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Research on CdTe-coated TiO, core-shell nanorod ordered

arrays and P3HT hybrid solar cell

SUN Shuo, LI Yingpin, SUN Bao, FAN Longxue, WANG Shangxin, PEI Juan, HAO Yanzhong
(School of Science, Hebei University of Science and Technology, Shijiazhuang Hebei 050018, China)

Abstract : Ordered rutile TiO, nanorod arrays are prepared on fluorine doped transparent conductive glass (FTO) by hydro-
thermal method. CdTe-coated TiO, core-shell nanorod arrays(CdTe/TiO,) are fabricated by electrodepositing CdTe nanoparti-
cles on the TiO, nanorods array. A composite structure of poly(3-hexylthiophene) (P3HT) coated CdTe/TiO; core-shell nano-
rod arrays(P3SHT/CdTe/TiO,) is formed after P3HT in chlorobenzene solution is spin-coated onto the CdTe/TiO; core-shell
nanorod arrays. The hybrid solar cell is wade with the PSHT/CdTe/TiO, core-shell nanorod array composite nanostructure
film and Au film sputtered on the composite film., The energy conversion efficiency is up to 0. 91% by using the designed hybrid

solar cell.
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A TR 170 R0 — A 54 ) TR0 R, A B el M K PH BB AL T (O L B R AR D L B R B
458 AL TR R B0 BRI T A AR AL T 3RS W A 0 IR SO BE B TE ML HIL A% A K B R, S
EAERBFFRET o B H K FH R B LR SRR SRR A L R EREGYIR A TR,
X T P 1R 45 1 {6 49 3R 20 06 AR R 7 A B A Bk T o AR B9 BB AR kAR, PR T I S 2 AE K B R M A T
MELUGBE RV FE A . LR, B H I E R A — 90K A 5 B 5 R 7 900k &R, fE 4k 78
R e R T ARG [R] ik, S 436 W T30 |0 W -2 PR i AR DR e A e AT RO AR R SR U P 0 T B L AT R R Dt R
e, BOL.EEBIHE T %A F R TH-A IR KRERCTE LR (AT ¥ SR —4
WK R 5 S TR DTARAR A5 20 SR R LR A SR p BVAHLE RO B T RAL-A L
ZRACBAL R B, BUR T B BRICR . BESE A BRI B0 iy T LA AL — 4B 3 40 oK 854 0 e Tl R )2
il T 2 ES AL KHE M, 45 PSHT @ CdS/CdSe/TiO, 5241k E S f PSHT ©& CdSe/
TiO, B GIRBEES] A0 L TRA B F B Z 1 PSHT/TIO, Z 4k K FH 3 I 78 2570 2k R K B 1
FEESH — 4B PP M 51 ) 2% A0 K P v 1 BB B B B S R AR AR T 4R = (0 i 0. 030 4R 2 0. 4806, 1 0. 220048
F B 0579601 AR A R L BB R 45 4 45 R RN A K B L Y P BB B 07, CdTe
B SRR (A 1.5 e V) RO BT, 5 K PRI DT A%, ] CdTe fE R n BT S KM B A
B8 4 1R K BH B 3t B Ot L B e R

ALK R FIK Pkl & e 4 A B TiO, KBS, 78 TiO, 9K 3] E YT CdTe 44K 4 AL
CdTe/TiO, e XGRS, R )5 H PSHT B &R W e ik 8 CdTe/TiO, 78 #% X 49 K [ 51 144 i
P3HT/CdTe/TiO, 5e %X 4K (45, B Ja 6 TS 7 IR S IE R Au AR Au-P3HT/CdTe/TiO; e
A P 51 A K FH B 3, BIF S T 322 AR A0 K BH B Tt Y DG FL TR BE

1 SRBES

1.1 RKAE5ME

K, TeO; « H,O; B =2 =8 K &Y, PSHT,PEDOT/PSS, 8kER T B , 52 5 FH /K # 9 ZRZ& 18K 5
HoA R ¥R o3 A ol R G ik — 2 alifh

CHI-660D Hfb2 TAEu (B REMN SR AR A AR AL ; SBC-12 B 7 AHX (b5t B RHMUR 5 A R
AFERME) ;INL-16G 1 000 ‘CEXP QEH A FE AR A A RMED ; ZF-3 HElR X (LI ER FREA
RAFRAD ; KW-AA GBI EEER B FREA RA B A ; WDG30 Sul & @ 4 (b5 067 4X
#r ) RAD ; CHF-XQ & 5 EGIR RS (L% IR RH A BRA Al #2440 5 263-A H {2 T4 (32 E Elmer Per-
kin A &2 HE) S-4800 B & 53539 H# B 45 (FESEM, 10.0 kV, B4 HITACHI 2 &4 4t) ; D/MAX-2500 X
SR ATEHY (H 4% Rigaku A &]424E) ; TV Test Station 2000AAA K FH eIt -V 1K 2 55 (£ H B 6 RHE 24 7
A .

1.2 ZWEE
1.2.1 TiO, 4KREEH FF 451 %

TiO, Yk EEH FF M5 2 iE 7k il & 19, BAR 7 3: WS 28 SCIRL13 ] 8 45 mL ¥R FR A 45 mL 7818
KIBABA) L FESERE I 1.5 mL A94KER T R BIA E A FTO MK # &, 7 150 'CF I 20 h 5,8
I ZE K ph ok INEAE] 450 CHBEE 1 h, BIRT B B &4 AR TiO, JikiER F S,

1.2.2 CdTe/TiO, —4H F %75 451 1l %

CdTe/TiO, —4H Fp 1% 50 45 14 2 18 5 o Ak 22 TUAR R 1 4 19, B 7 ¥ WL 225 Xk 14 ] 7E 50 mmol/L
H=ZR= 5K EY .5 mmol/L K, TeO; & 20 mmol/L ZER & KV W . LA TiO, 4iKEH 55
o AR AR A B AR R X B AR R AR S e s AR ) = AR R R AE — 1. 10 VXA H SR B k) T E &
UL FE B E (1. 5,2,2.5,3 h), 78 340 ‘CBEE 1 h, #l75 CdTe @A TiO, e —4H FHRELH
43 BFR K CdTe(1. 5 h)/TiO,,CdTe(2 h)/TiO,,CdTe(2. 5 h)/Ti0O,,CdTe(3 h)/TiO,,

1.2.3 P3HT/CdTe/TiO, —4G F 175 &M B H %

¥ PSHT BLAR 15 mg/mL KSR LB 20 pL N3] CdTe/ TiO, —4EH F#FE 45 (CdTe (2 h)/TiO,,

CdTe (2.5 h)/TiO,) k,F 3 500 r/min & FHEWR 50 s, ZJFBETRIIAF, T 150 ‘CiBk 1 h, & P3HT 4
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B CdTe /TiO, —%H B354 M %R P3HT/CdTe (2 h)/TiO, ,P3HT/CdTe (2.5 h) /TiO, ,
1.2.4 L MbZH%E

¥ PEDOT/PSS Hy/K W (R E20%h 1.3%) % 20 pL Mm% PSHT/CdTe/TiO, —4 K F i E R
KRS F,F 90 CFHE 0.5 h, #1484 PEDOT/PSS/P3HT/CdTe(2 h) /TiO, 4K G H 4,

¥ P3HT/CdTe/TiO, — 4K FH AL WE T/NE TG H,9 mA BE4 1 000 s, #l8 Au-P3HT/
CdTe(2 h)/TiO, ,Au-P3HT/CdTe(2. 5 h)/TiO, K5 E 4 W,

W O IR 4 IR A 4 55 TR A5 59 90 0K S5 1 52 5 VTR R R e e A A A R FH FL T
1.2.5 FRAES5WK

K S-4800 24 & 51 3749 i B 85 (SEMD WLEEAE i B 3 A0 RT s R Al D/MAX-2500 X 5t £ A7 59 43046 10 A
)R E, BT UR R Cu $8,1=0. 154 18 nm, ZESL ALK 4, 68 B CHF-XQ & % E IR, @ i
WDG30 F6 i B8 AN K L 3 3 Ry B Y6 VB L (8 263-A B k2 T4 3l % % B A% 3 4T Y6 o AL 22 R 5%, BT Fi B iR
WA 0.1 mol/L Bi&ALH i) ZBERE W EK 0. 1 mol/L B FKEWR, TS i AR H REHk. KA
EZEARHBEM FV IR G N AR O RERADE R BES T LR, Wiket, bl FTO
A P3HT/CdTe/TiO, JTEHE , itk A FTO, IEHK R4 A .

2 HR5HE

Bl 1 AR —4H 7 HRBES R SEM B, MWE 1 ) 0] LUE K ok il £ 59 /s gk i,
HAY 80 nm, W5, A HRE . EHERG. NE1AE L1 OFILIEH,. VI 2 h #) CdTe ERHE
BLAR , BOBL K /N2y R 20 nm, JE LAY CdTe/ TiO, e & MIRAR N —4A P, HE 4R 120 nm, 5 TiO,
YikEE RN, CdTe ZZEREEA R K 20 nm,CdTe/TiO, B& B, B A B Z B FLER ., PSHT jig
BE NEABECRE1DS5E 1 X H) . PSHT/CdTe/TiO, H CdTe/TiO, FHE#H6E ,CdTe Bk 7 FRAL
BB — 2R PSHT; MUEE CHE 1 o 5E 1 Xt ), Gk R4S H , B [H 4 5748 /N, IE# PSHT &
BAREFNZH,

T

a)TiO, AR HEFEF i T 48 b) CdTe(2 h)/TiO, i) T i Kl 14 ¢)CdTe(2 hy/TiO, f# 1 1%

d)P3HT/CdTe(2 h)/ TiO, i) T i E £ e) P3HT/CdTe(2 h)/TiO, #)#: i &4

Bl FRAZH—%AFHKES 4 SEM A

Fig.1 SEM images of different one-dimensional ordered arrays

& 2 ) CdTe(2 h)/TiO, KXY KBS H XRD & F EDS # &, M XRD & &7 LUE BFE R
CdTe/TiO,-FTO 7£ 23.9°,24. 6°,36. 2°,37.9°,39. 5°,46. 6°,51. 6°,61. 7°,62. 9°,65. 6°Ab H fi gt & . = BBH5
HEFE B : SnO, (00-041-1445) , Rutile-TiO, (01-072-4813) ,CdTe(01-070-8041) , X} XRD & & #1740 #7. HER
SnO, 175tk . 24. 6°,37.9°,51. 6°,61. 7°,65. 6°, Fll R AT 5T 0643 51 R 23. 9°,36. 2°,39. 5°,46. 6°,62. 9°, K YK ¥
R CdTe i 111 T . TiO, B 101 H.CdTe 9 220 T .CdTe i 311 T . TiO, [ 002 T . J&AF 1645 & FrvEIE B B
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a)XRD b)EDS W

B 2 CdTe(2 h)/TiO, 4z X 4 K4 %5 4 XRD #% B = EDS # B
Fig.2 XRD patterns and EDX spectrum of CdTe(2 h)/TiO, core-shell nanorod array

ToARFE, XF CdTe/TiO, By EDS BB AT A4 R (WE 2 b)) KRIAEEHEFHANRN1: 2 TiHF O M
AR 1: 18 Cdg Te A ,CdTe/TiO, iKW TEARGTEILEITER.

AN TR 20 K 5 48 e A B 6 FE TS I L 3.

TiO, #er Vi (3 1) a 2R o025
< BR HL 6 B e B 98 BBl O 330 ~ 420 nm, ¥ ) S
TiO, H Y6 W 3% B (E 3 s i a I Z0) A0 o020 Y/ N/
CdTe/TiO, H9t L 3 3% B (& 3 1 # b, e, P C
d,e fIZ) XT H, AT LAE . CdTe B9 fi
BY0KA 7S 5 6 e R B TiO, 1y
330~420 nm ¥ & CdTe/TiO, Ry 330~

0.015

AL Y% BE/ (mA - cm™®)
=)
>
=

830 nm, AR[FYUREE 9 CdTe/TiO, 0005

HERIEE (B 3 ) b,c,d,e BHIR) FH, 0 . ,
CdTe/TiO, (2.5 h) By fe e i & k. PSHT/ 5"0%&733 00 %0 %00
CdTe(2 h)/TiO, HEHE WIERE (B 3 F iy f a—Ti0, 4 K #& % 31 ;b—CdTe (1.5 h)/Ti0,;c—CdTe (2 h)/TiOy;
M) %8 PSHT-CdTe 5 i 45 76 A S0 5 1 d—CdTe (2.5 h)/TiO,;e—CdTe (3 h)/TiO,, F. A& B ¥ 0.2 V(H

XHEFTH AL ) , WS 0.1 mol/L KSCN K% ; f—P3HT/
AY N J| A Qj: J\‘ , 5 N 5
TR ARG TR B B O 5 BH CdTe(2 h)/TiO,, H % F 334 0.2 V(M X i H R R ), F AR vk

P3HT By CdTe/TiO, #H H %, B ) % H iy % 0.1 mol/L KSCN 7, BE¥ ¥
o7 3G 5 , 5 B I A A JH o . S R Y A 9R E
FREWNRY FE.AH%, 5 KHEIEELE.

Bl 4 24 550 nm B @5 BT PSHT/
CdTe(2 h)/TiO, KBRS R TR . NE 4 ) HFATRIFEH 0.2 V E Ak 8 AT 588 K FHH b
B LV IR IE#® T/ERE, HEETF,PSHT/CdTe(2 h)/TiO, Bk B8R T B I 56 5 . 8% g
B (0. 000 7 mA/cm?) , B 1 Y6 7 (0. 024 mA/em?®) , A BRI EH . WNE 4 D HhaTEE, —1.4
V BB FHT ,PSHT/CdTe(2 h)/TiO, B4k 3 B H 8 2 i 56 U AR - B L AR K (29 —0. 03 mA/em®) , 0%
L /(29 —0. 006 mA/cm®) , H IS HL G FE AT [A] 3 KT K. 56 4 DFE 4 b ATLIE ) ,PSHT/CdTe
(2 h)/TiO, GIKRGEWEARFE 0.2 V AR ET = A HROEE I, £ —1. 4 VARSI, I A W17
7 p BOGTE Y B n BOGRTE Y, 7T LAHERT p BETEHEY R R PSHT , n BDOLE MY B H CdTe/TiO, ,
£ PSHT/CdTe/TiO, 7R —4E4 KA F 45 ,PSHT-CdTe R EFTE pn FH,% pn REFAREIRE R
T B S0 O A 2R 19 40 B9 AT 9 1R 1% 45 1 A AL K PH L M Y BB B R e i

&l 5 27 550 nm A FIRT PSHT/CdTe(2 h)/TiO, 44K FEF K % i 3 1% B A IR FH G IR 5 8

B3 ARMAREH SRS LRER

Fig.3 Photocurrent spectra of different nanostructure electrodes
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Fig.4 Photocurrent transients of PSHT/CdTe(2 h)/TiO; core-shell nanorod array under monochromatic light

HHT AuP3HT/CdTe(2 h) /TiO,-FTO 5 [ 25 4% 46 2K FH e, It (49 2 4 49 1 il 2% B, LK Oy 550
nm, BB K 0. 1 mol/L KSCN Z BV, A A H R e il
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Fig. 5 Current-electrode potential plots of P3HT/CdTe(2 h)/TiO, core-shell nanorod array and current-voltage curves

MWE 5 a) AT LIFE H PSHT/CdTe/TiO, BERYIKBEREFILE 0. 2~—0.8 V EEHIEHK /N, —0.8 V2
JEREER AR K 7E 0 V0.2 VEEEREBEFA T AR BHREHRT, 7 0~—0.4 VHR LR E A
B/, 7E—0. 4~—1.8 V 5 B /N B AR L B 28 A /N BAAROG B . AN 5 b AT LE H Au-
P3HT/CdTe(2 h)/TiO,-FTO G B 22 b K FHE M TE 1~—1.8 V EEH /N, 1~1. 8 V i B I 2 B
K TEHE/NF —0. 2 VOB IE B AR B 3 L BHAR (BB AR X BA AR CEARD R AR K F 0.2 VO R B 1
FHAR LI, FEFL . — 0. 2~0. 8 'V (FHARAHXT BAAR HL AR B % 0. 2~ —0. 8 V) i Bl P9 A 3 By PHAR FL - AR 28
FAAR B3, 7E HE 0.8 'V BT KAy A Fs (BHAR AE X BAAR AR R 3kt —0. 8 V BB ) F = A B B R BABOL B I, K
B 5a) 5K 5 X, RBEH T H po FE A BER G R R B p B TE A R A B AR O B AT, PR AR O
FHL I PR A s o7 B 5 AR AT 300 e /N PR ARG Y L 9 1 538 B i L » 4 310 L 2% A A B W 9t 2 k40 4 il 4% P L O
R AR S B R 2T A 3 YL, X ATRE A BL T P3SHT-CdTe 511 A9 3 Ff 45 2 5 10 482/ B AR O B 3
Z )5 % R B AR Ot L B9 AL B 5 2 Ak R BH B Tt R R 3 it 2R o 9 F B R OR IR, FT RE R A PSHIT- A R i U
WREM PSHT-Au AH AR, P3HT/CdTe(2 h)/TiO, By IV &AM i EHL, TREH T CdTe 2%
TR BB/ FEAR O B - FAAR O B WA B R AR B R, IR B LRI ; 17 CdTe #5852, Al g2 B T CdTe
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PARBHIRT BBABY —, RBREREHARHEM,
BERARMNAK BN FBERBFZTREZR, URT
LV Rt &R 23 MR S EEE 7R, M2
WM REAR FRIER. HREUEEZNH & L2
fE pn B E R HOK A 7[5 A2 46 K FH L 89 n B A
B KA ERE T RE S HE— PR & .

Bl 6 A R 6 1E R 2 B9 K BH L M Y VAR
B, & K BH B 3t B BR R E S B 1. ~d % R

HE 6 FH afi&alE S, AuvP3HT/CdTe (2 00 02 03 04 05 06
h) /TiO,-FTO 45#4 74k, A b Ha, s 9 FF 6 v, [E 4 0. 53 V, RN
SRR 6. 13 mA/em® T HFHN 0. 28, B BHEHR B6 RRAFHORMLRMELLY [V iEEEL
BERH0.91%, H X E 6 /) a gk b & AT Fig.6 IV curves for different hybrid solar cells
PIEH,PEDOT/PSS & AufE N Z )G, FF B LR
M 0.53 Vg3 0.32 V8B HEFEM 6. 18 mA/cm® 1A F] 3. 02 mA/cm?® , ¥ /0> 50 % &£ 4 , PEDOT/PSS-
P3HT/CdTe(2 h)/TiO, Ky RE B H B3 XK (0. 27 %) UK Au-P3HT/CdTe(2 h)/TiO, (0. 91%) B %) 30% .
XATRER 2k B PEDOT/PSS Ak W, 5 PSHT WEEMMEZE, M SBHEES K. XFTHKE 6 F1/9 a fh
LM c IR LRI, CdTe YA 2 h 11 2.5 h A FFRE M A B AL I A3 5138 & T 0.3 V 1 2. 71 mA/cm?,
Au-P3HT/CdTe(2 h)/TiO, HEEB#H M FE K Au-P3SHT/CdTe(2.5 h)/TiO, 8 T 2. 79 %, XA fE &£
HA CdTe KJE, TSP AKELEREEK, ff PSHT 2 AR HE EL CdTe Z/53)35 PSHT BEED. X
FOEE 6 iy a f A d f 4k, HAh &R CdTe YK BH H L , G FF 3% A, FE R 8 % A 0 43 7 2 Au-P3HT/CdTe(2
h)/TiO, 9 19%6H 16 % , ZBER K, B CdTe Mot MEREE MR FH MM P EE T E/EH MB\EALREZ
BT A TAED ™, A iy o S (AORT pn 57T 76 A% 5% 4540 2 10 K BH oL Tt R 2 2 SR VR A

k1 REXRERES ARG 64 IE 2K

Tab.1 Photovoltaic properties of different hybrid solar cells

\k;::& b % ~\\
i, / %,
L \{_\ |

E\?J

ko d c”“’;\:‘"‘xk

R 4% B/ (mA - em™)
— N W AR NN
T
)

#
i

v

(=]

. e CdTe ¥t 1 S I L AL B/ Pidi 1 e =ik
= SLiEtR B /b PBAT R (mA + em~2) JE/V BT B/ %
A P3HT/CdTe/TiO: 2 Au 6.18 0.53 0. 28 0.91
B P3HT/CdTe/TiO, 2 PEDOT/PSS 3.02 0. 32 0.28 0.27
C P3HT/CdTe/TiO, 2.5 Au 3.47 0.23 0. 30 0. 24
D P3HT/TiO, — PEDOT/PSS 0.98 0.10 0.31 0.03
2 H 44 B Au-P3HT/CdTe/TiO,-FTO & -3 P3HT
FHE MR RER AW A 7 B, n B FEERF R T 4 TiO, CdTe
f TiO .n BASAEH ¥ FHE CdTe M p BA FHE 3 W; - —
o . A
BAY PSHT 4URE L RERODZ W . BHE & |- y
=
258, 6l FTO A, H P 248 (B K 380 ﬁ ] ———
(400~880 nm, % %) ¥k CdTe #1 PSHT gk, % L7
A EBRF(ERBEBFXFMETF . EBF . —

545 R (CdTe-TiO. , PSHT-CdTe) - Ky M4k

B TR EN TS TIERHEASE,CdTe- B7 AuwP3HT/CdTe/TiO,-FTO K a8 & i #4 46 4 45 # B
TiO, BIMHEREREB R, B & E BT Fig. 7 Energy level diagram of the Au-P3HT/CdTe/

¥y n Bl R, IE AL £L HRE D BE 2, T H Ti0,-FTO solar cell

CdTe-TiO, By REH Z /D, B 3 B/, A BB e E B T 0 B EE R E1E PSHT-CdTe # i,
P3HT-CdTe F i/ A4 IE 5 81 F 43 B &% 8 PSHT (B 7U& %) fl CdTe (B F 1% , = ER E Au 7
K FH B 3t B9 TEAR B3 B B3 2] TiO, FEH £ FTO s E W CdTe R EMAH 2 TiO, FIKEEFIRE,
FHERI R FTO 7 A R BH s M B9 S iR B L, i 2 THO, B9 B AT TiO, AL T8¢ 60 Y o A o SRS, T RE S
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FEAEFE A PR OEHR L. S5 EPTIA, PSHT/CdTe/TiO, A 7451 H ik £ 2 AR A6 28 PSHT-CdTe 5
i, TiO, X HEF R AT RE BRI A MIRE. WEWFH,CdTe BABRTEROERBGER, LZ/EN pn
REE R T ESCBBOLRY n BB B, BEGE pn 57 R4 B9 6 7= A2 B 2 B9 O6 AR 300 1, T AR A s T
PSHT/CdTe/TiO, BJ— 4k Fr 45 RE 6 K FH oL i [R] IF 3R 75 A 7 B9 pn G544 A0 58 R B 57 T HL % 10 AR, AT B8
i B E SR AERT T .

3 & i

FKHAKPIEFE FTO EHl& T 448 TiO, 49K %51, @ i b2 T BUATE TiO, 44K %51 L i
# T CdTe 49KBURLEE B CdTe/ TiO, FEAX KBS, B H PSHT B9 SR I B 17 ek 4 i PSHT/
CdTe/TiO, iR XA FEZGEW . RIFER G4 LEAE T IS EBE Au EWH AvP3HT/
CdTe/TiO,-FTO %5 H B 4% 6 A BH rL 1tk » 22 2% £ K FH oL T A BE B A5 480 0. 91 %6,
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