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Review on organic polymer/inorganic semiconductor hybrid solar cell
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(School of Science, Hebei University of Science and Technology, Shijiazhuang Hebei 050018, China)

Abstract ; Organic polymer/inorganic semiconductor hybrid solar cell has becoming a research hotspot because of its high theo-
retical efficiency. Hybrid solar cell combines the advantages of semiconducting polymer and inorganic semiconductor nanomate-
rials. The background, composition and working mechanism of hybrid solar cell are introduced in this paper. The development
of hybrid solar cell is discussed from the points of semiconducting polymer material, inorganic semiconductor material and phase

interface modification. At last, a perspective on the future development of hybrid solar cell is also discussed.
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(D-A) R E#HAT 08 BT ar A BR ¥ 0K B 5 5 45 51 B9 TR B3k D-A F v A vk = 2 &
BT B mBERBRKES . HE YU S8R0 T — R R RS EE K 4 bR R Z R b RHR
A TRAEALE B GOR R R E R RN T -2 AR AL 328 T 20 B RN . X R 2 M 48 45 1
NG PR RMZ AR FEmREMRT 2 M@l #eE TmsE XER—-fREETRe. kR
FREESEMBERT T TR0 B KRR T 8 T 2680, A AR R b R R TER
TR, H SRR A Y/ BT A A HLE K B At o B R T . AT A AL & WA R R B AR E
Z RE Y ER R ARG TR RAR . A -2 AR BT LA 0 B R B e SR B R R T A ALK B
MR HE— SR

2002 4, ALIVISATOS %8 W IRIE T RERHHE N L T ¥ IR S/ TV SRR B Rk
K B R TP RE T A BL/ TE WL 2% A6 K B R Tt Chybrid solar cell, @ #% HSCOYFr ™ . HSC %58 T HHL¥ T
A kLGB LR R A YD MTHLAE SPGB PR, AL SR GOR A R R A R4 i B0 %
S RE 7 T ELAE ARG B AR R T S B 2R T LA AL AR T A VLR & Wk R B A O
AR Bl R A2 P BB 4 LURCR & SR B A2 18 1 45 X0 HOG 2 R 1 L Al 2 R L SRR R AT A
. Ga 2 MR R  HSC HBRBEEMR AR, T FEMEN B T ZERFUT A
TN ZZ BB o8 P TR AL R s ALk S A0p Rt o AT U= A b A O 717 5 ALk SR 90K R T
FNFITEAR B BCAE 2251 72 BT 181 Bt 59 981 5 70 48 KO S T g 8T 5 TE AL 82 7 A T A DRl K O A 3R
T EmB AV SR ARERER T 5Z5EF MR G 3R, 45 RN 0R Z [8 AT LS 2 A 250 H A 4 s
— S TR T A ) W B R T AT BEAT RRY , e A AL SR R MR EA R R BUE B AOR G, T
BRI R LA B RN . B A B/ TEAL A AR B e O B2 SR AT ST A B

1 BH/EMEALKBEREEN . TIERE

1.1 KPHEMZEN

HSC 4544 R AL 8 B PR F 3t 59 25 A4 A AL, A [ B9 2 F TC AL L 7 2 AR B BN T A HL A 7 32 4R 41
PCBM (B2 H Ath & 8 i AT 429D . HSC dotBAR e UR M JE IR H AL, JeBAM A B 15 2 & B i &AL
YIE,BE HRGEAYATO) HBIREL SnO, (FTO) , 1 H & i Y& f MR E & e A s F 5
Z 7GR BAE R R Z AR BTRL AR TR WO T, 7 A A0 R B T 5 6 PR AR A RLE WA 8RB R
FEEE . EHEIER BBEF R ZE SR T, & BCBUR A & T ZRA 0 HSC, E2A D-A MZ4H
¥ HSC.D-A R& 45t HSC.D-A F P41 HSCCH A D NGB EMBL A NZEMED . B 12 3 HSCH
S,

G

a)D-A SR 254 2% b i b)D-A iR A& G5 M 24 L i i c)D-A AP Lt 2L it

A1 AH/RAHRAKTE G L HE

Fig.1 Schematic configuration of hybrid solar cells

1.2 KPHit TIERE

AL/ ToHLA A K PR F 3t 32 B2 D RE R RO A e R, B PR RIALEE E B iy 4 P RA R RBOE T
BTy RO E BR T AR SEE. BRESUERaYREMBRIEER N h BET B HR T AR
B B4 T3 (HOMO) BRE B R KR o5 48 43 F 8L (LUMO) P2 A 7 (L 25 D) B F R R 48—
&R 0.2~0.5 eV REWFIEWRBEREERN T I DA REHTEANE, =EEEFT(E705
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AT . REWHEKRRKN LUMO SR ZE 1
T ZRFHREZ (CB)E 0.3 eV, B FIHEAER
R EIK S 15 T RS W4 KRR HOMO BERE I
THZ AR B3 (VB BEH = RIEB 71 D-A &
ER B . A MR TR ES R e Wik
HOMO FTHLZ & CB fE% Z 2 MIE 1, H I 25
AT LA 20 B Bk B TF B LR . 4B £ St
BT M= BT BB AR mZEET. BT @®ER; OBF
SRBABRARE, EEARBEATANE g e
i 2 X0 1L LA 5 B 2 P T A il 3 B AR AT PR Fig. 2 Schematic configuration of hybrid
25 7 0 R AT o OB 7 A o I Y olar cell working mechaniom
SR PR AN P AR R E A, B AR W, A
B/ TERL A=A A BH e ot TAEPLE LA 2,
1.3 KXPHRBHFESH
RE B AR (PCE) BRI KRR — N EES K, E_R B A B RS AR LE.
PCE A (DR

PCE=P,,/P;, =] X Vo X Fs/P;; X100%, D

K :Pn ARKINES; Pu AASHOLIE R AM 1.5

G,%E R 1000 W/m®, B3 AL T 25 CBf A tHn A BE

BOGHEB); J BB E; V. W BB E; Fr A
HARTF. Fr B P, 5 J M V. BRI, ATRRH

Fe=P,/(J.XVo), )

Bl 3 R e fb R M S 5O A TR R %

FE-REJ-RIEXRMZ%.
HhEFROR(EQE) A4 B A FF 5 K T I /oL
AR THE AT AR, B2 R AR K P A s

K75 - ERZH. EQE AIRER B3 mALLEASTRAEALAMEY
EQE=U.Q) /&) /(P Q) /(he/2)) =T (A he/Pi, (M) e, BATE B ERIEL A YL
3 Fig. 3 Current density-voltage characteristics of a
RKH A HBEK e ATUHEM ;A HEBHREER;c FE typical hybrid solar cell in the dark or with
BT REHE. illumination

2 B/ FH KPR B it A

ZRAL K B B G AR R B X B R B B R EEAEA
2.1 ke

AR B9 YRR S W 45 1R A4 BB R B S R A P A L IR BB D 5 L = NE S R | & S B9 HOMO-
LUMO fB 4™ 24 45 , P A7 B K/ HOMO 5 LUMO fE R B Rk @k SR AW L R EE
B2 3 AR KR M E R P B P e . R BEDEIE R RO Tl B BB Ky 700 nm, X7 9 72 7 B AE B
AN L.77 eVe BRAHFHKPHEE, o S0 R G Y 9 BB 5 N B 35 205 RNE £0 508 5 40 K FH 6 3 T8 i
REBRIOCTHEE; BN FRUREYRBOLRABBEEZWB N M EEZRR. HERMKK HOMO &
FHE ERERBER Vo MR IREF MR EY HOMO BBR M ESRAFRERE,  mREREER, B2
R Voo 75N FSHREY LUMO BERE R THHF FEZ AR S D GRESR 0.3 eV, Wi 7=
RIS B ARIE —F Z B AT AR . NG B A RE FEARGYERSHEREFE
H RS HRARIT R G X ME ST XAMN TR EERUR Y H &L .

1977 4, R E R 2= K HEEGER,MACDIARMID # H AR 2K B/ E B p-B RO R LIEPVOH
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SFMHEARMNSRE IR TAINRE S FAREN B AG, BAEENA 2R, BIE
SFUREGYARMEE KPPV H RN FHILTE RS Y Rt (PPy) IR A (PAn) (R 24 E IR
e (PVK)) R % (PF) REATAY S B BEN (PTh %, @itttk SHEREY, vl 0T8I 25 %
MEERALE IR\ 5 KGR R B, NI 32 M 22 RPHE i 9 &k %8 . PTh % PR 1R 25, BE W 36 3-SR B
RECHEMRE., EMRREYUL-BEAGERAFEHE BARBEBER, A THRR FHEHD . B
WAFRABBACEE T # PTh 40 PSMT R B R BEK) . PSHT (RO W) \P3OT (R ¥ HBEM) % JL k%K.
DIXIT %5423 i) P3HT/CdSe/ZnS #5% & F 8 2« L K PH i i B B 55 3 A T 5. 1%, {2 P3MT #
P30T 5 AL SR 32 (R b RHH ALY 2446 K BH HL 3 BE B S5 e sk R AR | . AR, 5 F PSHT &4 K
4 Z A6 A BH B Tt B RCR AR B TN, E Rl T PIHT 8RR ZEH 58 B BRI 7 H 0 KRB k. H
B AR 55 B 10 3 0 B B 3 2 7 B R SR R A 1) 25 AR b B | In B T 3R IR — M ey (CPDD) 12 R G
Y, CPDT 52510025 , 2 A BEWY B IT 45 & 3F dh FL A B [ 5 » 3X b 4 3L 1 45 4 T 9 1R 2L 40 B L F# I HO-
MO-LUMO g B4R 3384 FIRIA EAE I, ZHU 2% 4 K858 CPDT F1 52 (KB T JF e — e 45 4,
AT RL2,6-(4,4-2(2-Z 3 B #)-4H-3F L [2,1-b;3,4-b' ] BEMD) -alt-4,7-(2,1, 3-F I #E — ) J(PCP-
DTBT),2 N~ & CEBAEM PCPDTBT 5 FA VLA, i A% Wi+ 5 % HOMO F1 LUMO 4351
H—5.3 eV H—3.57 eV, ERBRI A EFET TEL N 1.4 eV, BUAE J758 H R BOEIE T, B FEB R
B R AL SR A WA BT . DAYAL %438 T PCPDTBT/CdSe & & 44 2K 454 %44k A BH & 3t , B
FEF B B M 7E 350~800 nm JEE N AME TR KT 30%,630~720 nm LB A& KA E TR N 50%, B
It BB B A sl Rk F] 3. 135600,
WL RUEREWIEEHILE 4,

\_Q\A/W

MEH-PPV
MDMO-PPV PCPDTBT

B4 FRAXFHRREHLFEHN

Fig. 4 Chemical structures of commonly used semiconductive polymers

2.2 ZHEHH

AHUKFHE M, LA PSHT 5 & 8607 4= 9 20 5 o 45 1A 0 32 7R 4 L AT DA 3R A% be e AR A9 e o BB, (B
3R — g R RREERY, e A BR AR SR B 22 5% . AL E SEHRMBREE BN EDE RAE
BL/ TEHLFAL R BRI A S iR B AR . ToHLE ARG K b kL AT 58 it % 44 oK L 1 4 38 R84 R 98 15 7
BRRNEE Il A R AOK 5H0  B s s MR e . EALK SRR EL T B PR AN A 5B A 4%
ARCsss) SRR LAV R M SR E AT . BR T H B AL SRR R R SH T 40 B R R T
P45 . XIANG %z FIZL % Bz R B iR o A7 T AL Z R B s 75500, R B T 5 ¥ AR &Y
P3HT A VT e /9 3AR TCHL 32 (A b AR R0 o Ryt Ak 2% 4k A BH oL St i 38, S S0 R SE B Vo R T . [ B 386 o, 52
PR 57 09 06 R WOR &5 B9 T o » AL T A b RL B8 77 58 BE 06 255 K FH D6 1% UE T, T WL 52 1A b1 R 2577 58 B A
L5 eV, BERRIEHEN 5K SHREGYILE ., BT V.5 RS P XA LW REY B K, BT AT 51K
ZEME W RG R B EERBE RN Ve, I, THEREZEM R Ve BRI & B ESERE
YIH) HOMO R84 0.3 eV, Z“H ZEMRER Z T WM F- 2 7 0 B . Mk BTN IR Z (K6 R BT, B
B IRBA R AR Y HREY . Bl TR B RS BT E B R, R IR S AR R
FETERESE.

THLZ AR R 2R £, B B BT BF 58 B9 M RH42 45 78 257 2 Rk 45 8, 40 1T — VI (CdSe, CdS, CdTe,
ZnSe) , IV — VI (PbS,PbSe,PbTe), [ — V (InP, InAs)¥42 ; G52k & {h 4 2% Rk .35 TiO,,Sn0,,CeO, F
ZnO" I PL K S &6 SE JLAE R, 78 278 B/ T 2% Ak A BH Fe 3t M B 5 i RO 4GB TR £, 28R TR 7E X L
FEYOR M EIE SR AR AR INFTLES —f N TR —REH T N —43 =4,
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TR BROR T RGO B 3 B, il & TR, —REB KRBT 5ERERESWILE
il & A2 b B . LI 484 P3HT-DOPO £:4% 3] ZnO 44K ki | , #l4 A9 PSHT-DOPO/ZnO %4k K FH L 3t 3%
ALK 0.077 %7, GREENHAM %84 CdSe BRR 8 F 45 1 A3 MEH-PPV 78%] MEH-PPV/CdSe X FHHL
i, %4 CdSe ff & HATF 90 %0 ht, AME FRUR AT 35 10 %6 LA E L, (H i i BB B B RARMK, A0 0. 1 %659, ek
REW 5T RGBT 220 KBt B A B e B 5 80R, R HEE T X E KRR T 5
K PR A YR E E AN, AT B RN LT RGBT R BT R Bk R I R HERE, 5 R AR
TR F 155, A F T E % i B0 AR, ™ 25 5 0 R o PR RE .

— YRR ER BEAR T TR G KA R 3R T AR OR T EROE UKL, A — 4k 77 1] b4 BE R FERIE 5
PLEEFTURE T A B ZASRERAEEMR, XUETH T EHTE, RS HRMME, RU-
ANKHAM %5 H A T ZnO 442K /P3HT #l ZnO 44K Bk /P3HT B KRR , & BG4 KB H 44 K 50k &
HAE R T Z AR TR BEAEDY . OLSON %4 CdSe 44K i 5 PSHT LR, f AR K 1. 8 %5, CE-
LIK %% CdSe 4k 5 PCPDTBT iR , il £ A9 22 16 o s sk 335 3] 3.5 %65, 2 244k K BH H Mt RE L 5%
BB RARAR =, SR B R X P 2R A & O 2 R BOR M- AL AR TS B — S AH B8 3B 1 05 55 18] W 45, B fif
&5 B AR M 3T, BRI T 2B RAL IOL AP R A 0 &8 BIC AL B T 8 5

HTH—HREGEMEE AT EHRREY/ B F VLR ES 2bmt., FRARKSZTET
P3HT/ZnO 44K £F 4k Z 46 A FH B 1t o B W30 2R 23 B o4 0. 53 %611 0. 51 %6545, XT S5 BF5% T 38 M}y /CdS 44
KAEH FREF 2240 A BH B it , B i3 R HA 0. 38%7%, TAKANEZAWA Z 44 72k S R4 /PCBM/
ZnO FKBERES) K FH . BF R R A E T ZnO 49 K 51 M B3R E 7 2. 7%07, Hoh, F %
PEDOT :PSS/CdSe 44k F ¥ 45 .PSHT/CdSe 4 K8 H ¥ 5] 24k K FHE MM PORE R F 55 5E 7
MR E WY LAY 2% A6 K BH F 3t A AH SR HRGE TS . SR L 28 P 4R 45 4 A 2 AL Lt O S R R AN o L JR
B AT BB A2 TC ML T AR 40Ok A1 R A B D6 1S 5 — , R BB A B (FE28 4 2k K40 ZnO H TiO, {XEE RSN E
W, CdS F1 CdSe 7£ 7T WIEH WO , AN BEFE 4 FIFH K

B3 W BT — i 7 4 O B R O PHARCR ] — A — R = A R AR G (o B R R
Yy /78 B ALK SRR /0T — 22k RS, 7 — 2 n- R R R F B e aE - EARSHTIE SR
GOK & AR R OCEON L R G TR — 2 p- B MR G (K PSHT) IR AE 25 7% Hi kA B F0 0% I Wbt
B, XFEMBEHEAUTILERTE: —& p B o B R R ETB R pn SRS DURE LA B TE
FHE B BE; RRA—BESTEINE T A -2 O AT TR 48K 5 4 B R AH 4B Y p-TY
oo F B BME R, AT AT ARSI 2 A JL %, HAO %4138 T P3HT/CdSe/Zn0 % 3 4 K # B 51 4 FH
B, oA B RS BB R T 3K 0. 88 %™, 5 2 Al P3SMT/CdSe/TiO, HMAH LT M REH T - M HEHR. X
EHTAEFRHARCESEW B SERETERWAEER, KRS THMFSBERE, EEE,
HAO %452 F CdS 9Kk &0 CdSe 44K &, ZnO K ERE ZnO gk, 58 T PSHT/CAS/ZnO #7%
YR E SRR E M, M REFHT 1.28%", ZnO Yk EEAE R EE @A, 7T LB ELH CdS 4
K i o 3R BT T LA BR 5 R A R ORI, T LA A B A 43 S SRR TR K B LI, Y B AR IR TE Z A RUEE
BEMT IR = A PERE . FEJSIF T A G2 LA ZnO 94K [ ) A A R0, 5 8 - R S i il 46 19 THO, LB 7E ZnO
kR E Y R TiO./ZnO 51, SR J5 #E17 BR i 1 75 2] TiO. 99K B FEF , ¥ 1M 4 T LA PSHT/CdS/TiO;
W7 40 K 8 [ 51 Ry 5 BR AR A A BH R b, B B SCR AT 3K 1. 16 %7, 5§ TiO, 44k @A, — 4 TiO, gk &
B A, IR T OB AT B . A, L PSHT/CAS/TiO, /ZnO 2 3% FH #% #9 A FH B 3% R A
1. 77%" X W fE & TiO, 5 ZnO Z A A A nn+ F 458 — & B9 REHF & Bk , AT B F 1T LA TiO;
R AL 4 B ZnO 99K T 4 mi AR MCBR 8 v . T ISR 3R, 9 T 0 35 Pl T P B

&l 5 4 SCHkIRE # A9 PSHT/CAS/ZnO il PSHT/CAS/TiO, 7244 K & [ 51 K FH e 1 % FH AR 45 M n
B, 2R PH E Tt B T8 T R b A MR Y R, USRI T oA L T AE TC AL TR G K A R R Y TR b A
BERBBNMEARMBE LS HbH & T Z0#E -SRI ETXME-EASEWH KRR EE
KRB ESNREERRIE.

R 1A —LET CdS T AR B —E BTG AL RIS 8, T A IS fE AM
1.5 G,100 mW/cm® S F #1T.
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Fig.5 Schematic configuration of core-shell nanotube array solar cell anode

k1 —2AFTCdEREHBRMAG — R T EMRAKE SRk AK
Tab.1 Some performance parameters of one-dimensional core-shell structure

hybrid solar cells based on Cd compounds nanomaterials

HL T 5 1 4 HERT/% A/ % SEXMT 5
FTO/TiO;NR/ CdSe/P3HT/Au 2012 4 46 0.48 [73]
FTO/TiO;NR/CdS//CdSe/P3HT/Ag 2013 4 45 0.57 [74]
ITO/ZnONR/CdS/MEH-PPV/Au 2013 4 34. 40 1.23 [75]
ITO/ZnONW/CdS//CdSe/P3HT/Au 2013 4 51.8 1.50 [76]

3 AH/ZNEREENR

A AL/ TCHUAR 5T P RE X 2R 40 R R B i 2 R A E R WA AR A T TR A B/ TC AL AR SR T RE R A AL
Ho oy B R R A L MR RE A B D R . Al MR TR A ML/ TOHUAR B A T AU A LS TOHL 2 AR AL R R 2
5P EPIAER BT B R e, W E DT A R A RE R E A R B S BR T RN RS YR
WRITHLE AR BT S RXEETE, ¥R E M. SCRIRGE BT 2 &8 E, Ve i, B AT E
WA RS RE V. AL/ THLBAHZ T B G  PIAR R WA E 2%, BT E A R A 05,
M T HF 557X E A LR 5580, ToHL S b k3 1 77 76 B B, 35 25 5 BE X B 7 B IR SR 9
FHILRE ST, AH T o FETHLA FARPORL AP R . P A — S8 1 550 48 1 TEHIL = (AR ek AT Dk 2 32 ThT s
B 32 5 o T AR ORTS . B LA e T A b R SR T T R R LR R A LIRS T LA L 6.

o~ L.
%‘sﬁ“"’; - L -
| h
CH, %W s, i i,
3 o, i -
Hs:; H,C CH; i Wj i
™ Fo
N, RN
N U % d
s £ 5 £ E E
\ E*sﬁ"‘hﬂw{mqw,j I MR <
H,N \\ l Y .
N S / — ,}’ﬁg m;d‘; ,M ¥ i H
N & N N0 o
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T HO ™0
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AMBIm TBP D149 7907

B 6 LA ALK S EAER @SR

Fig.6 Commonly used phase interface modifiers of hybrid solar cell
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BALIS 2545 2-8 2 -1-F E R 0Kk (AMBIm) %% 78 PSHT #, B 53 IESC AMBIm B9 523 0K i 5 6E
REFRAE CdS.iRF T B HL K, 12 Y me-TiO,/CdS/P3SHT &b MR A A 35 0. 8706 +0. 1306, AL T X I H
MAAFHEREE . LIAO FH 5T 2907 f1 D149 B Fp A LY R4 T3F TiO, 4% 451 [ 5 /P3HT 2%
PO FH L T 8CR E R  BF TR L 2 R R F 3 AT REAR TiO, 4hoKBR i Ty bR B0, 32 5 T 2% oL I 5 BT
BekLor 1B T 0 EE LA TR SN, EAE TiO, gk#E/PSHT MA W HREEZ/EM. 2907 A1 D149 Zekt
ST AFE PSHT 5 TiO, Z [E#H T — N8 H R R, T BB 7 A0 i it 7 o S A 4k, Rk
RE TR BEBCRAE T F A, HA D149 B i 22 40 K FH s MR /b 3. 1206, ABDULALMOHSIN
SEHE Y (4RI 1k (TCPP) AL TE ZnO GIK R, BF 58 T TCPP X 2% 4L it M 3R A9 ™ . npoik
I T WML .72 PSHT 5 ZnO Z [a]# {F BB AR 52 , i o 776 7 WAL & i 21 ZnO B9 H T HHECE, i
HREER. SREMH ZoO IREAMH L B E R ZnO 99K L/PSHT R MREREH T 0.09%,
HSU 85 T 48 T 2k (TBP) X D149 My TiO, 91oKiE/PSHT ¢4 i MR iy At . B8] 43
Bz AL PTG SR R A . & TBP A3 59 D149 B i Ay TiO, 5 P3HT F i 4b Ye 8 77
ERME & RN, TBP BANARIR T i 26 E R, i BB M T 3056, 18 4 #) TBP 4bBK e fbre
WEEs Lo8YWIRMEB T 1.83% . ETFTU LR BWHRMMABET MHAEESHHESE, AR
THABEER, BRLE AT LR T RGOSR R DR RV REAR R ESEREREY
RERMBE AICH . MAh B ETYESEPNKE GESUERGYZ R T — & SR BHETR,
T $5E 755 L 76 9 P i R

4 B E

AL/ TEHLAAC K FH L S B AL SRR 5 R RS W E BA U TR THAOR MR REA
B R G R T A AR 5 AT o A R O AL AN KA AR R RORE T B DR /NI T LA B R T 9 T A R G IR B T 5
FREEEYEARRNZ RS . RMBAFEEAN R ZAL, EFR by T 6 A A BB 72 K B Dt % ik
RO RO 5 R BN IE T B 73 B 2RI R A7 20 1 A i 5 W 8 R A B HL/ TE ML AR 5 T 1k B 22 45
RIRE . B B BTN Lk 24 R PH R b A S8R AR AR AR O T — 25 A2 A 2% Al R B o 3tk A 2 J L TT AL AR LA
T T HL AT AL .

— & T35 K FH 6 U BC A G AR AR, 5 R BE O B R AR

TRERBT R AT Bk g i/ 3 AR R B BE RS L [ B T RE Y BB S R g | b AT A AL
B BRBIRMAET RS PR EMZEEAKRE S MG E-ZEF @R &R EMZEEE RS,
B on AR 5 T T AR ZE TC AL SR K b BB X A RO T B A 5 5 A o B R v T A E L o e 7
&4, X RN SUTT SEBR R AT B9 50 B 5 iR RE SRR A R fr A S A e

ZRRM—GAF TN T ARGk G5, S A7 5% S A £ B AR T AT AR L A B R 3 L
TE—HEGEAFEA b, i BRE— 4B/ SOR A5 CHL INAKBL T 40K VR K ) REA S TR =
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