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Abstract

Aligned Zn0/Cu:0 core-shell heterostructure nanowire arrays were synthesized by electrochemi-
cal depositing process. The morphology, microstructure, chemical composition, photolumiescence,
IV characteristic and photoelectric properties of the synthesized heterojunction samples were
analyzed by means of various testing instruments, respectively. The results show that the depo-
siting time and voltage are the key factors for the fabrication of Zn0O/Cu.0 heterojunction arrays.
The SEM images show the Cu;0 shells are comprised of single-crystalline numerous nanoparticles
with a thickness of around 15 - 25 nm. Compared with the pure ZnO nanowire array, the photolu-
minescence intensity of the purple light peak in Zn0/Cu;0 heterojunction arrays was eliminated,
but the green light peak was increased with the increase of deposition voltage and deposition time.
Meanwhile, the red shift phenomenon of 20 - 30 nm is observed at the green peak. An improved
photoelectric property of Zn0/Cu;0 heterojunction samples is demonstrated.
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1. 5|8

YK pn S5 B A0 SAR SRR S AL O . AT, SR R R 0 B Zno ke
ZARH 2 5 S, R R ZnO AMEGIE 51 RS B AME RIS ANE I p BB 22 2 JTAE ZnO -S4 1V R B 55
IREF R, (SR, R ZnO [A)5 1S4 pn 25 1 & A2 — AN HERE[ 1] [2].

ok, AATRIL, p B34 Cu0 5 n BUSEATBE ZnO REM ST 1 45 . ZnO - Sk B A
T BRRETE, BRI 380 nm BL R, RIIRISOE T B TR E S AN GIX A, R AT WO X A IR R &
IR, BES Cu,0 EAWK pn FF4LE G, FIFH Cu0 MM, L 5B 45 78 7T W6 2404 E
FEI A LE B R TSR I, PTG O ML B 8 R T 1Y) ZnO/Cu,O el 4 s, AN T-HT LR
FHAE HLIth . ' LA B8 A R G R A0 S5 T8 3] [4]

BExt BRI, ASCE SR KA BEETE Zn Jr Bl T —4ERIEUR ZnO 9KERES, B,
P B SIRNETE ZnO GRS EUUR T —E49KIEER p B Cu,0 FFHE7ZEEE, H&H TR
R A —4E ZnO/Cu,0 H5ess kg k i 450541, dEid XRD. XPS. FESEM. TEM. PL. IV FtH
M) 7 AR5 P S I T B K il 46 PO AR R R G BB TE 3 . SRR M At s SREUR . TV RRIERIEH
BRI SIAT T 00T, TR R ATF R BT ZnO - 54 5 T 25 28 AF R A S 36 A B R L At o

2. S8
2.1. —#HE ZnO AKX EFIRHIF

KK IA BE, LEIKOKE 28%) A8 A (24 99.99%, R~F: 4 x4 x 0.05 cm) N NI, 7E 95°C
FIRNIRE R, B Zn A Bm TAER DG L0 AT OSSR ST, il T 593550 Bt B
— 4% ZnO GKLLFES . H 8 SEUEE 1 FioR, VRIS 7 vk n] I A 4Lk 2R A 218 (5] .
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Table 1. Experimental parameters of synthesized aligned ZnO nanowire arrays under different molar concentration and time

conditions
= 1. NEIRRRBAETE) &4 T HIZ S ZnO KEMEFINSEE S
FSs A BT H (h) WK B (NH;-H,0:H,0) (V/V)
1 3. 6. 10 1:1
2 3. 6. 10 1:3
3 3. 6. 10 1:5

2.2. ZnO/Cu,0 HREHRREE S ETIHIHIF

PAZK Pk il 15 1) B R —4E ZnO 9K FES NI, K B S DTRELE ZnO QKR TTTIR T — )=
Cu,O 178 )22, il 5 Y ZnO/Cu,O 2 Fe 45 18 7 L 46 o SE8 5 SR FH I 24 i /& Cu(NOs),-3H,0 (43 i 4l) Al HMTA
(Zy&FEi . ofrdl), ol —e &M HMTA AL E 7K, S5 EHIA—EZR Cu(NO;),3H,0
Ak S P 2 IS HORL, S A .

DURRSLIG I, e R IR BN GRS, FIF CHI600 B 4k TAE S E4T = AR UTR o ORI,
ZnO HUKEREF N TAE R, A 0 tk, MAIH R BRIE NS . TAE RS X AR % AT
JWE, PR AIRIEE A 2 om, JURRIR KB ORFF N 25°Co YIRS, FRER O 258 7K Bt TR A
TEYE, BEWTEH. %2 G TARTREM T, FIH B TTRER]E ZnO/Cu,0 58451 7 i 45
(e 2

Table 2. Experimental parameters of synthesized ZnO/Cu,O heterojunctions under different conditions
= 2. TRIZWEH THIE ZnO/Cu,0 BELHMR RENZRSH

Fs TR Cu(NO;),3H,0 A1 HMTA FI¥REE (mol) YUARET [E] (5) YRR (V)
1 0.005 71 0.01 20 02.06. 1.5
2 0.005 71 0.01 30 02.06. 1.5
3 0.01 #10.03 20 02.06. 1.5
4 0.01 771 0.03 30 02. 0.6, 1. 5

2.3. BUE ZnO #AKE&ESI B ZnO/Cu,0 BHEEH R RENFHES T

F 5 R4 1 B U BE (FESEM)A i 46 1) —4E ZnO 92K ZR K41 )2 ZnO/Cu,0O #5845 14 5t Jii 45 [ 41
FEAREEAT 7O, o0 T FRE SR RIS TREs M S AR B X ERAT S (XRD)AN X 6
WX (XPS) KRR AR S5 AL F AR HEAT 170 4Ts UL He-Cd WOGEH(325 nm) ABUKIGHR, xR i i
1T 7B s Fl 4200SC - FAAKFE T BT AT 78 ELEE 1 AN 264 T i 48 B Al ) TV 450 RIAE B
I 25 G R e R

3. BER5VHE

K Ta~d 1d 45 H T ANEIZAE & — 48U ZnO 9K 2R R4 R ZnO/Cu,O R 45 SEM KA.
ME 1a /& H, Zn Jr E/KRAEK ) ZnO K ZRTIE 7S AR, BARZ974 50~300 nm, KJZ4) 7 10~15 pm.
AR LKL S Zn B — NBUNOARE, BEANZ S, BEAEKR/NMIEIE], IR T A R i — 4
YRR BEF 5 o AR ZnO PIKE R TEHT, T A o S VA Pt e A4 Ok

1b~[&] 1d AR TR N £ 1) ZnO/Cu,0 5451 SEM B o XFELIE] 10 ATE 1c /B, 18
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VRS « VUSRI M R 264 R, DR EBE N 0.2 VIEE, CupO PASREIE 2 3 BITRAE ZnO 9K 2k (1 T5
Ui, PURR R RLZ T RECRICK,  dRi g, 45 S RERUT . T4 EAE N 0.6 V I, Cu,O PiAR dRLTE
ZnO YRR AR T — E RS amE s, SRS, aEEERYN 15~25 nm, WE MR R
GF. MIE 1d FIEH, BEETUREERIIG R, WROREEMIEm, FFIR [ FUUERTE ZnO goKEk Fia
BEREEARR, SEPREZ MM EER, AR K. LRI, & DR [ SUR A RV
WEERIHR, S8 Cu,O SFLIIUTRURE IR, 250 E K, ZiEMREETE Zn0 KM Cu0 SR L
ZURPARR, 5om 5 R 45 R e RE . @ X LS B R I, B UTRE I ZnO/Cu,0 SR EEI, AR [
920 s« PURRIEWCN 0.005 F10.01 mol 2544 PIAHLE A 0.6 V I, il & 1) ZnO/Cu,O 5 /i 45 1) B8 3
TR, SR LR, 2 TR R AR 1) ZnO/Cu,0 #3758 T i &5 FEZI (W] 1c).

$U8000 5.0kV 1

Figure 1. SEM images of the one dimension aligned ZnO nanowire arrays and the synthesized ZnO/Cu,O heterojunctions.
(a) Plan-view of the aligned ZnO nanowire arrays with solution of NH;OH:H,0 = 1:2 (V/V) at 95°C for 6 h; (b), (c) SEM
images of the synthesized ZnO/Cu,O heterojunctions as the voltage was 0.2 and 0.6 V, the deposition time was 20 s, and the
molar concentration of Cu(NOj3),-3H,0 and HMTA was 0.005 and 0.01 mol, respectively; (d) the deposited voltage was 5 V,
the deposition time was 20 s, and the equimolar concentrations was 0.015 and 0.03 mol, respectively

1. FRIEHETHIZH—ERE Zn0 KZ&MEFIFN ZnO/Cu,0 FIRLZEH) SEM El. (a)BE ZnO HKEMEFIE, 414
IRE 95°C, NH,OH:H,0=1:2(V/V), 4AHT[E 6h; (b), (c) NEREBESHIA 0.2F10.6 V, FIREENR 20 s, EE
HKE 59 0.005 #10.01 mol £ A ZnO/Cu,0 FRLE SEM B H; (DEREHR SV, SRRIER 20, TAVARRE
73 0.015 A 0.03 mol

B2 SRR 1o MHPTRERI & B ZnO/Cu,0 )it 45 1 XRD & nIE H, HUTBEATH &
ZnO/Cuw,0 AR 7T FEFI ) XRD EHEAE 20 Mo 20~75° 2 (AR 1 2R AT atie, Hoh i T
20~36.58° Kb fiThf g i 5k . 425 PCPDFWIN Frift G ELEOR I, 17T 20~32.02°, 34.7°, 36.52° 25 Ab 1 iie
IR ZnO /N LT 4579 (36-1451)11(100) (002)- (101)&RTH, 1AL 20~36.42° 42.67°. 62.82°.
73.1°Ab B U 43 ) 3k B ST 45K CupO (34-1354)FI(111) (200) (220)~ (311)Ab T, e i 06 P N FET
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Figure 2. XRD pattern of ZnO/Cu,O heterojunction arrays with
electrodeposition process
2. BREUEHI &I ZnO/Cu,0 R FREEFES IR XRD 15[

Cu B EEA PR S, N CuO 5 Cu,0. ESR XRD WA C4UE 1 VIR A7 )2
& CuyO Hifdyo EN 7ML s vl {5, ASCEidint XPS BiARME—BHA T UiAEEZH Cu i
Ao — MR XPS KM Cu,O o I BERTIIEE S 1 E W% Cu 2ps, FEEIE Cu 2p1pe FEHELTEN Cu 2psn 1
FIERIT 932.8 eV MtilE, PR T Cu2p, F2T 952.7 eV BT o %58 () Cu 2ps, H 20 AT 43l N A1
g, Hrp—AMRE Cu0 B Cu, A REIEIELE 932 eV BHilE; 75— MUF CuO, WE(ELE 935 eV Mt R
PR es F, i nT X PR i B & CuyO (8K Cu)idk 2 CuO.
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Figure 3. XPS pattern of the ZnO/Cu,0 heterojunction samples. (a) Cu 2p; (b) the pattern of Cu LMM
[# 3. ZnO/Cu,0 RERLEEHMAY XPS iEEl . (a) Cu2p; (b) Cu LMM BN L%

U5 XPS WHE LI B T 455 BEAE 932 eV M kg, BT P HEXZ Cu,0 EAEE Cu 1
. H Cu,0 FIE)E Cu MG RERZ 0.1 eV, FIL, NXIEH D PEKE CullZ Cu0 By, W ZEE
it XPS ) LMM XU B ERIE F AR K %5 Cu Al Cu,0. Cu [ LMM XU B ERIT IS E 568 eV, 1M Cu,O (1)
1E 570 eV AL E[6].
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Figure 4. PL spectra of pure ZnO and ZnO/Cu,0O heterojunc-
tions under the different depositing conditions. (a) pure ZnO
nanowire array; (b) and (c) the depositeing voltage was 0.6 and
5V, the time was 20 s, and the equimolar concentrations of
Cu(NO;),'3H,0 and HMTA was 0.005 and 0.01 mol, respec-
tively

E 4. 4 ZnO MKLEMEFMARMMEHETHERN
ZnO/Cu,0O R JREEHY PL Ki&. (a) 4k ZnO FEFI; (b) AR
BER 0.6 V;(c) 5.0 VIRFRRKE 2 0.005 %1 0.01 mol,
SARRTIE] 20 s

Kl 4 45 H T 24l ZnO YR REFIFIPTRRT (] 20 s, PURUAWIRE Y 0.005 F10.01 mol, AFEVIAHE
AT ZnO/Cu,0 RS FESIN) PL GG, Al EH, S4i—4k ZnO YPKZMESIZELL, ANEFMET
il 4% /1) ZnO/Cu,0 5345 11 PL Yeill & AFAE — 7 T 380.7 nm Btz FIAH XTI BE A 60%, (R Cu,0 25
IRIEEME DR N 2.1~2.4 eV, BRI, 1ZKRGIENZ ZnO 250 i T8 & kOtiE i . FR, ZnO g9k
LEFEF A ZnO/Cu,O 5 i 45 FEHIEBAFEAL T 557.7 nm M G606, X EESE ZnO 7 O fl Zn ALK&
Zn FEUR FEEIEIE R . LA da-c WIE W, BEEDUREBERIIGER, X4 ZnOo 9K,
ZnO/Cu,O 7 i S5 BEHI I8 G RO BE I TR ES , RV BB g o . [FI, BEE TR R AR,
FHFERIES TR Py, REE 2 R A BT R, ZnO/Cu,0 545 R 206 it O AR BB T 20~30 nm 4L
W%, HyBRmEEK, ABBIHE. 25k, BETRBEERGR, JBRIMAER Cu,0 - SihaE
JFIZEE S T ZnO GOKRT, HHRIAESSAMEEIEA, S8 ZnO MGG K& =T REH MR, B
B 2o 2R T RE L P ERIT He F A ) S B 2R T, BRTERS Re R/ NIDE T A mis 2, RASBHGRL
W 5% FBE I 2 AR K L O I T TR I [ 7] T 58 D' 6 ) i FEE ST BB 1 D K] 3 S22 o 4 A PR 11
P, CuO ARRLEHTEAETE ZnO PR R, A HRMAR LK, &R ZnO T T HEE S LI
ST IS AR R, A FEEEWINGT LR /NTE8]. RN, BESRH RN, ZnO 4KER
RIMPIARR) Cu,0 BB EZHIEIE, Wil —i 2w i st oDt Pt ZnO, MM -5 8Ok T)
58 A
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Figure 5. IV curves of the synthesized ZnO/Cu,O heterojunction
arrays

[& 5. ZnO/Cu,0 FREEMEFIRD TV $51EphLk

K5 250 T UURREFIRLA 20 s IR A 0.005 F10.01 mol, JTARELEZS 54 021 0.64 1.0 V &44FF
il 1) ZnO/Cu,0 FRLE 1 IV Rt 28 . Mzt e nl B, SAEERME T, JREEH IV il
LRI MK FR A AR, LT AN R B R . AR AMINIE R R A, BEEE AN
JERIRE N, SR A R IR R 30, HL TV REVERR I B B 1 R R AR . OB AR R R
fts BRI AN . AT AL, SR RAEETIRNE, 1E n-ZnO 9PKEERTHEE T Cu0 IHZ
s p AL Tk,

Figure 6. The schematic diagram of photoelectric characteristic
testing for the ZnO/Cu,0 heterojunction array devices

6. ZnO/Cu,0 £HAK 7 BB S S R 45 MM X R IR E]

NTHFFCHIE ) ZnO/Cu,0 SR 45RE A e e, KA T 6 milat s s g4k, kb, 76
ZnO/CuyO 53 S5 REFIRE S F 2895 T Ok P fbl, 76 Zn B2R B Ag S RIROES: 5 — ANk, JeliRH
Pk 514 nm, IPRESE S0 pWiem® (1) Ar B FROGEE, FES MR LR 0.0~1.0 V, xRS T BB
FL IR AR o' L) S AR 1

B 7 g5 W T UURRIELA 20 s JUARVARIA RV FE A 0.005 F11.0.01 mol, AN [EITRA B He 2% 44 T il 45 1
ZnO/CuyO 573 45 (1 B O e PE 2R o MR, 57 00 45 R K e D HE S 1) SR B 1 308 v P ' FL A,
RPSE . BEEJCIRITFIS, JeHRAUREIE K, 0.5s A4 )E, e ARk e . BE DU B 35 .
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Figure 7. The photoresponse characteristics of the ZnO/Cu,O
heterojunction array devices under illumination and dark conditions
with the deposition voltage was 0.2, 0.6, and 1.0 V respectively
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