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FIFAG S AR DURNE, fEATE eI il 2% AL B 2R S RIBRAE I ZnO GoRIELE . SEieit— Bt T
ESAAGE SRR A8 1 2 150, 1: 200, 1 : 250 F1 1 : 400 BEXF ZnO 49K T8 G5 R A BE RS20 . 45 SR 1,
ZnO KAL) ZnO gk 1K A% L BE A AU I 80D 78 USRS s EE 1A 1 2 250 Bl 2% HH 1
ZnO GUKAE RSP 5] RS — ARG K B 5835, ZnO 9KAE R S IR6BUR IR, B & SR D,
AL UL X R N — AN B AR il — A 6 0, HL 558 23 6 FH SR IR R R D6 I TR ek 55, 5 480 2 06 A SR IR i s R e
VTSGR, BT S at L, SR T — R IETE L ZnO RIS R 1 AR KB

KBEIE: ZnO 9RAE, 196, (2 SMITURL, SEBUR0E

PACS: 78.55.—m, 78.67.Qa, 78.66.Hf
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BE P ONAT IR, GBI Zn Ky, R 9 LT R
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TG AE . IR ER A B R T b AR A
Fi Ll 2 ZnO GRTEL K 1 A KA Y.
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SR A e H S K- Ul i CVD i %
ZnO PKAELH. SRR SLIG I RE AN 1 ke A
9 3 AR R TR EE 9 35 %6 BV 3 R AN 7 RS T
VB HEAT A S I VR, 45 AR B JF I Ny (99.99%)
W, TRE TS B R B3 5.5 cm AR
B SR AR (99.99%, 0.17 ), ARG A
JfFE TR N oA Gy B JE XK E R
WA, R AL F] 3.4 Palt, BL20 °C/min
() FHIRE N H R 600 °C, ik B Pl e il FE I, I8
A 250 scem (1 scem = 1 ml/min) Ar(99.999%) 1
1 scem Oz (99.99%) JFaa#EAT 4K, 8 min /517 1k
Ik, BARR IR ER. AFRITEIHE ZnO GRS
R —FE, WA I B 74
AR TR B A

ARSI I 2 B S UG B B SEAT TR AE Sy
M. ZnO KAL) SRR S5 #42K T H A Rigaku Mini-
FlexIT 8 X SR T4 (XRD) 447 & @it H o
SUS010 A4 5 4 HL ¥~ I Tl B2 (SEM) W %2 ZnO 44K
R RIS, B Fluorolog 3-22 %% 3¢ H 14X
D& ZnO GARAEKIEBURE (PL) 1.
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AL L 1 2 250 IS RE G ETESR, 455K aE 1 (a)
B, AR BUE H ZnO 99K 45 14 DL 1% ¥
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7] E 28 F R BRAE (0 18 1 (b) o), Bt 3RAT]
LI AN ZnO YR EEFRAT ZnO KA L1, K
LT BLE H, ZnO 94K B 1 TR AN 1A 21RO
1, HIESRITEAR N NIL Y, X2 g (27 B 4 45
¥ [20]

W8 7 AN [F RS GRS = E A9 X ZnO 4
KACEE MBS IR R RE ), B2 2
TR SRS B L A8 o) 45 1) ZnO 0K AE 45
I SEM . I LLE H, AFEMESE SRR
BRI RE S ] 2% H ZnO GUKAELE I, X Le L5 TS
). RsHE—, B e AR ERAE 45 0, 1 I IX s
ety B MR M KR, &Rk ey i £
ZnO KRR, F— R ZnO Gk FEALTE H T %
W, AR e HLIEE N, & R

200 nm

K1 (MTRME) (a) ZnO FUKRIEN SEM KE; (b) HIEk{L
RS R
Fig. 1. (color online) (a) SEM photographs of the ZnO

nanoflower; (b) photos of the thorn cone.

9 T AT AR SR S B EE AR ZnO gk TE
itz s E 2 B4 Rt — bW E A ST
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(RiFRK AR L), g5 R a3 s, IWE AT 5, 4
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REBEZ W/, EESME SR ELGI N ;250
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B2 7 ) 4R A0OR G A0 L A i) & TR ZnO K IE I SEM B (), (e) 1 : 1505 (b), (f) 1 : 200; (c),
(g) 1:250; (d), (h) 1:400
Fig. 2. SEM images of ZnO nanoflowers with different O2/Ar ratio flow: (a), (e) 1 : 150; (b), (f) 1 : 200;
(), () 1:250; (d), (h) 1:400.
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Fig. 3. Length/Diameter ratio of the ZnO nanorod

versus Oz /Ar flow ratio.
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Fig. 4. (color online) XRD patterns of the ZnO

nanoflowers grown at different O2/Ar flow ratio.
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ELAL, B ER Cu Ml ZnO [Py 45 A7 HAth 87 1 45 AL
Py ivgvde L 1) AR Wl EE RS — A 2. Cu

) XRD U438, ZnO i XRD 559, FHEZH T
ZnO YK T 5 1 1) 2 AR 4R 97 255 Fr 2D {H2 ZnO
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YRR N NTT BN S50, BRA W ¢ MK
FePE, X5 SEM [ AT il 21 i) 45 S — 5K

Tk — P TS [ AR R LA
B KB ZnO GKAESE M PL S, il 5 Fs, K
URT A FE SR I R A XS — AN B i R
JtIE (~380 nm), 7E 7] WX IBAFLE S ZnO KSR
BRI R, HAAESRELFIN 1 150
A1 : 200 BORE dh, BT R A AU KOG UE, 7]
JLIX A — MR 5 B3 A (400600 nm); i &<
AE AN 1 - 250 A1 @ 400 FOFE S, ST
FE AT 0L X 35 mT B S5 M B — AN BL 500 nm Ay G
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BKIT, 76 ZnO M AT (VB) A5 (CB) [RIEA7-E ¥
% ZnO WIERIEREDL, WKl 6 Fas, A ZnO BISkFERE
g P 7m0 Bk R E B RS (Vo) B
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5 (TR (a)—(d) 28N R TR EHIN 1 -

Fig. 5. (color online) (a)—(d) the room-temperature PL

ratio of 1: 150, 1 : 200, 1: 250 and 1 : 400.
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spectra of ZnO nanoflowers with the Oz /Ar flow

RE 2 PR O B ORI L IS, Vo

3.36
323 1 ==
314 | FX T Zn; CB
2.5 |- -V
e
b
a C
1.16 |- d JLVO++
0.87 | Y v,
VB

K6 ZnO SiERed &l
Fig. 6. Schematic illustration the energy states of the
defects in ZnO.
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K1 ZnO HORIEMN Fif G EUROGE 2 w7 20 W U5 J5 B WAL I o
Table 1. The peak position of the ZnO nanoflowers in PL spectrum after Gauss points peak fitting.

Sample O:Ar Interband /nm Vzn related/nm Vo related/nm
a b c d e
1 1:150 385 399 435 493 554
2 1:200 386 400 422 485 580
3 1:250 381 465 496 545
4 1:400 380 463 497 554
Mechanism EE:XE CB— Vin Zn; — Van VG — VB CB o Vi+

X T ZnO 7EH JE R TH M AE KB, Dugaiczyk
2 U610 S Cu ¥ (111) T A AT BE1E N ZnO 16 B AE
KRR, T I T8 2 S ZnO oK 2 AR
K oo, T S i PR SO 9 5 A R TRD T B
(111) T, T3 4 1) FH R 22 A F T ZnO 9K £ 1
A K. B 7 R TEHE A LE 600 ©C R A [E]
IR K 1) XRD B, 5riER b, BoRix el
N Cu HIRHIENE. SEUGE— D I, BE 4 1B K]
(38, 1(200)/I(111) ELAE 2> 99 0.4, 2.5, 4.7,
9.9, 1(200)/1(220) K ELAE 7351759 0.6, 1.8, 2.3, 4.9,
BV A A R [ PRI, B 9 R i 45 s AR 4 L
FEARILIF 2 (200), 1X 5 3CHR (16, 17] #3E i F R i
& ZnO GURAP R 75 3 iR EUA Dy (111) A
A, HH 7 R] R AR 2R K S B A
ZnO W FE b, 4095 5 B 46 da It AT SR AE A s T
WAE ZnO WA KT FE v AT 1) iRk g5 — B
TER A, FATUCAX PR AL K Cu(200) HIEEAR
R [A1 75 AT B8 2 T B ZnO 4R K A6 R JE 1) S .

* Cu
4500 | Annealed 1 h A ZnO
0 " A
E Annealed 8 min and grown 8 min
= 3000 | A(002) *(200) (220) %
4 (100)A A(101)*(111
5 A
E Annealed 8 min
B
£ 1500 N J A
= Cu foil
Al | | )
20 40 60 80
20/(°)
7 (MTIEMA) #TELE 600 °C KA [FE KB H ©)
XRD K
Fig. 7. (color online) XRD patterns of Cu foil on

600 °C with different annealing time.
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I, 528 R ZnO 9K LS5 H. 1X 5 XRD il &
F ZnO K AE 45 # v ZnO B AT (002) AL A &
I f 25 AR AR — S

- o
(a) (b) (c)

K8
KA

Fig. 8. (color online) The growth mechanism for the

(TR ) #5479 Ll 46 tH ZnO 9 RIESTHII 2L

prepartion of ZnO nanoflower on Cu foil surface.
W
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1) % 19 ZnO GORTERITESN . 450 B R ek, KB
ZnO YK AE 5 F4 K A% BBl S8 AR R0 T 9/,
TERS AT SRR LN 1 : 250 B, RE6E 13 2 R~
BI5) TEHs —. i e R ZnO PIKALL5 1.
BEAN, ZnO GKAE S5 FIAE AR 7 I BRIE R E BRI
R, A E SR B, BT X RO B — A
WA R — N eV B m A s — PR
B, BEE SIS, 5 Vg, HH G ERRE ROk g
TEI TS, 5 Vo A G IR B A& ' W 78 3 58 (K] s
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Abstract

Unlike the general substrates such as SiO2, ITO, and AZO, the metal foil used as a substrate is rarely studied in
application in the substrate, however, it has lots of advantages including cheapness, good conductivity and excellent
scalability. In this paper, an acanthosphere-like structure named ZnO nanoflowers is successfully synthesized on Cu
foil by using chemical vapor deposition method. The gas flows with oxygen-argon ratios ranging from 1 : 150, 1 : 200,
1 : 250 to 1 : 400, which impacted on Cu foil, and the property of the ZnO nanoflowers are carefully studied. The
SEM images shown that there are lots of ZnO nanorods grown on the sphere cores, and look like flowers. The ZnO
nanoflowers contains uniformly sized ZnO nanorods and morphology with best flower structure when the oxygen/argon
gas flow ratio is 1 : 250. Furthermore, the length-diameter ratio of the ZnO nanorods on the ZnO nanoflowers decreases
as the oxygen-argon gas flow ratio decreases. The ZnO is of hexagonal wurtzite structure indicated by XRD pattern
and there exist no other diffraction peaks existence except those from the Cu foil. In addition, the photoluminescence
of ZnO nanoflower changes from a wave packet into a broad peak in the visible region when the oxygen-argon gas flow
ratio between decreases. Further study of the photoluminescence by fitting the peaks in visible region with gaussian
function indicates that the photoluminescence relating to the oxygen vacancy defects increases, but that relating to
the zinc vacancy defects decreases. Therefore, the white light emitting device may be constructed based on the ZnO
nanoflowers studied shown above. Finally, a possible model of the ZnO nanoflowers grown on Cu foil is proposed based

on the experimental results.

Keywords: ZnO nanoflowers, Cu foil, chemical vapor deposition, photoluminescence
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