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Abstract

We experimentally and numerically investigated large-scale structures formed by vortices in a single wafer spin cleaner. The
Q-criterion identified the vortices developed in the cleaner as the flow regions with positive second invariant of the velocity
gradient tensor obtained by both the PIV and LES. The time-series two-components PIV data shows that small-vortices were
clustered near and under the edge of the rotating disk and were periodically emanated from there to the housing wall of the
cleaner. The emanation frequency was increased with increasing in the angular velocity of the rotating disk.
Three-dimensional LES reveal that six longitudinal vortices were spirally developed from under the edge of the rotating disk
to the housing wall. This structure stably rotated slower than the disk speed. Fourier analysis of the LES data agreed with that
of the PIV data. This supports that the passages of the stable spiral vortices on the PIV measurement region resulted in the
periodical emanation of the clustered small-vortices observed in the PIV. Such a very large-scale spiral structure will induce
reattachment of contaminants on the wafer surface, and should be destructed for development of much higher efficient
cleaner.

Key words : Rotating Disk, Flow Stability, Large-Scale Structure, PIV, LES

1. [FLHIC

AR, SEFEMIEE OMHIMEIC R, PR RLEIC 1T 238 7, Ny FA” LIEEND 25D Y = — %
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BL, MR EICRERPER SN D, TV o — NIEASNZAEENICRE SN TS, 20 89 Z2effltk
L7z —y OB THIRE RS 72855810, 77— TRICIBEIROEITTENER SN Z ERM 5T
% (Schouveiler, et al, 1999 <° Gauthier, et al, 1999) . £7- 2N HiBORAER & 1IRIC, Y ClimRess
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TN = T ORIOWIIET A T — « 7= Mitil (Di Prima and Swinney, 1985) OfkHA 295 Z &
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D ) EHMET, WBRENOIEIEIXIZ E A E5o TUHRU.
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(1997) HCEERBEEHE & L < BRI A LEEE O—o>ThH 5D CVD BN TBUR L =651 & FEE, Mikom
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MR OIEE H BN O 2584 7=, F 72 PIV FHAN N 2 C, P& PNiiiiL e LES (Large Eddy Simulation) Z1T\>,
FERRE R & FHEAE R A EICHE T D 2 & TUHRIHENICIAET D IRiR A3 o < 2 KBRS & & # OB(b O %4t
ELZOT, ZhaET 5.
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[P 26 mm O N= D LRERT TH Y, BIEKB CRROELNNBE SN D, AFETIEL Y a7 z—
EENERFET ATy 77— M3 1 2ObLD L LTHEFEILL, EX 10 mm O7 /LI R ZEHERE & L
THWE. ZOMR FEIIFPER D S—=2% T b, ZORMANC 3 SOHFRAR— FBEESTWS. JERb A
— CEMEHM, FoAEEOTEMIEEN LI 28 mm, 45mm THD. BIETIZHA LK iEEEEH RIS
0, HER A A= LEEOTEH G INEHERAY v R EES) Zilo THER I S—HIZAD, HERAR—
R BN HEERE~ LR D.

FERIE, ZERITE O & 05403, 1.040.1, 2.0+£0.06, 3.0+0.04 m*/min @ 4 FE4H, FHEEZEL # % 0~ 1300 rpm T
TS TITo 7. ZHUTRERRE O W FHIFE U=0.039 ~0.24 m/s, PHAHEEQ =0~ 136 rad/s |24 T 5.
ABFFETIEEIZ 0=1.0m*/min, n=600rpm & O =0.5m’min, n=200pm OFEEERT. N SFHITHZEN
MIRDEREL A ) LV RE Re (= QRYv)=1.1X10°, FRIHRLA 2V RE Ry (= UD/v)=2.7X10° & Ry=13.8%X10°%,
Rp=14X10°ITHHYST 5. RBvIIELROEIMHRETHS.
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Fig. 1 Model of a single wafer spin clear used in this study. Fig. 1a shows the schematic diagram of the experimental apparatus.
Arrows in this figure indicate flow circuit and its direction. Fig. 1b shows the details near the rotating disk. Both the
optics and the measurement region for PIV are also shown in this figure.

% r-z W& 712 W @ DPSS L— (Dantec £t RayPower 2000) &/~ At — K4 A5 (Ditect £ HAS-72D)
ERWCIEEFICAEE L. L= =23 U R AL B (L X f=200mm &[HL > X f=-15
mm) (XY IE 50 mm D — MERIZL, FREESEZES L O ICHEEI D AR S8, —Ricr—9 >
— MESIINEOHRSLY — D 2 R ZROTCOHPRD IRV ES T5. L LR b, RiZED 0 = 1.0
m’/min, 7 =600 rpm F 4 DS TIREFEFIHGTEE SN T, BEEEMEROEHEE U, =10 ms I2RFESNLHT— b
A DR AS, 22RO FEE U=0.08 m/s (ZfiF S 5 v — MRNOEERITIZHAIFFICRE V. £
DI — MNEEDRHEL 725 & ABGEHZ I TR0 3 — MEAOHIT BRI /2 V) PIV T 2T 272 < 72
5. ZZTy—MEESZ3mm &EL T2 8T, MBGEHZIGT DR Dmst i~k 2872

NAAE—=RAAZIZZOL—F o — MIxF U TEEILARD X9 ITRE Lz, AWFE Tl b —F A& I
EL, B 1b OIS TR SN D PR — MOEWFEOFH 21T > 72, 44, AL OREIIHEERR— MO H LT
EIRVTCRRLZBNRH Y, REWHEZERTRBRAITO Z & batIivz. Lo Laen bikil¥ 2 5EFE
OFER LD, PERA— N OFFEIFIED L EITHER A NI K VBRI, 1ZEAERLNRNSTZDT, Kb
FETILZ DALEDHOFHZAT > 72, 7R — b & EHANLE OFR XAV 72 BIFRIZS B S0k (TH/K M, 2014) (25¢
LW, BAZIZEFRARC~T Y FL 2R (YMV5095 @ f=50 mm, F/0.95) &0 fHF, 13,592 Feooki+ it
% n<1000 rpm (2%} L TIL7 L—2A L— b 2000 fps, 7> 1000 rpm (%} L TiE 4000 fps Tz L7z, R 11X AL
HEOMm AW L TR SN D70, MEEETEE TIREGR LICEANE LD, AHFE TR Z OB 2 Rl BRAT ik
LRy MRS mm 0% —57 > MEOBEBRERNZAIAT7X YV 7 L—a ALV MIELTWD . A5
TIXZOEBERITNZ T, L—F T — FOMET b DOEEBLEINT 5720, 1 BIOREBRTH LIV E&RN B
KIEiG 2B L, SR FEi %2 Z O CER L TG PIV A 21T - 7-.

20 IC N HEBMHIEEZIT->7-% D U=0.078 m/s, =62.8rads Dt (O =1m’/min, n= 600 rpm FH4) 2
B 2 WRIR) 22k TR 2 s d. X E EOR T MFE LRWR GO MR TH 5. KA ML=
WEE, TRNTHESR I N—NEL TR Y, ZEXGEEG L0 TR &I TWD. 2o & 5 2k rmitg 2 H
W PIV ffdT 24T o 7. PIV f#ATICIEREH Y 7 | (Ditect #1: Flownizer2D) % U Nz, JREEARZ R VOB ITIER
JiHBIED—FETH D REIGZE L (Scarano, 2002) A HIV 2. 7oA AAH BRI D RIS IZEHEFABEE &2 FH
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Fig. 2 a) Typical postprocessed instantaneous particle image, b) the instantaneous velocity distribution obtained from Fig. 2a,
and c) the positive regions of the second invariant of the velocity gradient tensor (Q,) obtained from Fig. 2b. Dashed
rectangular in Fig. 2a shows the region where the PIV calculation were performed. In Fig. 2b, the color contour indicates
the magnitude of the velocity normalized by U, and the arrows indicate the directions of the velocities. In Fig. 2c, the red
and blue regions are where the counterclockwise vortices and the clockwise vortices are observed, respectively.

TWD. X7 R UITRAREEE 32X 32 pixels, PEAAEIK 52X 52 pixels & L, MAENZ 75%A4—/—F v 7 S8/
MWBEH LY. RBAF—V 77727 %—% 0.1 mmpixel TH 5.

2b (Z[X] 2a ORI T EIHRIZ PIV T 2 L TR DN TRREEES 287, 1T —a v ¥ — 38 Wi FHiE
U THKILSNTZHEORE X, EFRENIRADRE 2R L TWAD. K EFH BT E 722K EER
IS DY AVEREAN LM X 22TV D. BRI CROEIIIER L, PR HEER A U » h~[\-o T,
B OO SEE LTV 5. Z O3B ITHER A N — 0T Tl R CEBR EHEE D 15 52 bE LTV,
FRT MVDEE DD Z OFEEOFALOIMA,  F 7= BHEFIK & PER A 2N — ORI OREIRIZ ZE O MBFAE L TV
HZ NG5, 72F Z ORITCIEEER AR ISR FRTANC 22> TEER L TWA. 72 2¢ 13X 2b I3t T 5
O ED Az R L TWA. ZHUCE L Tldgilk4 5.

2-3 LESitH

K PIV FHANIIEE R HAITIEH 500 Y, FBTE) S EREE TO 2 TR TN OZEE) L 2R TE 20,
FEROVEAUL, FIROEERIZAE D 05 MO D T 3 Woth7eiiiEz LTk Y, AKPIVIEZED 3 RikHEiED—
HARERINBWVDIT TV DT E 720, 2 2T PIVEHANIINZ 3 WotEER R A 1TV, FEBR & B R A2 M BICH
FETHZ LT, BUEICHIFHENICIZAR SN DRI 3 IRoTHEED K0 R/ HEE &3k 7.

AWFIETIX, A—7"2 Y —ADOMEFEHEY — /LT D OpenFOAM 2015)iI2 LV, 77U v KA —LET )L
& LT Smagorinsky €7 /L (T /VEE Cs=0.167) (Smagorinsky, 1963)% F\ /- Large Eddy Simulation (LES) %
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FMEEF R OB HIHIENIR GESIETWD L ZAD 2 WHEETLES) Z V-, BRI 2IE Euler [afigis
AL, B0 DM I XIEE A IE 21T - 72 PISO ¥ (Issa, 1986)% HV /-,

FHEICIIIEREER 1 2 O T2, BHERS 113 CAD TkaF L 72 EBREEE O 3D IR (STL 5 — %) 2 L, NETGEN
(2015l XV Kk 7%, enGrid (2015)2 L 0 2SIk T2k L7, FHREMEIIZX 1a 2800 2 BhAEXE D b JER
A—hETEL, BERKMADICEREETHESNDRE L 25— HKitx 52, sHEETo. AFRICBT
% LES TlIZERifi &% 0=0.5 m’/min TEE L, MREEEEZ n=200, 500, 800 pm & Z5x 7. ZEfiks -
72 A — g, [BEEMABGEES C 2 mm, ZOMOFEE T 8 mm BBE TH 5. FEMEER T2 HW 2545, — B
WIRRRENT Y AL LSRR T 5. AFE TR X oBALOEREH 7 U X A8
TaR o TR, FERIR FIZH AR S 4 5 5 UE CELTTERS R C4 U 2 Mt O 1 S fig g T & 72
V. AREHE CIEEITHE 1 CHME T X D UEEHENITIERR S D KBS 2B E IS B3 5. ekl 18U it
JEH 7 ) XERETZTERR L TR WA T TH I L Z 450 TR ThHD.

3. MRLEE

3:-1 QEICKSBEEEOREE

AWFFETITRIE L2 L ST I OFMELZFI S LD 2EENICER S EEIcER TS, £2C
PIV #Hl] « LES 3HR DM T — X LR E AR T > VO 2 AE R, UFICERIND QEEZEH L, ERNE
AWTIZ IS 2 e % [l E L7z (Gfth, 2009) .

_ S on, W, ou
C 9r 6z 9z or

0, = l(gij‘(zij_sijsij) )

2
2 TCTRET VL, SjITOTHREET VLTS, 708 PIV FHANZB WIS BV D HEED rz PN
D sty u, DHTHDHDT, 2WIHEBE LA 1 OFDOEEH W, 0,>0 D& ZFERFEATAR L 0 &k
5. Oy fEIC X 0 FERIAS Flled DRI O FIEITATRE L 72 508, QL ED A TITER DM & £ TIIFFETE 2. £2
T O MBI 2 TR MEwZ2E M L, REEHEIY ORERIGEE (>0 12w, <0) &XKEFEHEIY (0,>0 Do,
>0) ZXHBILT-.

X 2¢ IZF DOFEREZ /T, BIEK 2b OBRRBRES S HEH L7 0.2 T, 0,>5000 OBRiEHE] Y Ol fHik
1, KRR ORERFEIRZ R TR L TH S, KL FEESEO B HHER A U v MO 2R o flk
2, ZEOMPFAELTWDZENND. FEINOLMOEEROMEICEB TS &, WEONEMIZIRE TR
SND R OMN 2 <, NRRHNCHE A TR INDREEHEIY O 2. F 72K & R N — O Ok Tl
HERZ MUVTHRAE L XS, W3 H2 L 9ICRA252, O HEEEII/NEW. ZoKEY, Mo ARk
SNTPUNRIIE, EIEERICO>TEEIL, HERA Y v MCBRWVIAEN TS Z ERTPREIND. i
RBE72O, OMEIZE Y FIE L7 EmsEig o R 2 b 2 RIZHE~ 7.

1l

3-2 REEORAAEL

4 312 O, EIC X 0 [AE L7 FEmIR IR O RERI b 27~ 3. Rl & [FRk Q, > 5000 THREFHE] Y OfERIfEIRE &
REEHEL D ORERIFEIKZ R TR L Th 5. EKITIFMFE T, (,2)=(197.8 mm, -18.8 mm)DArE (XHX) 2k
Iz HIAOLEEEE u, ORRINT—4 bR L ThD. BBz ZMKREmE (M) Z2EELTBY, u.<0
DIREREZBERL TVWAD Z LICER SNV, K 3a 2 /5 LXK 2c LIXZEORMEMAR Y, SIS S
PHEAY v hOF~AMHRNCEBE LT, HBRTHICE E > T D, & L CHIR ESMEBED R D ILWERIZ I T
EFHMNERAT DZERAENEDEFEIRAASA—ITEL TS, FEEORGEICEEY, 2 OIBEEIT R & < SMERER
A SR, ISR NICIAAY D (K 3b, 3c). & DICKIMNRGE T 5 & PR AN & 5 K 9
PR B ISP ViA A (K] 3d), FIEE, 3a THIZ K D 7R ImeEIk A AR & PE D A — DRI LIAENTZ L 9
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fluctuating velocity: u-

Time series of the positive Q, distributions and fluctuating velocity of the z component. The red and blue regions in the
contour maps are the counterclockwise vortices and the clockwise vortices, respectively. Fig. 3a is the result at = 4.28 s
after the measurement were started. Figs. 3b~3g are those at ¢ = 4.3~4.4 s with its intervals of 0.02 s, and Fig. 3h is that
at t=4.44 s. In Figs. 3a, 3e and 3h, the vortices were concentrated near the rotating disk. On the other hand, the vortices
existed over the entire region of the housing. The region where the vortices were concentrated periodically changed.

REEL 72 (X 3e). X 3f~3h, F7- w OWERINIT — X %52 & ZADEMIBICED IKETWD Z &35
5.

ZOREERARD D w D7 — ) SN E T o T-. ZOEREZK 4 17T, KIZITQ=62.8 rad/s DFER DI
72579, Q=10.5~104.7 rad/s DFERLHETORLTH D, KOBENIERE T, L w0/ =227 ML
EThDH. RBRO/NT — AR NV ILA2FHAIRERE (2000 fps DL AEBELE 6.5s) OT —2 025 1s DT —
BaT —HED0%EF—/N—T v T SERNPLEY H LAY MLERD, ENOOVE L STfRTH 5.
BT, AT ORI DREE df 1 1 Hz TH D, KLY 2 TOQRERMIZBWTHME/R AT MO E—7 N5
FUREINED B 5 Z L3 oyind . E 722 OJRBEEIIAERE O L T 5.

ZOX I ITHEERENTIE, TRERAESIZZ2 0 MEEEA R & HER I NN — DRI LIAE T AiREE, [
W & PR A 73— D B DRV G FEAMEEZ 72 0 IR B BE M~ S AIREIR S IR SR 2 RIZIR N > T D
KR JE IRV RS D, FE2Z DJEBNEIIR O MAEE R EMNT DIZEWE 705 2 & AEBRAVICH 57T
Tpolz. LInLehn, ZoO L5 ZEMARZESH BRI A L TS EIEE 2T L, VGO G710 3
WM T 5 O TR0 EE 2, 3 RTCEEFEEIT- 72

3:-3 BmEEBO=RTEE

512 LES THELN-fRERT. T U=0.04ms, 2=209rad/s (Q=0.5m’min, n=200rpm fH%4) (2%
5 0,=200 DFERIZ /R LTV D, KLY, ZORMICEWTEEHERIHOE V12 6 DOME S IR 54+
FRBEANRONTND Z E 3D, Z OFE LR OB A B R CREHE Y OglEl LT\ 5. & LTI O
NG ICEEICAFE L TR Y, MROEERAEE XV 132 DB A TR & A Tz Es LTz
DX D76 SDOIREEI, A TITo R TIZETOLM (0=0.5m /min, n=200, 500, 800 rpm) (2
WCBl Sz, 2 ot PIV GHANC R 5 w @AM, 2O LES IZA LD RERIEBEEN D - < U [mlfi5 L
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Fig. 4 Power spectral density of fluctuating velocity u,” for
various €2 case. Spectral peaks are observed in each Q
case. The frequencies on the spectral peaks increases
with increasing £2.

HEWH 2 @R TS Z LIRS 20 TIERVWNEEZBND. T2 THEICBWTY, BTED rz Wik
% u, DERRINT — 2 D7 — V) Zff i &17\V, EREE L7, ZO/REEZK 6 1R T. REBPIVT —4 D7 —1
TARATRE RT3 D I fRREIL df =1 Hz, LES 7 —# Tlddf=0.1Hz L 72> TEY, NRT =T MLV
FEV z T DEE D5y tKo,.” & JEREDREE df 2 IV TERTTE LTV D, XY FE T3 Hz I8k A2
MDY= B 2D Z ENanDd. K5 TRIEZKBFROMEIX 6 SOEH L, I OFHEEETIIBIHEQ,
~3rad/s TEEEL CWe. 65T, 3HZIZROND AT MLOE—7 137 OEEOBRICERT5 D TH
5. HEAER L FEREERALET S L, FRICAONIZZOAY ML —27 13ERICHL A 6N, HEICE
AR PO E—Z IZERIZEA_RN RV BB TH DL DD, TOMELANY MVOEMER B ANEIEE I
B —HELTWb. EEHRMROAEE QA Z Tost BN D, T ORBIRMEHEEILQ% 2 2 T H UM
RS T, QOBININZEENZ OBFLEE LIS 5 2 L83 0ho>Tnd. X4 TREAXZ Loy —7 L%
DQOEACIT KT DAL OB ARG EFEREZ VR — R LTEY, ERICBVWTHR 5 ICRLND L 5 e KE
REENTFEL TS LR TE 5.

KEIZZNOREROF LD E LT, 2RI PIV 7HAID 3 RTFHEEE AT, TOMEEX 77T, KT U=
0.04 m/s, 2=20.9 rad/s (28T 25 MR EPER A X—DIE, z2=-0.02m (ZBITFT S r-MiHm D u, 2/ x LTS, XIZiE
PHECEERR (K72 bRLTHD. PIVF—F O 3 RICEERIIT A 7 —OHFEEERA2RE L, 2 RITHIC
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Fig. 5 Snapshot of three-dimensional vortex structures observed in LES of the modeled single spin
cleaner using Smagorinsky subgrid-scale model under the conditions of U = 0.04 m/s and Q=
20.9 rad/s . The vortical regions are identified with the second invariant of velocity gradient
tensor over 200. The disk rotates in a clockwise direction in this figure.
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Fig. 6 Comparison of the power spectral densities obtained by the
PIV (symbols) and LES (line). The power spectral densities
are normalized by the variance of u, and df.
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RFfH] ¢ ERHERE (r,2) EDLUTONT 3 RLZEMERE (v,y,2) ZROT—Z OFERE{T- 7.

T rcos(—S%t) 2)
y = rsin(—!%t) 3)
zZ =z )

RBEBEOFHNTIE, B> TuN B2 5720, B2 3 WG TlRnZ SICEE SN

B 5 THRE I, WEIZMROEESS M6 R CREHE Y OFERILTEY, w,>0 OfFEK (R) & u.<0D
I () P EHYEBN ZOREERL VD, EREFEZERT D &, EEMICIEF Lo
TW5D. TE & S EVEGHERCIR & 7o KIS 23 IR 2> O AME BRI [ 2y TIRFEZ fi &, SKIRFRHEI D (2
VO TW5. FEBRICEIT 5 u.>0 OfEE (R) 1%, K 3b, 3¢, 3g D& 9 I TR SRET~ERREN L L
B SNz b & OFERSICERT S, 72w < 0 O (F) 122 0o T & ORSeimA E
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=<

rotating disk

ig. 7 The velocity component of u, in the -6 plane at z = -0.02 m obtained under the conditions of U = 0.04 m/s and = 20.9
rad/s. The three-dimensional spatial experimental data were reconstructed from the two-dimensional time- series PIV
data by assuming Taylor’s Hypothesis. The experimental data (b) well agreed with the computation (a).

L&DV, K 3a, 3d, 3h O XD RHBEHTED S FRERANERRENE -7 2 LISERT 5. EBRT —% TlEEt
BETRRY, WiEEE2 R REOEFOOMEROST 1T < WS i, /USRI E D AV RBIE i
ZIRLTWD. FFBRCITMNR & PR N — OB O FEERC I MU 2 25 DM ) oA /o2 5. A LES
TG FHIFRAIA S, T DM RIEE E T O 22 2 EBHE WV, IZ THEERT —F TlX 6 2D K
HHERLZDORE INEAESTEY, ZOMPIMEEEICEL TWDIHEEEWRWEENH DL Z N hb. K
IR IMEREIZ T D &, 2 2 CHRVE B2 D 3 U, 208 iR Rt~ & e < GMRBERTE D IR DOFEIR) .
FERTIEINOMOMBR LA L D LR HAIT, ZAMK 6 ICRIE AT MVE—2 DIEDIRN Y
ZHIEEZILTWD.

ZOX TR EZTE U T, PEHENITAIUCARE S D REEIINR & Z a2 5 AME B LOERD & 5 KL 5 7220
AUTIE, FIARED & BassME ~ 020> 5 KBUEZRBERIRN L E 7RSS — U BT D Z LN yinote. 2D X H 7%
IHESEIT S—T 4 7 VORI FMRERZ S E R L, Vo= REA~DIAL X I X — a2 VOFMEES &
Z LD %, Fio PR A 72 KBS 2R HERO %I T H, [X3a, 3d, 3h TH7= K 512 FIHRCAE U/ MR
7R AR BRI E S D7, V= —  WEIHETO L X I X — a VOB RS X I TR EEEN E
V. D, PEEEIC L o T ORER KBS E L 2L, A% ZofEMEEZEL TS 2N
EEOMRER LICORNR L THA D, ZORERMMEEL, §FikLizr—r 7 OfCHNEREE S 7255
(Schouveiler, et al, 1999 <> Gauthier, et al, 1999) <° 2 D D[a[HA AN THe E AL /= FiRA IR S L 5 i (Moisy,
etal,2004) LHLILCWD. LL2nD, BEOL A, I 0L ) R KRR ZERENEL D00, %
ORERERRIZ 03> TWRW. 5%, ZOX I REERT a—34 — U BB SN D RR OFEH] & Z Ut
Z ORBEHEE ORI T IEDOBRE N L END.
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DEHEL A IV AEL R, =0~2.5X10° DEETITo7-. 7ok ZUFZER R OB Wi FHFOE U= 0.04~0.24 m/s,
MR D MAIEEQ=0~136.1 rad/s DAY 4%, F72 PIV Hll, LES & bilEiE o REIHEE AR T > VL
DE2AEETHD Qe FH -
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T BRI, TR BEMNCEY KRS TWe. ZOBGO BRI MR ORI T LTI L, filx X U=
0.078 m/s TIXMMAEER A 10.5 rad/s 7> 5 62.8 rad/s (ITHMNT 5 &, JEEEEIL 4Hz 75 12 Hz ([N L 7=,
LES OFEFIC LV, Z oML, PEENIC @I U D KRt iE N g - < 0 LREEd 25 2 Lok
K45 Z Lo T-. LES IC LT U=0.04m/s, =209 rad/s DSMETIE, HERMIZEEEEERN O F D & S E
BEIZ 2T CHEEIRIC 6 DIFAEL TH Y, BB L EBIHE 3 rad/s TRIEEMMR & [F C A MICEER L Tz, FHE S
FERA T 5 &, T OWEEOBIRICE RS 2 HEEB O S —8 L Tz, £ LES OfEREY, Zo
LETE TRMRHENIE &I X QA K 2 T H I FRARICIFE L, QOHEIIENZE OBFLEE BN 5. 2 ofFmn
B CRI S Av7e, PR D RIEEEZ B U T D AR SRS JE IR 223 2 & O JE i B o S8 e ) & — 3 L
THY, FEBRIZBWTSH LES TH LN KRBBEMEIENSFEL TV D LR TE 5.

AWFZFEO—HE, MILEOSCHRM A MBI FE R EIRFTERB AR FEE ) (X E L7z, E 74
FAMER LIz A= R AT HAS-D2 1 (BR) T 477 MaBEy Lz, ZZICEEERT.
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