfack bfgheGaKd MOl
nmeans 50 controls an injection state of the novenent of
ti@eandid2 bipPihg Ofinst ARntlshdk@s pudifiedBiata biig: Like. Olthkre) if vitedQIDSHE tvifer
and an etching reaction condition based on machi ni ng
aWvlinwanerns &t tahRewMa] ibgplietid e wrctsRle. pl ane of the wafer W
[ 0027] According to single wafer etching in this
enbodi mwps), a wafer Wcapabl e of being obtained by
slicing a sem conductor ingot is rotated and an etching

| i qui d He®in] dtheiet] @i cdniroilitd themabiziag dloddnct b thehefsWih age of
the wafer Win this rotation state in a state in whkh
hasbdmeendi teidentbedh détglrper at ure, vi scosity and
conposition of the etching liquid are controll ed.

Si mul t gooegusly, a flow rate and a flow volune of the
etching liquid can be controlled within the plane of the
sur f ac @hefontdh eand FEKeepAkiyta B0RdaEEIng inAdvafiie@s &SiigAgiount in a unit
paranmeters representing the position of the nozzle 31 and
tihe: whaniielkteofinadd@be Kolirad @tah &tttng lidiieis disthbrgaiioaf thd toezled faed
W can be snpot hed by exactly controlling the machining
ahdagniagia advbuire gatofpfan tithigSimomnt vdrgngweiferteresturefofitie waff:0OGR 8]
The wafer surface can be snoothed w t hout perform ng
neting Hquietbrmg ratundir agetching liqadcohmpiongNan d figw raradihdgtlopofoluare
side or both sides), thereby preventing a defect nanning
| of it brehihedigpid g ecainsbeign ofickivwagr Proceseshe dapetihd meadr) §1 ad the
processing distortion |ayer and an increase in the

raching amaugt dthe oman@endagurad@af sdvanpy. deasdnghgthel toatrdl rears SO controls

[ 0029] Etching in this enbodi nent uses a |iquid,
bautinj@tgaste ofthaxviasieha bEthe nblgge Htocthe lig, aarphing liguis videtsigrand aed
by neasuring the wafer surface shape of each wafer. '
Altdhayp readtipivehyitiontbhed ed mivhingg alfoant satap viles deftiethaplaedi hor
each sane ingot and for each sanme slice process. Wen a
chektr&¢t eri stic of the surface shape is defined fromthat
of a slice machine or ingot, data of a predeterm ned

et chi ng00@ffount can be constructed and used for each
wafer. In addition, data is cleated in various

condi t Aersdingsugigle ekt ctthieg ic thsatnballinat, a welarV bapadé ofdeing vy
appropriately used and can be corrected by coupling
cthamadyelidingta segicantudidn angoes retated 4ng @8@Ghing 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 controlled within the plane of the surface of the

wafer W by controlling processing parameters representing the position of the nozzle 31 and the
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Next, the etching state for an actual wafer will be
descri bed [0031] . FIG 2 shows machining al |l owances
of the whol e wafer when the nozzle position is changed to
Om 15 rum 30 M 60 mm 90 mm 120 nm 135 mm and
150 mmfromthe wafer center in the nunber of wafer

rotati ons of 600 1pmin a 300mm silicon wafer and an
etching liquid is injected during only 1 sec at these

PQinBd:r 5f waldr rdtdfibnS. TheWesfac@ofeXiattd B dah BilbnfdoBdd Hylexactly-dNkbiling the
H3PO4 was used for the etching Iiquid. [0032] In

FhaichiniBg allbRAcH10 PblcCicnois iHewafr Wsutbanged as shown in FI G
2, but the nunmber of wafer rotations is 100 rpm [0033]

I'n FI Goo#k] the nozzle position is changed as shown in
FIG 2, but the nunber of wafer rotations is 1500 mm

[ 0034] The wafer surfatcQ beh@sahddesitibit Serfolnfi MRBMicAighglialshowance
in the center increases when the nozzle 31 is in the

Qg ald oPRigl(bfofe o of hih s Qlicrdhy prbvshiirgh i@ 6deinithi ig the

al owance is not large in other positions. It can be seen
tldipping trideriagidrésg, spdclfioaillaa ecdkNRIiBRARSE layd aldi icRhse Bitheon

position of the etching Iiquid as the nozzl e noves to an
GHcEifinGdll0@ardf intaRr MedeSing due thereto.
- [0029]

Etching in this embodiment uses a liquid, but a gas is available, The etchjrig 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 corrected 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 Wa.‘_fer when the nozzle position is
changed to 0 mm, 13 mm, 30 mm, 60 mm, 90 mm, 120 mm, 135 mm, and 150 mm from the
wafer center in the number of wafer rotations of 600 rpm in a 300mm silicon wafer and an ctching
liquid is injected during only 1 sec at these points.

At this time, a mixture liquid of HF : HNO; : H3PO, was used for the etching liquid.

[0032)

11



It can be seen that the machining all owance devi ation
nmeasur ably i ncreases when the nunber of rotations
-increases in a variation of the nunber of wafer
rotations. From these results, the machining

all omance in a region where the nozzle 31 is located in
the vicinity of the central position of the wafer W

i ncreases nore than those in other regions. As the nozzle
noves hdl@rs, beticerle sisiden iofhaige@aswiafuerin FIGHE birge himhban of wafer

al | owance of an inner side is smaller than that of the
irstptivatis B0 qeasi ti on of the etching liquid. This trend is
remar kabl e as the nunber of wafer rotations increases. It
can be[0p3Ken into account that the centrifugal force in
which the etching liquid flows into an outer side

I ncr eaBddGwhinnaziepositioriethagkd fseharni oA, 2, addasesber viverfeas
the etching Iiquid does not sufficiently flowinto the
watfitiens is (003 Accordi ngly, the machining all owance
can be set in a region of a ring shape (or doughnut
shape) [0834]i ded in a dianeter direction of the wafer by
changi ng the nozzle position in the wafer dianeter

di r ect From.thepdOBH the machining alfonw@Sie i1tk celi incrlses wiml e BozzlaGWis
etching allowances in the whole area of the wafer when
tidntbe evoiza pogitiono @8 wafer Whisit hasechinivg e walve ismodaken phgipbditens. | S
in respective points as shown in FIG 2. FIG 6A shows an
dtcambersgenatiat thavambiging tlatvencaienastsiethaioretior prsvest tferevhiag liquid
position of 135 lint fromthe wafer center to a position
of thdfozremmbreo mab bvéer sidedfée vakr.shown in FIG 5A. FIG 6B
shows an etching all owance state when the nozzle noves

t hm a pomibe seemthafthe 3@cnming atlomantdievin@h excasgrbly @rredses vehen the
position of O mm (center) as shown ha FIG 5B. At this
[nimrber of rhtetionpiv@eas in aspeasion @ithetnhvebenozweleerotagiors. N sec with
respect to the wafer center. Accordi ngly, the
machi nFrog teekd renksnibemadhiving elltviance muertgm vder tieaoslet3 | fslaated in
data of each nozzle position as showmn in FIG 2.
[tiDigBITRM Ale cad@Pl Hotilof thdwafer W increases more than those in other regions. As

the nozzle moves to an outer side of the wafer, the machining allowance of an inner side is smaller
than that of the injection position of the etching liquid. This trend 1s remarkable as the mmber of
wafer rotations increases. It can be taken into account that the centrifuigal 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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[ 0037] According to the present invention, a wafer
surface can be snoothed by controlling the application of
a fluid over the wafer surface according to projections
of the surface. CLAIMS |.A nethod for snoothing a
surface of at |east one side of a wafer obtained by
slicing a sem conductor ingot, conprising:
nmeasuring irregularities on the wafer surface of the
waf er &Gk, SA.0B| 619 asitdBah®f ettt al@asdes Beheiwhb R gldd @ilictwattBwhen
measuring in advance an etching anount in a unit tine
Vihd dozk: rpsvesia the a3t Witk thd r@wlaokititiEs ia fesgtive beift @ghdwnGuFId:. 2.
di scharged froma nozzl e and keepi ng the etching anmount
G aBA vtk an etching ppdnyd 9oge weheh the hakzlE movas &oma pasiten 6135 g
surface of the wafer while rotating the wafer around a
clei tes waltiesnted fo atpbstionaf mim from the cantress@havndn FIGNSYe IFIGf6B shows
rotations of the wafer, a supply state of the etching
| dneiahinl allanghcastypogtich the fozalt mbie fitva 2 pbsitionb 30 nnefqpehit wifer celie
waf er are controlled based on the data of the neasured
16 & pgitibasfi0 hine Gerden)chs tHoen @R SiBg Aaihid tink, tietadcRemantspédd ef the
appl ying step. 2. The wafer surface snoothi ng net hod
acedridi mey/stowitlrapart td the whler eenter. t he proj ections are
detected for each wafer.

Accordingly, the machining allowance of the entire wafer can be set from data of each

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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3. The wafer surface snoothing nmethod according to claim
1, wherein the projections are detected for each
predet erm ned nunber of wafers. 4. The wafer surface
snoot hi ng net hod according to claim1, wherein the
projections are detected using preset projection data.

5. The wafer surface smoothing nmethod according to claim
1, wherein the wafer is snoothed and processed for each
she®bAIMS. The wafer surface smoot hi ng met hod accor di ng
to claiml, wherein the application of the fluid over the

waf er S%rteﬁa%@fo'r%&%gr@éulfﬁgoihay}e 9&%5&##a%fe%btin%%%%siggg

of the rotation state of e co

t he® PREPY Y et FEwEeng y of the fluid, the injection

st at e ofmeptyang regudhriticsdn theaknjudct bohe wtfafm'Bndﬁcorih@ éutf dfeHed.
7.1$nﬁmmﬁ@ﬁm@%§face snnothing nethod according to claim
6, V\herenllegut he. [5 I 5..an g t us

smoot hi ng the Sare ré"c?é‘*“ of mﬁtamfmé]algta “6‘ e“’l Pé “ff;{%? v
obt'4i'Réd Wtcg*rlg bquwgdlfah%@ﬁfr@@hmﬁwlqemﬁhe ctshinprieitigh: a
stagé for supporting a wafer: a rotary drive

source Qi Qfggczt f?uqd ltrcgn 5 %z]?&xa:geesug%e thﬂeotlvﬂrlvv%ﬁe 1% t!xe wafer .

rotaggulnéwzgcmml J driy t e stage through the rot ation axis:

wherein a number of rotations of the wafer, a supply state of the etching liquid,
and a position of the nozzle with respect to the wafer are controlled based on the data of

the measured irregularities and the etching amount data, in the applying step.

2. The wafer surface smoothing method according to claim 1. wherein the

projections are detected for each wafer.

3. The wafer surface smoothing method according to claim 1, wherein the

projections are detected for each predetermined number of wafers,

4, The wafer surface smoothing method according to claim 1, wherein the

projections are detected using preset projection data.

5. The wafer surface smoothing method according to claim 1, wherein the wafer

is smoothed and processed for each sheet.

6. 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 wafer, the composition of the fluid, the viscosity of the fluid, the injection state

of the fluid and the injection time of the fluid.



a detection device which detects projections of the wafer
surface; an etching liquid supply device which supplies
the etching liquid over the wafer surface froma nozzl e;
and a control device for setting a nunber of
rotations of the wafer by controlling the nunber of
rotations of the rotary device, regulating a supply state
of the etching liquid by controlling the etching |iquid
suppl-y déw ivelers sudrrd ssethingmgthad statieg @oldinp®siktrkiomedhidt he
Nozzk & acid.

8. Anapparatus for smoothing the surface of at least one side of a wafer obtained by
slicing a semiconductor ingot, comprising:
a stage for supporting a wafer:
a rotary drive source connected to the stage by a rotation axis for rotating and
driving the stage through the rotation axis:
a detection device which detects projections of the wafer surface; an etching
liquid supply device which supplies the etching liquid over the wafer surface from a
nozzle; and
a control device for setting a number of rotations of the wafer by controlling
the number of rotations of the rotary device, regulating a supply state of the etching liquid

by controlling the etching liquid supply device, and setting a state and position of the
nozzle.
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