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AR O B R A TR E LT, BAESHEOKLE - BRICB W CEMERZ F W 72 BRE AT
BRELHEZRIZL TS, FRC, Lo E BE - KEBMATICBT 258 2 2 N ORITof
FNIRBOGTEEEZ > TLTOREL, K DENLEESMOREI M RO LN TS, HfTE
FE T, SRR R OSSO LMD DRI 7 B T VALHEAN, T TV OIS T A 7200
A BRI T OB, A REEMBNTIC B W CTHN S KB 12 X 0 B sl i 255 2 B L O
EIT->TE. AT, MEDHREED—DTH 5 3 KICIEREIEREIGINT O w5 HAbH A %2 KA
%o

<7 A 2 VRN EORMS TR T A AT R B R: & U CHBRERERD 505, BA
PR ORI IC BV TE I, AR B O IR A2 ZERBT A2 EALETH S, Tk
&, ARERBCL 2EEALOMER & U CRBB 2 IERBRE G R Er N5, ZoREH IR
T 5 EERE ORI, RN OEFILD D IZLEARTTRKTH 5o

WL TIERESBIT I B W TR PIVERT V¥ ¥ VILE A BRALTFEDR TR E o TWAHDS, A
RTIE, WEANTETF Yy NI BERMEEH V. BRAD FRTF V¥ v M2k B ERLFET
. IR BG RO RN OB E KIBICHIIRTE 5 —F, HBEXOMWEHIEEER L= 2— b
Yo7V VB L A ERBETIIPNHREPALEE 2D EPMOLNTVWE, TZTIE, =a—1
YT 7Y BRICHEBEREEA L, KEOIWEREEZENL L2 2F ), 2=ty - TT VUL
B LEMHE xOFEFIIB T, BHRE a ZHOT, tnew =2 +adx kT 5, a=1 O& EHDHEHE
HRoa—bY TV EIHRT b, AFETIEE 512, AMG (Algebraic Multi-Grid) #% w5 2
OO E#EILE 5720 =a— Ry - 7V VBB ABIERYZ MU AxEROLEEICIITYaE
T ATH R R EBATH & T 2 IR BT R A BEDV D D5, ZOBORBFLE LT AMGEDSH
BTH 5o

BRAFRFERBEBRITIEN O 720 OFEFHHEHMAEEMEHER BT, By — IV FICET5
RYFI—TETFAIEEEINTVSE (M1)e CORYFI—T7EFTNITOWTRELR 21T\, R
PSR E L LR 2 RIITR Lz AMGER V5 2 & T, fEREE & IR L CRIBIS T 255 3
IBENBLZEIRENT VS,

EEBUN

T. Mifune, T. Iwashita, and M. Shimasaki, 16th Int. Conf. on the Computation of Electromagnetic
Field (Compumag), PA2 — 7, Aachen, June 2007.

x1 FINICEL EIREEEORR [s]

i AMGH: | 1R
KR 1024 6468
1TH D HE R 615 616
FEAAR B DI E 1530 1525
EI 3167 8610

1. R —IVKETFIL

18



2007.6

BRINX—IT¥EE EHTHRHEIZSEF GIENRE)
http://www-lab23.kuee.kyoto-u.ac.jp/
LKy Y27 O0-BHORGEERICEICET IV

L' Fy 7 Z70— (RF: Redox Flow) &Eillid. TWEEZITH) LNV EEBRBE LIRS S 5 > 7 23558
ENREEERELED, RUTEHOWCEREEZY V7 LRV TERSE, @BAF VTHHNF T A
A% OB ) TRHEST S KB TH D, ZD7zn, BLAFAIBRHEBLE LIRS, X
1 (a) ICRFEMOFEHE I & EARRIEER M, (b) (CEBRRE 2R T, REEWIIEN AT AICBW
THEMEEALRL ML, BEBEFEATHRE LTHYON L Z ERWEE SN D, KIS, ElnS
Btk 2 R0 720, BRI T HERE & U CEAME R STk,

RFEMICE T AN T TOWZETIE. KazacosiKH A F VAHEIZBIT HKOBENIE L TEER
M 2T TWwA[1], /2w AMKLSIE. BEREKSmICHEDI VT, EMKISALHAR THRO SN 5l
BBIOBEES TGS, RFISGEEE & BRASHIT 5 & JaE 55 IO W CHEMO#EE
R KSR TR EEH L2218 512, BARKL IS HFFEDE I LT, TIERED A
7 TEBANC L ZBEDO D S EF ML EITV, BMOSMBIE ERE RO 5 & FEFC, &
BIMTCHE 2 BB T 28R 2 M4 Tw b4l L2 LS, REEMOMEICKD  BLAR. 1L
R, WARROME 2 ZB L2 EY LBNETVAMLINTE ST, EFHLEDOX T ST LMEAOR
HEML LTk,

AWFZETIE, REBWORLME LV L BREEZIHK T 25 ¥ 7 230 S N-RENER LY. 208
Y% LS 5 BER L%, MARROEE LR TS, T 4bbRFEBOFE TN 2 WELRYIR
R, ROCHEmICHEKO &, BRHEIC L 2 BELLB L OELANRIEIC X 25M0H% % Z B L7z LT,
EFLXZENL2GI6l. $72. B L-EFVHARFEMOFERMZ X LA LELTVLIIEA2HK
ERTEAS R & EBAREROLEBRE L VMR L. K212, BWEHIICB T 5 RFEMO B IIEE D
BIRGEEZ R T, COBMERIAERERL Y, EMEREZ KX T L CHRBOMHAREBNELEZ &
TE, MEOTALTRZHEMZ ERMWICHMFTE 56, EH LB hoBEE2 R L-EF VI, &
Mo EE - BRENCHGRWIRH 2525 L HICTANVF—LZHROA I = X 2O EBWERZ WL L,
ffi 2 OFEUEIREIZ BT 2 EMEMEOHIENCBI 2 MET 2 WHEIC T4 2 L 2 FE s L 5[6].

HfE FEBRREOREIZIE, BNEN ) BIOHEKEL ) oz, Z2ICHEEZELIT,

S SCHK
[1] T. Sukkar and M. Skyllas-Kazacos, J. Membr. Sci. 222, pp.235-247 (2003). [2]A<[, TE445 B 107, pp.449-
456 (1987). [31AH, #, K, "B 102, pp.265-272 (1989). [AWEA, k4K, His, W, B B 122,
pp.554-559 (2002). [5] M. H. Li, T. Funaki, and T. Hikihara, The Fourth Power Conversion Conference,
Nagoya Congress Center, Nagoya, Japan, April 2-5 (2007). [6] Z, 515, NLP 8, pp.43-47 (2007).
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[SRBEEFEEY a 7V EROAM v F L JREEHREEE

BB EHNETRIROKITH 2, BRENEES —EDIRFEVHE > THnb1 KT OW
BIRE O & ) ISR EH G L TV b, L= = RIBE A TRENS L 912, BmED RIE &AL
MTEIN, MHIRZZORTE YD EELREHE Z2/RT, & ZIEMMHIRZ PUVRF YT v L (20
HfEAEYS) OB TRIN, PLELTSE (Thabbihafy) P KE BT %,
L — = TIZHAH DI AEA T 4 JED D 5 DK LT, BIEETIE Z OO AR S
NTBY, W~V a7V R BHLOATH L, Vat7 V) YRIEICE ) MHOZEIELIE TS
B ENLID, 72213V 3w 7V VSIS X MRS OBIBERB2SiEE 2o TWnh, 2O X
IV a7V VEERH-> TUILO TEHNE TRROISHIEEL o TWEEFE-TH X\,

SOV a7V EEIZH LYY ) OO WRESINTE 2, Va7 Y EEOMMIZ. ¥
37V UMW LR 2o GEES AR ZECE, b ) EWHoRT T v
DRZRET IR A ERLTIENTES, THIFEFIICIZERAL SN2 FAFAE L TV D
EWVWHZENTEDL, TOEMNDIL, TALVF—DEVIEINS 22 )BT, ZOHIb0LH 50
—HIHEAET L E) e EREGDOEREZEL L, CHIEZRTIVEL2—FDOILRA Y N ERBETEY
b (gbit) FTFIC%AILERLTVES, FGAMLICERT Iy v a b v A VRIR TR T % B
SELEHMET M AVRIE (MQT) ZHWTHRER Z EDFEIPD LN TV 5,

INETOMERTIZIINS OEENEHRT H2EEZIZ1I0mK 1Z E OGRS LETH Y, FD72DICIE
HREHESLEE SNTwD, LarL, ifGdEEZz TR FIyEa— Y 2T 52 LiEdnk
DIREEE SNTBED, o L BWWIRETLEROBESTRER TRIRD SN TWD, R, EiBE(mE
KoOBAEY a7V VEGEMNT S EEROREBEEARD Y a7V Y EAL D L1 HiU EEWR
ETMQTEHMNINSE Z ERHEINT, DRDONIETZLEEINTTID I EVIIRETMQTNEZ 5
DONEHRT L7012, HHVIFRELIK BETHLH, Chz2 EOICEWREICT2720ICHAY 3
L7V VEREHOTHE R ED TV 5,

INFEFTMQT DEBRICHWONTEZBAY a7V VEEFEFRIGEA + ¥ —2 (FIB) Tl
TENHETTHDA, bbb X VBHENLBMANATHEEZIRLE LTS, M1
BisSroCaCusOs+s HAGMAOEAE Y a7V VEAZ2 BIY M LAZTOERBEENETH 5, X2
BINZEHCTY a7y VESPBFIRBIZAAL v F3 5 B ORI %2 4 OFECTHIE L 72k
RThbH., INPHBRENDYD 225, Z OIEREEZIZITHEOMEE & [F U CRGEEMBH %2 7R
LTBY, EBRLAZEED TFHEK TIEIMQTANDZ B A F —N—[EL TV, RO

B

2 ——— :
= 0%; | data point 1 < €0 experimental -
L S 006 theoretical (1) —— “l ] < 50| theoretical ———
PeEin § | i | g
V4 & 0.02 + T © 407
)] 0.9 - data point g 30
£ 0.08 theoretical (T') -~ %
: < 006 ¢ T [
St T NN TS
" HA/dlIv X F \ VX i
T £ 5 K U;') 0 Af\.\ ‘../T\ LJ ujj)bﬂ’(m\ 8 104
4 6 8 10 12 14 16 18 20 22 24 26 ou) )
X > s Switching Current (UA 0 F————————t
1'Ef/3t7j/ 9 (uA) “ 0 10 20 30 40 50 60
EE2BOIVEYE m2. B4DEBEEICBTBRXA(vFLIE Temperature (K)
mOEES

X 3. HHEEOREREKENE
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[# L WiEREEE HoemE EEMEAIN O ER R ]

FEATOEHR T OB R, THEREEDOE, B2 0RNMROFIRICEADDOH D, BEIZ, KT
Y7 ORI YT S 365nm DRI S A F— FIIEALINTBY., Kl v 72@E &z OO
Hbo 5% IHEPFEALE HIF L THAPTHZES IO TS A5, #E250nm L F OZEEs (DUV)
JEHIRATK & 72 (W#EZ) PhikEE 2 5 Twb,

DUVIEME L LTIV L O DR H 55, EOHTH62eV (200nmAY) & KER/NY FF
Yy TR AT AHELTIVI =T A (AIN) PENHEINTVD, BIROBNETZ2EHT L7-0121F,
Fiod CESVE e 2L 2 S EETH B 05, @bWERic B nW T, 2oimnA + o Pick
B L7z NEEROWH S EETH L, bbb, —~KICHLNTWS (0001) kT Rz
wmH RS ER T 5 & ISR T A2 NEERIC L ) BT L IEL Mo S, 5oahE
MEFLTLE). ZOMEZBEGEES 221X, (0001) WMEEICEZT A (1-100) % (11-20) 7 & O
WP IS E TS A E R T 2 2 L B b,

KGR 7N —T T, TOEH. Tabb, HmEEREE AIN O SKESEE LT, SICHEM L
DAINDAFOLIE Y F T ¥ VEEZREL TW5, SiICIEIV 7 B ESM A TE Y . B,
44 FEVIROFTIN=DPmESNTBY, 72, SICEAINOKTFAESIIBUFTHH. A
FU AR RN L L TR DEAEMEDP RV E V)RRV H 5, MidRERICBIT M- oEIE, SiICk
AIND#E R EDENTH Do SIC/VIV 7K ETIE, 4HD L <IZ6H & W) i ED b 02 S
NBH, —J. AINOBS L E R FSHERIZ2H (VY EiiE) Thb, ZokMEEOA~—
B0l BIFaETBREE2EL 42055, SICEICEELZAINOK MR, 77474 ED
MBFARBEEDOKRE L) MOFEBRIIEELZLDERKELZVEVIRITH - 720

ARIFFE 7 NV — 7 TlE, AK2HD AIN O 5% 5 & % SICEMIZE LT TIHROHICTE vk v i
HE DRI T Z OFRFEICHRA T E 720 SICOMERRE I O ST 252 &3 CIZRATD L DEH, SiICHh S
HTWBHEETIE, SICOMMEEZ ML TWS, ZORE T > TSIC EIZ AIN OBH % 4 A7
TTHL & SICOREEEDAINNEHEHE S, AINIZSIC & [/ Uk &I 50 Thbb, #ik
ERRE&LR B THEIT LU, AINZSSICEF Ui EIC 220083 LAHREDTH D, 2D
[EaERRREEDER] L vy HEoTF, Fxid, SICERKRmIT ALy F 72l HTFLNL
TR RKE 2% L. ZORMEICAINZREIR, 2F 0, FHEEZELZDEVE I ICTRLOEE
#ATolz0 ZFORRE, AHSICHEM LIZ, AR & B4Rl — 2 AHME 2 O AINZ S5 2 IR L7z,
AN B R R E M E T HMEE (TEM) BHEA/RT . 4 @EYTAINETFRIDIEATHYS 2 EHHRT
Pz, sl 2525, 2 OAH-AIN O BB I1X8 X 107cm?* & i TR S, #EICHE ST
W B ERRPE T AIN (10°~ 10°cm?®) & B § % & MEB 0 &6 i
Ml & L7z, (1]

SHOBERE LTE, ZOEME4H-AINEZ H\W/72DUV %
HHEFOEBITMEZ, RERMOIZEAEHFELEL EV4H- 8
AIN/AH-SiICAT UG 2 HW/2HHE T 75 X, 72, K&
e L LT, BRFICHELEL 2 WHHANTH 5 4H-AIND
WP 72 B2 % 2 T\ b,

2 3R
[1] M. Horita, J. Suda and T. Kimoto, Applied Physics Letters,
89, 112117 (2006).
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[V A=A FLE—LZRWEF/ N1 FHHORIH |

—flZ. ATHMEZEORIBEBIHAT S &, ERIEIINEZ T 57 OB TR A, BHOE
POEELE)ELET. T, BRADOFEROIEFE RPEIILTTA, COLDICATELEEDANT
MR Z BRI ZBICEET S 2 EDBWEECRY) T3, LarL, HAEOLT I v 7 2, BXREE
WCHASTD L, BB CIYAINLIZ LR, BLEHEEL, BEICHEGLET. I bid
[AEEREEY T I v 7 2] LIEh, BRICEZEZGBEME L LTEMES T3, EREEE T
Iy T ALAEKRGEOREEFFICBIRLCALE, £IIv 7 AL FLEPEEREELTVWLIDTIE R
L MHABDORMEICIE, BOEEESTHET /874 MBS E Mz A58 I v 7@ (BHEL
TRXTA NE) PEETHLIEDSDVET, SO RS, ALMENTEEET 25 (BAREEZR
) 2ODO5ME, REERBE T TEORMEEMUT 85 4 VEEEE TS (7557 4 MEREEZRT)
ZEThrE I T,

WAE. HHHOEREH (Si-OH. Ti-OH. COOH#L) 2SAMAKRETTOT /87 £ MERIZARTH
LIENHLRERDFE Lo —H, 7 TATY—AF v E—AFME, A4V BHICL 552525
el MBRRIOZHENICHKETE 20T, EAMFOREICHEZOERIEZERSE, 7874
MEBRER G35 S LTHEITH S LIS T4, T TAMERETIZ, 275 AF—AF > E
— PR MR ARG TR ORMLEICNHT 2 AEIToTwET, FlziX, Kz
FL ¥ (PE) #EWMICHBEE/v— - IV FAF—AF V=2 ZEARE (0o mef + v E—2MEH L.
Ihze FoOREORMISEOMER A + VIREY AT 28U (1.5SBF) 1236.5C T 7 HREZIET %
E.KLIWRT L), RIBFOPEEMIZT 87 4 FEEELFEAD, 02 meA F+ ¥ E— LG L
T2PEXMIEZF /7 A4 ZOMWAE DS R 55 H T 8% 4 P2 LET. Zhid, O mef F+ v E—
LEHHZ XY, 787 A4 D OB Z FIET 5 COOHKELR LD EREIEDNPEIMRET AR T H720 L
ZzohEd (M2). BAE. 789 4 MEBICR#ER 7 T A Y — 4 F ¥ € — 2 BE &M% R ise
R, TN A boOEEBREON EE BRI EZEOTVES, I A -4 F v E—A1L, FilhTF
INA TR EBIBET 20 T LTRWICiff s E 3,

i O, mciB51+1.6SBF |

E/V—1F:
LEEE O

BENBERRF
(23 ]

Ne' o, SBF

K+

ca Mo

HPOZ | Bsod

‘: L.z ' HOOC GOOH GOH bR 7854k

[ITFET ™ CTE ™ g p -

HSRE—F/T— EREOMR UK (SBF)hTD
11 RGBS T ISR
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[ RES RIS FEEMHOREE ]

Ge R SO BTG & 56 L 72 8 R B o B s 1E. SRR E W - R AREORER 27220,
ZHON - BT TN AOFEFICEHBRL TE 720 %0 TH IR A VEAR (74 FFy v 7P
) X, AT ANVF— - AEBFEOHEZOH X I2H b, WL 37 — 734 2850 In 251
SN, GaNRSICHR EF L WHEREZ HE TS, HbETRIETIE, B ~RENFEIROTOL - 2w
FTRIZOWT L ERHRIL & M RALICHRWELE DD 5, BEHRRITHEE RS 27 4, BRFEAMN
IR RN A FHN R EAOIGH, 7R IZ BRGNS T AL SADEIR O]
W EAOIEHPMEFEEINTWSE, TOBAET, AlGaInNHEAIC & 2 HkEILIK X 235 B TRIBEE
280nm AL EEDTREMLED 23 HiiE ST W 225, BRI 1%L T L, 2oHd & LT1100°CLL 1
DEIRE EEFAEEGIZ L 2E0MN. Matko%sib, RBOFAELZEPEZ BN TV,

AWFZEE Tl REIMEBUORERE Z 508 L P8R B OB %E & v ) BT, Gax031 H LT
Wbo ZOPERIIEERIHIER 4.9eV (KR 250nm) OEBEEREON Y FREEL RS, 800 CLLT O
FECHETE, InF 72X AIZ MR 723802 & 0 S5 IR O MBI ASTTRE T F 725 GaxO3 2 ASH 5 &
N7z W) RERFIRDED 5. ZOFERITERN T8 A2 RS20, pAREZSS 2 L AHIE
ICh b L FRENLA, GaN EFEk GaV A M & ZnX Mg TEELT 2 HENEZ SN b, EBEIZIL
TN R E L7z GaOs PR O R R |MILIZOWTOMNIZEIZIZ L A LR L TR mE
W2 A0 FEiEORBKEICMT 72T A T T 2 G0 ORKM B ORI EAT O MEEE 1T T b,

A RIZG TRy ¥ (MBE) TIrw, EBHRICIE Y7 74 72 HV7zo GaxO3i & TE O H
mEE b b, BRB T RREHPRDLETH S REMEZ0CIZB VT f-GaOs %145 2 L A%
TE7225 BIRTIENE F X A4 U535, Lo L. WH~RIEEICIEIZIZE2ISERT, 200t
BREZ R T 20 IR EREEEZRR L2 A, BTRFE

14% DWSRIMERIN S & LT ORFER R L7 3.3
S ORFOK E BB B -GasOs AR AR E 5 72 )5

i GRENEBE) THONDIEThE, £IT, f- -

GazO3FEMZ V72 R ELE Y F U v VEE 2172 T 5,

CORERIY 7 7 A4 TERETR SN XD ZlEE N X A

R BHIORAL CHARTH Y, RHMIZAT 27 - 77 0

A E RS 1 E ETAT Y T 70—l B BoNT T,

WREHO-HEKRT. ZoX) BisneEei S | e

W Ga:Os MM oM SRS TR L 2y, SRk 51 TEIKTT

SMEREDHRS - NS CRAFEOBIE & Hi T T gq)<1ﬂ) 0 150 200

ETH5bo

B, EEEAGAEL V¥ —I1k, FR19ET7 H 1 HAHT
BHLIZ & Y EEEEE L 5 — 122 D% { OS] &k
Bz

Position [nm]
E. Ga:0:KEEAM X —JERETOT 7

1IJV, (100) EFEBOFESIOKETED
ATy THPEREINh TV,
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[BAREURET > Y BB TSUBAKIDEE - ER S LUH L WERIRFE Y 27 AN

Je4E, World Wide Web (WWW) EIZIZE K EOEHRIIEE - o
LThY. 20mho 08 e+ 3 lERLIT R g KERBERRRES 274
VU VBBERNR G Y = Vo TWET, BEORELY Y TR T 2 AT L
i3 FIHE» S G2 o BEoREF—T7—FE2db iz, £
NoAGLUE~DY Y274 A MERTRAETHZELALT
(NFR Ao ZOFORAHIBRD<— T 2 I L TEY
Z 2SS N WA A TR - HIRS 2 L EAH ) T

2. WWWOBELZZ2 2L, 20X 2R - Hilzi75 2 &
FRZHE LV E WD OXBURTT, BERHEER—TONETL
KIS 52 a—FE

WO L CL—FIRT DI FAT ) VTV AT A EDHL
WIERRR TR Y A T 2 OFEBIZ, Bz RWICHET 5720 ABEXN—TH—N
WRHIC R D EEZ ONRE T,
PIARIN) YTV AT ADLE D I LW IHEHRIMER R Y AT A DOFEBUCIL, ZOHEL R LMEL
TUDBRBETT, BE, WSODPOBEHMEKRLY VT, TOREBRREEHEL720D APIZIREE T
WE A APTOFIH IR UG ] BE 22 M AS R e EORIRAERT 5 MTB D Fr L IHHRR R %
VAT ARG - BT A7200RBE LT, BMFOMBKRZ Y Y Y EHVALBEOREEL 2o TWE T,
ZZTUFEETIE. HERE [TEHESR] 2B w T, BAEOMEKT Y Y Y APIOE 2 % ME N % i#
Pl FrLWIERMRE LR Y A T 2O %% - BIR%E XHET 572010, KBBHAREY 2 7=V (2
BR—Y) ERENRETLHHBAME LT Y Y VM TSUBAKIORSE - EHZ2fToCwEd, 22T
(B | &1, APIOFIHEI SHIBRZHIT TR W L2 FRLTB Y, TSUBAKI APIOFIH
Fix. 1 HOAPTHIHMER, BT RE MR ROGIRE 215 2 &£ . BT ¥~ TSUBAKI
DOMFEFRREZHHICHHT A2 EPITETT, MEL LY Y TSUBAKID D ) —D2OffE L LT, v
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The external electric fields are driven
to radiate the EM beam.
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