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[1] P. Wang, S. Ryuzaki, L. Gao, S. Shinohara, N. Saito, K. Okamoto, K. Tamada,
S. Yamada, Journal of Applied Physics, Vol. 125, 134301 (2019)
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A MEIZE R —ANELFET D, TRbOLEERENMENGAEOERITHY | X3-6
DSEMDOFER & b —F L x 1,
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ABFFE T, SnxHAR L T high<a 7 A b A FoEERILERfEL T, 2D-3D<n 7
AAA b B AL E LIz, PEAIZ0. BMOEIE TIRMT 2 Z & T, #140% DmzhFRLH T
EHILEVWRINFE L, 2DXa T ANA FORMELFK#ET DL T, SHRLFE
bl RFMEAAIT IR MAPLEE R £,

@ B AR—EEMEORREIZ L SRR/l

7 LX T IARIZAT T ARIR T e RS T A p- i n B OWIREER 1 7 A 0 A R IR
B (PSC) TlE, @V ¥+ U 7HEMERE & B WV DR Sy &5 Hpoly (8, 4-ethylenedioxy
—thiophene) polystyrene sulfonate (PEDOT:PSS) 72374 —/Lifiiis/E (HTL) & LTCZHIN
TWET, —FH, X728 MK E LTHOWOND AT AT V=0 A (MA) 1
PEDOT : PSSIZ%} L CiE el & L TIE L, RERHOMO L~ )LD =R LF— 7 M EiFHE L
TLEWET, ZTOfER, PEDOT:PSSZ W -ZPSCTI, BIMUREIL (Voo) 2MEWZ &K
MR T L, KB3-8ICm B TR SN R VX — 7 FOFRF AR LT
F9, ZOMEERT 72010, BFELOEFEIFRICL > T T A h A b KREEIC
L7 AR— Vg E M B OB 21TV LTs, ARBFZETiX, PEDOT:PSSIZIRANAI & L T
tetraethoxysilane (TEOS) Z /S H A Z & T RAF—2 7 FEHH L. PSCOVocD ]
EEROEZRIGIZHEI U E L,

3.90 eV

Energy
level shift
after
perovskite
deposition

PEDT:PSS 240eV
K3-8. MALRKICEKBIRILF—LAR)ILL T FACS Appl. Mater. Inter., 2016, 8, 33899)

@1 T34 AERL L R

PEDOT:PSS (AT 4083) (Z%f L, T4 / —/L K ONLEE RO TEOS Z Wi Loy iiaik & 1E5L L &
U7z, P 72 ITOHAMRIC A B o — MEIC LV AR 2 %A L, 200C TRERY 92 Z &
THTLZ R U E Uiz, HTLZ SRR U 7= FEAR Ikt L. IMIZFHE L 72MAT/DMSOMRIR & 1E F &,
DMSOZ FHWNT U o ZALER L 7= 1%, REROEE /0t (AC2) W TR E 72131 4
AERT vV (IP) RHME L% LTz, & BIS, FHILZAF L2 ITOSREMUIC BRI E TH D
IRIEIEIC L 5 CMAPb Iz 7 A A FETERRK L, 77— L 2 (Ceo) . 7NV 7 7 rr A 2 (BCP)
R(Ag) ZHRETHZ L CRGEMAER L F Lz,

[XI3-9(2, AC2% FVNTHEff L 7=, PEDOT:PSS (ZHR) 33 X OWPEDOT:PSSIZTEOS A ishn L 7=
(w/ TEOS) &HTLO, MATALERIC X H(EHBEIB O Z R L E Lz, BWEMETHIT00
HEFBEIT-5. 10eVTH Y . /27 2 A FOHOMO L ~L|E-5. 40eV T, HILOfLE
B E 7213 A A MR T vy VIR DR X — O E T D56, HELHROMEE
AT DR — VRN ITOEM AL XD Z & 1272 0 £3, PEDOT:PSS%E AW =H4 .
HELLFE OPEDOT : PSS TIE-5. 21eV & Sefh: &1ifi7= L T\ D & o, MAT THLEE L 7=PEDOT : PSSIE
=5.04eVER2 D | R— /VEIEICBWTHEANELD Z L ARIB L TWET, —F, TEOSZIR
SN LU 7=PEDOT:PSSTiZ, MAIOMERIZ L > THEFOZRLF— 7 ERHH OO, it
KOAECZ2WEPFHIZIE > TWDZ ERgY £7, 372bb, TEOSEZRINT 5 Z & T,
HILO =R F—3 7 R TE WA Z E 2R L TVET,
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504 eV
510ev ~ —7/—
asprep. +MAl  as prep. +MAl EESRAAl
PEDOTPSS w/ TEOS  MAPbI,

K3-9. TEOSHEMIZK BT RILF— 7 LD

X3-10IZHHTLZ AW TR L 7= 7 2 h A N KBSEM O JVEE 2 | 212K A

—Z &R LET, TEOSOEIIZ LY
F7-. FEMRERLTWAZ Enb

L Jse B I OWVoedE BT KT B Z g £97,

RS IIEIC K DRI S AL, 2RO BV

BN SEEL L TV D Z ERRIBEI N TUVWET, 5, PEDOT:PSS~DTEOSOEMIZ L 5, =

O ATA NEDENLT Fr—,
NOLNEHATLE, 202 &M

DRI LS hu fR & LTOKE

LRI IEAR 5 & SR CHRAFF GRS &

fhentE, WIURE, B AT U A BEHMOEIT
5. TEOSZ iS4~ 5721 ¢, M & 72 > T 7zVoc D A
GBI ODRFEDN ) L L7e 2 & 235300 E 97, A,

e
WFEERELITWVE LT,

X ITO/HTL/MAPbI,/C,,/BCP/Ag

201

o

~ T T T e T e WE{EMW;%

<E T ey 9

7 15 © PEDOTPSS %

Z C w/ TEOS(1.6eq) w3

» @ e

c o I3

[ L >

B 10 ?> ’

- A NO—Si— C -

= i 20

© 5t { .

o) \ © O

+ —~

_g tetraethoxysilane (TEOS) ~ =

o g ! L | e i
0 02 04 06 08 1.0

Voltage (V)

®3-10. FHTLZAWE=ROTRHA FXEEMOIVIFIE

#3-2. TEOSH#HKMMPEDOT:PSSD45ME/N5 A —4
Jsc(mA/cm?) Voc(V) FF. n (%)
PEDOT:PSS 16.27+0.43 0.8610 0.75+0.01 10.58+0.45
(champion) 16.84 0.86 0.76 11.08
w/ TEOS 17.79+0.45 1.00+0.01 0.77+0.01 13.65+0.34
(champion) 18.11 1.01 0.78 14.14

(2) "uTRAHA MERLFIET +

Y 75T 4 TRY = —OVERL L KL

T+ "NV T7T7 0T 47 PR R 2RTHEHERY ~—F /31 X (PR KRV ~—) L,
ERANTHEERE V2L 00 & T2 RIMNECOISHANIFE SN TOET,PRARY v —

T, EIPUZED F % U 7 DAL
FEREENEE L /2D £9, v
AETD, IR (X EIC AR T
AN OB B S TV ET,

W, BIXOFoEE, Ty T EN L ERERD
THERER Y ERAILE LTT7 T — LU FHEEANRSH X
HY . ITRIMNEIC L0 KREBRWIUREE A9 D HT7-7

AR KM E U CER SO A1 7Y v RXa 7204 - (PVK) 1%, H
BB OTERE RS K OMERIZ K » TR R OIS /TRETH D | A T/h S 22 3fGdie rov

F iz L TR v U T AR

RS Z R > TVET, 6> T, PRA Y ~— D
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FlE U CHLAMEE 220 2 9, ARBFSETIE, MAPbL; ki 7% B0tAl & L CHW= PR R
V~—%X UOTIERILL . FOREBEEIC W TR LE LT,

Rk 30 AFFEIE, MERER LI5S & 22 HRFEROMGICEY fHA, PR AR Y ~— O
& 72 2 nI¥R & fidb 95 2 & T, BFERMAZIK L7z PR 731 25255 2 LN T &
L7me &51T, mPEREROEAIE LCEH &SNS PCBM (77— L U iBiER) & RI%ZoMEREN
BONDZERHLMNILE LTz, 26D PR T30 ZIZBT M5B 1%, B2
ZERT & HHE L CHUD A E LTz, (H29 4EFE )N B Dfkfe

Fio, RO, BEprsEmbh s - PRI (0 DelEmazEn L
FHERICHEASLS 74 NV 7T 7T 4 TR ~—DAIRL) GRER S :17K05093) & LT3
i LFE LT,

(3) AT NA AVERL - FHE 2 H .0 & L7z ERIMFSE - BRFERF5E

(3)-1 EHE, REMIMETAAMWELOBESR LG CORNT v & R T

WA B RAREELT 4 A7 LA TR EL ORISR, FrOB AT A REELA B O BH%E 24T
I T=DITIE, R &R EIC RO S DR o3 I ERAE L OO 2 B B 00T
T 520, mtERbB LOEFMEE BB T 57 OICIEFICERICRV ET, LrLR
N5, FOIMENT, B O KX —IRENREN 2D, A MEERCEIM B O
FHH INEEZ VBB N EN TV E T, RO FOAEELO A EHIIL, R es
BEEL CHEALENTZ U VI ERR . 3T LW BT & 5 BUE MR IE SO B S A
TMERE LTHIT o TWETN, REEABICZLIZMEHID Y XA, £ 2T, kit
RECH MBI OB OIEH ZH D720, WHAMEIOT v T a "=V a U EFIH Lz
TTA (triplet—triplet annihilation) RIFENMEHIFHF B L., 2 E CTITER LIS
DHHLMEID ANTF 2R AL E LT, ZOTTARFE ML, —FEEE ORI LD 51K
JSIC X, —EERE AR L TRORICEY £9, SOAEL T, BRI E5T5—
FIAHEL - & ZEHER O 72 O EE R EITITE S L Z EIEBNE 723 13 3D E & T AR
S, —HEREFEZER L= X — 2B ko TWE LT, L, TTIAZIERT
HZLICEV Ko TWemmAX—%2EIR L, AT Z EMNREICZRY | gt k%
W2 BN OEERE R AREEL A2 BB TE X H 1272 9, ZOTTAZFIH L83tk kl |
PR 23R A3 100% % EHL T X 2 @7 U U KM EHOTADFM EL & [6] U < . = EHIADZEH)
NIEFICEE M@ X 2> TOET, LHLARRS, K3-1HIRLEZX DT, 20 =&EIH
DOZEERR, TTAIBFRIIFRRANITFM SN TV D b O D EBRAJICITIARHAE RS L,
7T v IRy 7 AL TWET, ZDT2, T8 AFEE~D T 4 — KX 7 DK
IR TT, £ TCTHEHA, —EHEEBE B IO SEEE FoRMEES L O, ZHEIA
AL 770 5 OTTABRFRC L, B ET A2 u b 2anL HH 2 LIZERLELE, oF
0| BT CORNMNT 21T, K - Fin & b EERE R T A ELE - L TTAZ TR A L C
W5 HDODOPERER M L L WHR 2T 5 2 Lok v, mEREd (A HEELSE 11
EOREHES 2B 2FELZHME LE L, 20D, ZAOTTARAREEL D FE - iEC
UWNTE R B O RIS O BRARSCRS S AT 13, RIS R RAHEELT + 27 LA FRTEFOBR%E
DOFIER 2B N TE D EEZONET,
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LR T RS - s, TEIOSEIASNEFLET

I, | T onms h —EIE-—BIEHRTTAZ
L““*EQ%%%;Q S | FIAL 7 TR L% — B
— N (TT): TTABRE D PRI AE
51 /" I RESTIAE RO Ih 2
TTABTED BRI LY. T4 —F/\wIhES Y )
« T
BIBZENINT LIk, EFERTOERIHEE BT
EX AN EESRETORSBER L BERN (RERTFILF-)
R DB FEERN S HEIEY  TTAZA LI~ S v y
BERMEFOERBRE (BIE) ERRIETES, CEN BIER K (TTAE AL 20

3-11. BEBT TOFNMITIC & 2 @R TTA WROMH & BT HE~D 7 4 — NNy 7 O

O TTABBEZIER L - BtEe T aABELR OB
O-1 s FHBERT

IIE TEMAML SN BEEL S L OER-CREFE RN S . TTARE AR A FEEL A4
BhE LT, A—/LIEARBITHIMOL L PDOLD R — & Z g, d— Lk g IZHIMOL, &+ 7 1
v 7 g (Fhite 7 v~ 7 k&) (ZEBMOL, F&Efg D K—s3> MMZBDO1, A MFEHIBHOL, &
THGERE ICETMOL & Liqd R—E v 7, B EAJEICLiq, BMRIZALZ W& 1I2EH
LMEIZAFLE L, BAMEZELOLEROL TR ET,

ITOX:M/ PDO1:HTMOL/ HTMO1/ EBMO1/ BDO1:BHO1/ Liq:ETMO1/ Liqg/ Al

F 2T, AFULTEMBIORBEMT 2170 F Lz, K312 SRS A MELE I W
72T RCOMELOALFAEEX 2R UE Lo, #ERTICIE, oo, BEoir. X
FLIES3HT (TH-NMR, 13C-NMR) , —¥KIENMRZ3AT9% (H-H COSY, HMQC (Heteronuclear Multiple

Quantum Correlation), HMBC (Heteronuclear Multiple Quantum Correlation)). 7R# 4>
ek (IR) . XHREURE RN 2 f A S b CTRT L & L7,

a0 ety
N o
o e

(b) HTMOL (c¢) EBMOL
() g @@
o 0 F<a
(0 B0 O
SOSaRe e Talnt e
@ )
(d) BDO1 (e) BHO1 (f) ETMOL

3-12  FAITHWTA B OS5y -G
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D2 BMEEHFAAFEELE FORFEEOKE(L

TP, BAEEOREILEZITV. T O 2 TSRS CORIECRRITIC W 2 g
TNEERLE L, FAEIL. FEORERE, N—v o 7T ORERE % 5 21T
Wil l Uk Lz, HEAOEFEREIND ., FENOIT02 Fie T 7 X £ TORREIXITOA
50nmOIFAHEE60 nmfRfE, DFV | SEFHEEHC L TR (ARIEHE TR =
460nm) D A /2. FHJEHSIEME TOMBIEIE35 nfLE, JEFEIEREC LT A /4288 LTV
L EEZ, O TRELEITOE Lz, TORE, FitllrnTH i (A) BMba
KB LOHEHEMOBAND, Kkb#ELERTBETHLI NN L,

(Siifl L7c mIEae s oA TRELSR T OFR TG (1)]
Glass /ITO (50 nm) /1 wt%-PDOL1:HTMO1 (30 nm) /HTMOL (25 nm) /EBMO1 (5 nm)
/3 wt%-BDO1:BHOI (30 nm) /50 wt%-Liq:ETMO1 (35 nm) /Liq (1 nm) /Al (100 nm)

TS (A) OAEELEMEZX3-13IZ R LE LTz, ZORFOINERE R, S
Bha W= BRELOB R KIE TH H5%% KRE R 729. 5% % MR TX E Lz, SbHIZ,
CIEfEEFE X, CIE (0. 130, 0. 148) THiF AICHEF I WVEEZ /R L E LT, HigErE)#
firlE. L1902, 000/, Z DR OEE EFHITHTH0.06VE | EEhR - BHMBE L& FHE
L% L7z, R OBLEN G . BHEEBIT A — VRN R > T\ D 2 ERN g0 £
L7,

B\, W ORI 21T 5 2o D4 & LT, FEEDOBD0LD R—E' > 7
R (FTRRBAEETO TR 2B IBFEERLE Lz, 2D OREZX141Z
RUE LT, Hfb LR AEEUANAOR I, R LIELS, HFhbE< RV ELE, &
72, 68 ZBHOL7Z 1 TR L 72 3B F-BUAAME, BDOL 5 DR NN EER S E LT, FFIC,
R—=/30 R A TN FEL, LT, F—=230 MEBENEL 2213 8HFmITELI 25
BrandH0E Lz, 2F0, AR M ETERINZ—EEE SR EFO TR LF— N0
I R—=" MZZR VX —BET LR85, £LC, F—_v M ECT—HEHHA
JAbL -0 S EIENE 1 2 TR S BN 2 ERRFEMLICORN D Z R F L,

[Lbige D 7= DITERL L 7= F (A HEELE A D]
Glass /ITO (50 nm) /1 wt%-PDO1:HTMO1 (30 nm) /HTMO1 (25 nm) /EBMO1 (5 nm) /
X wt%-BDO1:BHO1 (30 nm) /50wt%-Liq:ETMO1 (35 nm) /Liq (1 nm) /Al (100 nm)

X:

FFHEEB - X=0 (FEEBIIBHOLZ W TERIE LTV D)
(B FHEIEA @« X=3, Hifb L 7o B i)

FTHEIEC : X=25

FTHEED © X=50

FHETEE « X=T5

FAHEYEF  X=100 (G&JEJEIEBDO172 1T TERIES LT D)
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104

102

Current density (mA/cm?2)

104

External quantum efficiency (%)

L/LO

105
104
/"'" 108
7 «
/ £ 10
/ S
g 10t
c
/ 5 yd
/ ‘€ 100
it /
/ 101 /
v i},
10-6 NP EPEPEPEP PP EPEPEPET PR EPEPET BT B 103
> 3 4 5 6 773 104 108 102 101 100 10! 102 103
Voltage (V) Current density (mA/cm?)
(a) J-V % (b) L-J%%%
O —
I /4\ 1.2
/ N 1.0
/ 0.80 /\
A
g 0.60
>
i)
g 0.40
E
0.20 \
0.0 J
0 sl sl il sl sssid i '0'20350 400 450 500 550 600 650
104 103 102 101 _100 101 102 103 Wavelength(nm)
Current density (mA/cm2)
(c) EQE-J #¥i% (d) ELRARY kL
1.1 p 1 4.5
1.0 | 144
0.9 f== {43 _
E H s BN QM' ?/
0.8 furmmtes B~ 428
4 ~—] =
0.7 | 1418
0.6 | 1 4.0
0.5 L

Passed time(hour)

AP ST S U PN S B P ¥
0 1000 2000 3000 4000 5000 6000 7000 8000

(e) E#TERB)FA (1000 cd/m2 X4 — )
3-13 mEEL-EMRTEEHELZT (A) OFHE
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104

105 T T v
—e— 0 Wt% ‘
104 [ ——3wWt% :
102 . —e— 25 wt% .
= —e— 50 Wi%
£ 103 [l —* 75 wi% /
o —— 100 wt%
2 / €
= = 102
> 8
<100 2 pe
S —e— device B:0 wt% ‘€ 100 ;
= (BH513-only) E 3
8 —e— device A:3 Wt% 9
104 —e—device C:25 wt% |] 10 /
—=&— device D:50 wt%
—e— device E:75 wt% 102
—e— Device F:100 wt% f
100 (BD313 only) / /
- e -3
0 1 2 3 4 5 6 7 8 10 104 102 102 101 100 10! 102 103
Voltage (V) Current density (mA/cm2)
(a) J-V 5% (b) L-J 4%
10 T T 1.2
—e— 0 Wt — 0 wt%
—e—3 xég /AH“‘\ —3 vvto/zon
— —e— 25 Wt% / \ 1.0 — 25wt%
S gl ——s0w% '\ —— 50 wi%
~ —— 75 wt% — 75 wWt%
LC>,~ ——100 wt%/ 0.80 — 100 wt%
Q —
2L~ N - A
@ > < 0.60
E 2 / \
2 @
§ 4 7 \ g 0.40
S5 \'\ £ /
g / i 0.20
9]
2 P i S \
i e e —

0.0
/"‘é % s

-0.20

Current density (mA/cm?2)

(c) EQE-J 5t

0
10+ 10% 102 10! 100 10* 102 103 350 400 450 500 550 600 650

Wavelength(nm)
(d) ELRARY kL

1.2

1.0 [......dévice £-.BPOL:100v%

0.8

device A : BDD1-3wt% ]

L/LO

0.6 deviice C : BDO1-25wt%

[ ; (?evice D :gBDOl-SOv{n%
0.4 ' i : :

0.0 L

0.2 \ \ device B | BDOL-0wi%
2| : P :

device F ; BOL{5vith

0 1000 2000 3000 4000 5000 6000 7000 8000

Passed time(hour)

(e) EHEEEB)Fdn

3-14 H#EbLI-SHRFEAKELRT (A &.
tERgE LTHERLE-FRRF (B~F) OAMEL K
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@ BEHELR T DI R DR
@1 B CTORBELORINIBELLORIEFRDOEE
HIERDIEAEEZXS-15ICEEOFE LT, BEBRAEEEICIX, BT 7 = #l
ResiTest8300% FV Y, AHEEL~DEJFR & L TKeithleyftil vV —R2-X Ty —2 = £2400,
AHEELO R 12IE, AR b =27 AR <= L FF ¢ o 350658 PMA-12%
T, PMA-12 TR 2 —BIC L THIE LT= AT MV EFE Sy LT EZ R E L LE L
Too T OOIEETIL, B ZE0~E500 mTE CTHIMNTE 9, ZOWEREZHWT, HHKELSE
F~ORESG OGN BT D 22~ LTz,

FKI7A1\— PMA-12
(FEAIRRERIE)
#HT—

B I
Keithley2400
. (AHELER)

HHEL
Resitest8300
(BHEAHIE)

(a) HITEFOEEE (b) BT ILAEORTF
X 3-15 MEL BlIE %

@2 EHEFTFOLABEEZTFOoOBR L Z eI Xyt X (MEL : magneto-
electroluminescence) JHZ&EDH|E

Bl LS OAELE F & 20 R— 30 MEEZ 2k S8 7= FF A FOMELEHE % [X]
3-16lZ /R L £ L7z, [X3-16 (d) 5. BDO1230%, -OF V. BHO1/Z 1T TR Z TR L 7= 3
TS IEBHOL DR E B TUWET AN, 3 wthll FEBDO1A R—¥ 7 LIZHE A4 Th
5. BDOIDOFRENELND Z ENmnD £ L7z, Lo L., MELZ B2 &, BDO1230%FS & O3
WthDHEFTIX, TORRMEE L TWE L7z, —J7. BDOIZY100 wt%, DF V., N
J& ZBDO1721F THERE L 7eMELIE, KRELS B o BRE L TWDHZ ENGND E LT, D
F 0, BDO1230% & Feifb S 4U72BD01 % 3wt%h K—t > 7 L7=F 1L, MELOZEHE), >F v, 7
IR DR S — BN . TTAZ I U= — EIEGE AR5 R U8 2 R L
TWBHEEZONET, FOZENnD, ZOEMRETFAARELIZ, BHOIA A N FTx v U
THAESETTANE Z D, BFA N ETER S —EEBHE = 3% /LX—723, BDOLIZKEHE)
LTREICESTWEZ g £9, £72, BDO1230%, ->F VW, BHOI7ZT THRIEEMN
TERK S 472581 L BDO172 1) CTHROLE DL S N T- R 1 O @l T O ZEh X, MELAFEDS
EERBEMTADEZ L >TEY ., HOEMNITTAZ N Lz —EBEEFE 2B ST
HEBEZONET, ZOREMREHEERE FORLEIL. AR ML 77X NPEEIZTTAZ =
RCHEEI LT UVMEI TR I TS Z R a0h £ LT,

FZTWIT, BT A EGERE) ST & X OMELEHE A 3-1TIC R LE LT, RFHmiaH
FIZE S TE, EERENC X 2B BRI EDLbTHETCE TWaWnWRTHd Y 7, 20
FERL. WE TE 72T _RCOFBAEE T, MELIZHLRIE T & A EBNENZ L3 h
D E Lz, BELOAILIE. MEIO B LD 7 =0 F ¥ —DORAREIC IR D 2 3%
< BVET, 2O F v —iF, —HEMEFOZRVF—IIELT TIIES, Hox
FIXF—IREBIZH D T P Hxt, FELTIADFRMREETH D (T -T%) TR LTH Y
VI —E LTEEEENRIEFRICEWESBSZONE T, Lo Laenn, MELORRFE(LE
FOBREZL., IRBLITZEE N -T2 e, 2 E TR L T & - HEMARZSHE 2
FET DT VHIROHOEEL LT P H Lt o —EHEFKL B LN =HIH
AL 7 DICHGEE EHUe S1X 2 BBEZ T TR W ERgMhD £ LT,
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ZZTTIMEREZBE T 5720, BEOT 4 VARDEIELE LTz, 7 14 LA JIERK
T3 L ORATIX ., TTAME R ORI E A7 2 [XI3-1812 /R L E L7z, B i OB, 1 mA/cm?
DEPCE LIRS T DUV A EIES. 6 VTIE, TTMESEI1X16. 0%, [FARIZ10 mA/cm® (4.4 V)
T26. 1%, 500 mA/cm® (9.5 V) T3L. 2%DTTMEERZ /R L, & HICEREENEMT 51T L,
SF 0 ZHEBER FEENENT 51E ETTMER BN AN S 6k Lz, [X3-
19121%, L &L DI LTS TROZTIMEROBSGIRGEE 2 /R L E Lz, ZOEBEMR
BREN T CTOTTMER OB ERFNEIL, 2 E THRET L CE IR0 51, B aihsy
ZLUEETY— 2 %Ly, PaBEER T ain L R UITTMER AR L, S 5I2EDT %
ETRLTWE LTz, Lo L, TIMEROBEIGIREERAFEIL, BRI O > TS
DITHIINT A 2R UE Lz, ZhuE, B5H COBEMELO R R E MR D43 Bz F 0
T, ZHVE THRE SIVTR D > T REFIE 2 + 0 TG T A B A2 7RI L T D £ B %
SINET, EAEMEIL, TTARFEER UL ~A 7 e OMER CRITLIBRTHD Z Lo
By T A VARTICE ENDTTAEFRZ X Dy EREFRERE I L Dy &2 0B L. @Y7
RN RA BT DLERD D EEZXTOET, BIE, TIMEEORIGRE KT LU0
T FITHTDTTIMEROE N ZFHIIL CTWD E ZATHY . Z DRSS 2 AW -t T,
FEPEREZR R 7 CIIMELIZ X3 2 BN IEF 12D 70 < TIMESEDZA L & L THIL Z fiffT
TXDHEEMRH DL ENTND LT,
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Magneto-electroluminescence [%)]
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