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Influence of Mn-doping on The Structure Properties of ZnO: Mn Thin Films
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Abstract; ZnO: Mn thin films with different Mn concentration were prepared on glass substrates at
room temperature using RF magnetron sputtering method. Raman spectroscopy, X-ray diffraction
spectra and SEM were used to analyze the structural characteristics of the ZnO: Mn films. The results
show that ZnO: Mn thin films have significant wurtzite structure with Mn doping mole fraction from 0
up t0 5.6% . The redshift of Raman peaks at 437 em ™' and 527 em ™' can be explained by the lat-
tice defects and disorder induced by the increasing of Mn concentration. The appearance of Raman
spectra at 647 cm ™' indicates the formation of MnO, leading to the worse crystallization of ZnO: Mn
films, which is also evidenced by XRD and SEM results.

Key words: ZnO; Mn; Raman; diluted magnetic semiconductors

1) TG S AR b 1 3 A BE ARG, S BCI- VAR
> S A B 1R T B AR, X LA R AT R B9

HAT, A&7 -V IR G R B REPE, 2001 4R, Jin 550 % B0 % & J8 Do R 7E
TREMTAE, B TRELESBOTRAEN-V  Zn0 POE P B & AP S ST Mn (1

e

Fm A 2013-05-03; f&iTHHA: 2013-07-02

EL&WE . KETHZEH (20120710,20110711) % B

EEEN: ZH (1977 - ), &, LTRIA, i+, EENFIREM R S5,
E-mail; ltspring@ sohu. com, Tel: (022)28181027



1168 K ot

S ¢

34 4

[ B IR 5] 30% (JEEIR 4380 o ILAk, FA7E 2000
4F, Dietl 25 & F T Mn $84% Zn0 i g ¥ T 14
ATSEHLE R T E R AR E X —RE 5
B TR E A X Mn 8 2% ZnO (LA T i R ZnO:
Mn ) Fi i AR B BEFE G L S AR, Mn 8
A ZnO FEH g FARR W 9T B LB T H K
HEA SCER K B, AN [R) (4 £ O vk IR E AU
A A B4) 235 A0 T 265 LA % J5E B 0 2 5 | i P 1 A
b, Rl X 2 4 A4 R 8 O ik T A R X
TR E R IR B IR AR 2, BR— B
Oy SERGF O K B R R R T M, BB 2
(8 7 1 S A & W 22 46, B E R 4 5L 5
HIF 9 A A B P ok VR 9 Lk Al AT R R TR
kg Zn AR BB L 2 AL TR B DL R #
T RS M s AE D

Raman Y REREA AP IE 824 B8 T A L0 i)
ZEANE DL DL Bt fh R S R sg X Ol
Raman Y1550 B 1% Y f BT SR 5 28 X 07 i A
PO A ek As . AR AR Mn 8443
ZnO T, ZnO dHE S5 89 25 & A AR Ak X R AR
b 225 18 Raman JGiE0E il A A% AT ek 2% | PRI ] LA
A RCFIFH Raman Y3358 T A i A4 938 19 b fb B2
JE LA ARG W AR A5 8, X B Min #8324 ZnO
BRAGPE R IR TR R A R X, i R TR
MRIE /D, Frid, R 454 Raman 63  XRD
FEH SEM 2347 T AN Mn #8224 ZnO: Mn
ERTAEST o

2 % B

S ol FH 0 A R e 4 v 4 Zn0 (99. 99% )
FEAFELL K Mn 4B HE (99.99% ) o R S A 1
PS5 1 AE D B A6 IS 1 3d 2 PR 9K Min Ty R ALk
B ZnO: Mn IR, RGEHZEME2 x 107" Pa, SR
FEAEZE Ar(99.99% ) , Ar Ji A 20 em®/min, TAE
SHH 2 Pa, ZnO MIFTIFHR 100 W, Mn 5 7)) 2K
39k 0,3.6,5,10 W, JLALE[E] 25 60 min,
Zn,  Mn OR53 435 A ZnO (A) | Zn, o5 Mg 4,5 O
(B) \Zn04944Mn040560< C) \Zn; 4,Mn, ,5,0(D)

X G247 4100 2 7E Philips X’pert pro mpd 4}
FATFHAL F 34T, R FH Cu 81 (45 kV,40 mA) |
R, Raman FFAERER H B3 JASCO NRS-3200 $if
S REAGIEATIN E  BOR DA R 532 nm, WY
FWIE S5 5% Fl FE-SEM SUPRA40 3 % 5

P I, BT R A R T
AT,

3 aR5E

3.1 XRD &RHN#H

K1 HE T AN Mn $8 2% B 1} ZnO: Mn 3
B XRD 3%, AN 1 TR Y, 24 Mn BE /R 4340
INTF15.8% B FEREAN TS BN, R IB AR
ZnO 5 5 3 25 A (002) FEALE ], X 3R W
Zn0 HA RN ML een 254, B Mo
A ZnO R 5, A 4 )& Mn A0 4 AL Al
S ARG B, R (002) AT T, 6 ZnO:
Mn 5 UG 2R FE B AR I (R 7S AR 47 BF 0 454 L 6]
1 E B8 TR Mn & &8 89 ZnO: Mn 38 &
(002) FiF S Mgy i K, B Mn 48 2% & 1Y 3
J, ZnO: Mn (002 ) Wi A B 8 (%) 262 % |, 3X 35 B
ZnO: Mn B RE A ¢ Bl 5 a8 B L Zn0 W AR &
FIHEA X AT REAE P R R M B AR R A
T ZnO WIFAS T Mn® " B F242 (80 pm) E K
F 20’ B AR (74 pm) . BEED Zng g Mng 150
(D) 177 55 g i ARG T At LA A i

‘D ———
| | | |

3. 3. 5 35,

33.0 335 324}_}9(0)345 5.0

Intensity/a. u.

Intensity/a. u.

LUO@»

|
25 30 35 40 45 50 55 60
20/(%)

BI1 il A ~D B XRD 3, 4 K1 (002) 17 51 i 1 i
PN
Fig.1  XRD patterns of samples A ~ D. Insert shows en-

larged (002) peak.

B2 B2 T Zng g Mn, O (D) Y
XRD El, ZE B D P, BR T (002) 77 5404
A HVEL T (100) F(101) A7 5706 308 B A 5
D Z5 eIk A AN R BAR R 2 T E AR AR
A, XATREREBEE Mn B449K BB N, ZnO &b
PR & S a0 S 2S r SCRFSEL R - L B
AV I A 23 A 46 1 R X 9 g, S S0 g

R AR PZ



%9 25, . Mn B24%F ZnO: Mn TR ZE F9 5 1 52 0 1169

10001 002 ZnpgoMny 550

s s

800" }
100
600 ik

4001

Intensity/a. u.

2001

L
30 40 50 60
20/ (°)
B2 Bl DA XRD %
Fig.2 XRD patterns of sample D
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3.3 FHMEST

Raman JGIEREA R TEAB % 55 FAE SR iy
GG DU LA B & 1A 25 40 Y 52 e, 3 TR Oy
Raman Y15 5 BRI 70 Sz B 1 &t A e A8 X6 107 A s
PN ARSI, SF8E0 Zn0 5 )R T C,
23 [ RE A HLIK ARG AR 622 P 1 2A, (2K, (2,
2B, 4K, EANTHE Raman SGiE 1947 & 43 314
A, (TO) :380 em ™' A, (LO):574 em ™' |E,(TO) :
407 em ™' E, (LO):583 e¢m ™' E, (High): 437
em ' F1E, (Low) :101 em ™", Hiif B4~ B, fal2
A,

Bl 4 250 TARF Mn & 5 0) ZnO: Mn 357 LA
K FEATIEAY Raman 63 AT LU # Raman 41

BRS04 3 U BAE 400 ~ 600 em ' BLJ%Z 1 000 ~
1100 em ™' PRANX 8k, & S X B X sk B
(% Raman 0 EAT R T LA . KRB Mn 11
ZnO WERE P (RESY A),437 em ™' 7B B LA
Raman HUI% | iZ 068 T E, (high) Jrah & X, i
B ZnO WL R B4 41 A 45070 X 5
XRD 45 WG 19 AR 47, U6 45 R ik & IAE 593
em ' B A Raman RN (LR BIHR AM1 ),
RSB AT BESR A T E, (LO) X, 7E 562
em ' 1093 em ' B H IR Raman HST 16k
JE T EIATIG . 24 Mn BEIRPEGA S 1. 5% (FE&
B) B, 475 & BE Mn 486 49 A H Atb 2% AH AR 5&
Raman U104 | iX7E— B FE LB Mn 4288



1170 K ot

S ¢

34 4

7ZH[I.M2MHU.ISX()(D)

"
i

7ZH0.944MHO.0560(C)

£s50000 sy
= Ve

B e .

: *Zno,gssMno,msO(B)
< 4500 i A

PN Y

30000 " \ /o

Intensity/a. u. I

[Ne]
W
(=3
(=)
=
\

. 2000 ] — Glass sul)tralg
= 2500° ™ A

gl 5 ;oA
o \ JA
3 / \

Z 20007
£ 1500]

1000 ! | | |
200 400 600 800 1000 1200

Raman shift/cm™

K4 #dh A ~D LLRFTIRR Raman HUR OGS

Fig.4 Raman spectra of samples A ~D and substrate

= 1000
;800
600
400435/
200 ‘;’

7741’]0&42“""[1580(]'))

Intensity/a

= 3000 —ZnouMngs0(C)

— N
(=]
(=B ]

o

10461093

72110.935M110.0|50(B)
1093

800
600
400
200 e

Intensity/a. u. Intensity/a

— ZnO(

60 A) 1093

400

Intensity/a. u.

200 /446

600F 562 —Glass subtrate 1093

I
el \ i

1 1
400 600 800 1000 1200

Raman shift/cm™
K5 Fedh A ~D LURFTIRHY Raman SULEG EHE
Fig.5 Fitted Raman spectra of samples A ~D and substrate
AFEE R, Vi H E, Chigh) #R 31 A9 Raman
HUNIEZERS 2 434 om ™' UEHIRE S B DR MR I
BUF R RED 450 X — R A3 8] T XRD 4521 1)

Intensity/a. u.

WESE, 527 em ™' & PR A (LT A B
AM2) B B Z AT Mn 38246 &, R Mn®*
TAPAREE Zn® T R, Fr L Mn® " i Zn® ]
3| A\ — S 1 Ak S0 B S — SR B A
[ggLioael Cheng 2511 Bundesman 251 ZERF 5T
Ce Sh Al Ga il Fe #8421 ZnO W} % BL T 2548
IR, B A AT NI R XA IR IR T AE ZnO
Mg Mn 2= 51 A AER 307 (E AR R
Mn 24575 R A AIEIR S, FELRZLHE I Mn #5824 &
(I TRV IEN AN 1ZAS B, TEFRATTISE R,
R Mn FER -8 %] 5. 6% (K& C)
AM2 B AE R 2 523 em ! BT LUZIG ST 3 N 1%
VT BRBA A Mn 22515 R AR AER ), XRD
SRR FESL C BR T (002) AT T I 44 R
HAWAT S, B Mn 48448 ZnO fh % T8
T Zn®* IS I ARIBE, L AN 25 6 B ] R
SREMME AR, FEE, Chigh) R 120
HMFAETSY D Raman #1445 38 Bk AMI PR3
AR S A5, X — B ] RE A2 o 2 e = Ak
BARER, IEAF, Raman YEigil & & B 1 046 cm ™!
AEE LT Raman U5, SCHK[ 6 ]t A 25U
AR AR, dRSEHE N Mn BEIR 04U E 15. 8%
(FES D), AM2 AR U4k 2L 2282 2 519 em ™' AMI
MRS AL E 610 em ', HXT TRES: B, AEM
D N Mn BB A5 A T £ (1) & JC P o
BB X EE T BB FE IR T Zn RO Y JR BT
HEZ, INTTREAR T ¢h 1 B 25 J8 4 HE 3 i =
A ERRY I S ECT ORI S, R, XRD
S5 RARIEALEIZ Mn B2 B 2544 T, ZnO: Mn AR
S EI(002) ,(100) FA(101 ) FF U4, {HIE5RAR
55 , R N IR A AR AR SR | IXE 2 A T
KB, FESL D 7E 240 cm ™' Fl 647 em ™' B 5
MR IR, HE AR SCER [ 12] A Rk
1B V2S5 FE = R i Mn #8220 Zn0 AR
;1T 647 em ™ 7 B AR SOk HF MnO, 1
B B T 4G Ak A3 5] T 3
AR B 25 FAIESL

4 %

R PR A2 D 8 WL AR B S IS b 1 48 1 AT
M B2 ) Z00: Mo FI5E. 52510 700 3
&N ,437 em ™" 4k | Y Raman FFEIELH ZnO
BRI T RAFRIS LB 4540 . 24 Mn BEJR 41



559 1 2 ¥, % Mn B85} ZnO: Mn H#EIRES A FEE R 20 1171

BN 1. 5% HmE] 5. 6% i} ,437 em ™' kb A Raman
B ZE R 2 423 em ™', UL Mn #E A ] ZnO i
P, AR 2 S M AP e 4544, 38 0 Min
B E G R T s T R EfE Z ., 1E
YRLEHE I Mn BEJR 70 8 15. 8% ik #f, 5 Mn
B 527 em ' ALY Raman 7 1E BT 4 A2
2 519 em ' BXOEH THEE Mn B0 0,

AR B ES Raman 16 P4 328 37 14 98, DT 98
INEFPR BN 7 2 5 BT AR DGR R, B
SEOZIRNE I M3, 4 Mn BER 734K
K 15. 8% W), W FF Bl R R B Mo 77 AR Y 240
em "' Ab A Raman FRAEECST 4 H PH 647 em ™' ALY
Raman T IEFIA MaO 977 A | IR JHE IR 2 &t o
HARZE IZEELIRE] T XRD Al SEM 45 FAGIESE

& % X #:

[ 1] JinZ, Fukumura T, Kawasaki M, et al. High throughput fabrication of transition-metal-doped epitaxial ZnO thin films: A
series of oxide-diluted magnetic semiconductors and their properties [J]. Appl. Phys. Lett. , 2001, 78 (24) :3824-3827.

[ 2 ] Dietl T, Ohno H, Matsukura F, et al. Zener model description of ferromagnetism in zinc-blende magnetic semiconductors
[J]. Science, 2000, 287:1019-1022.

[ 3 ] Norton D P, Pearton S J, Hebard A F, et al. Ferromagnetism in Mn-implanted ZnO: Sn single crystals [ J]. Appl. Phys.
Lett. , 2003, 82(2) :239-241.

[ 4 ] Behan A J, Mokhtari A, Blythe H J, et al. Two magnetic regimes in doped ZnO corresponding to a dilute magnetic semi-
conductor and a dilute magnetic insulator [ J]. Phys. Rev. Lett. , 2008, 100(4) :047206-14.

[ 5] Zhang Y, Li T, Wang Y X, et al. Recent progress in developing magnetic properties of Mn-doped ZnO diluted magnetic
semiconductors [ J]. Adv. Mater. Res. , 2012, 535-537:1252-1257.

[6 ] NiSL, Chang Y Q, Duo Y Z, et al. Raman and photoluminescence properties of Mn doped ZnO nanowires [ J]. J.
Funct. Mater. (1 feA4#E) |, 2007, 38(8) :1380-1382 (in Chinese).

[ 7] Zhao X F, Wen D Z, Gao L X, et al. Preparation research of ZnO thin films at room-temperature by DC magnetron sputte-
ring [J]. J. Synth. Cryst. (AT 4R 54R), 2008, 37(2) :461-465 (in Chinese).

[ 8] SuXQ, Wang L, Chen J B, et al. Properties of ZnO thin films with effect of substrate temperature by PLD [J]. Acta
Photonica Sinica (F %), 2010, 39(2) :296-300 (in Chinese).

[ 9 ] Teng X Y. Physical Characteristics of ZnO and ZnO-based Diluted Magnetic Semiconductors Fabricated by PLD [ D].
Tianjin: Hebei University of Technology, 2011 (in Chinese) .

[10] Ke X W. Deposition and Ion Implantation of ZnO Thin Films [ D]. Wuhan; Wuhan University, 2011 (in Chinese).

[11] Duan L B, Rao G H, Wang Y C, et al. Magnetization and Raman scattering studies of (Co,Mn) codoped ZnO nanoparti-
cles [J]. J. Appl. Phys. , 2008, 104(1) :013909-1-5.

[12] Zhong H M, Wang J B, Chen X S, et al. Effect of Mn" ion implantation on the Raman spectra of ZnO [J]. J. Appl.
Phys. , 2006, 99(10) :103905-1-3.

[13] Yang L W, Wu X L., Huang G S, et al. In situ synthesis of Mn-doped ZnO multileg nanostructures and Mn-related Raman
vibration [ J]. J. Appl. Phys. , 2005, 97(1) :014308-14.

[14] Li T, Jie Q, Zhang Y, et al. Influence of working pressure on the structural properties of ZnO: Mn thin films [J]. Chin.
J. Lumin. (ZX54R) , 2013, 34(6) :711-715 (in Chinese).

[15] Cheng B C, Xiao Y H, Wu G S, et al. The vibrational properties of one-dimensional ZnO: Ce nanostructures [ J]. Appl.
Phys. Lett. , 2004, 84(3) :416-418.

[16] Bundesmann C, Ashkenov N, Schubert M, et al. Raman scattering in ZnO thin films doped with Fe, Sb, Al, Ga, and Li
[J]. Appl. Phys. Lett. , 2003, 83(10) :1974-1976.

[17] Wang J B, Huang G J, Zhong X L, et al. Raman scattering and high temperature ferromagnetism of Mn-doped ZnO nano-
particles [ J]. Appl. Phys. Lett. , 2006, 88(25) :252502-1-3.

[18] Cao P, Bai Y, Qu Z, et al. Structural and optical properties of Mn-doped ZnO nanocolumns grown by cathodic electro-
deposition [J]. Chin. J. Lumin. (XK 5F4R), 2010, 31(5) :635-638 (in Chinese).

[19] DuCL, GuZ B, YouY M, et al. Resonant Raman spectroscopy of (Mn,Co)-codoped ZnO films [ J]. J. Appl. Phys. ,



1172 % & 15 %34 %

g

2008, 103(2) :023521-14.

[20] Phan T L, Roger V, Cherns D, et al. Electron spin resonance and Raman studies of Mn-doped ZnO ceramics [J]. J.
Appl. Phys. , 2007, 101(9) :09H103-1-3.

[21] Huang Y Q, Liu M D, Li Z, et al. Raman spectroscopy study of ZnO thin films [J]. J. Funct. Mater. ( F5 8641 #1) ,
2002, 3(6) :653-655 (in Chinese).

[22] Buciuman F, Patcas F, Radu C, et al. Vibrational spectroscopy of bulk and supported manganese oxides [ J]. Phys.
Chem. Chem. Phys. , 1999, 1:185-190.

ESEFHY N1E“2012 F 1 E E BRI DL FF AR EF]”

I H o ERRE SO PPN ST O RS PR 2 18O TR I A 2, R A T B R
FIE BRI PEN IR . (RIGFIRY AE“2012 HEE BRI F AT, ks, hE
BT R RS  E AR ST R A BE TR

5 e R A L I PR R i A AR ) rp R R PR 5 2E AR ) R AR A AR
PR HEHR S (2012 B ) (fRIFRCCAJ - IJCRY) , 4% 2011 4E FF i [E 22 A T 9k SCI W17 SSCI 351 1) 4y i b
IR M FHER , 225 BT &3 2k 1 TOP 5% IR TOP 5% ~ 10% M11), Hod B
FIE STy 3533 Fl, il B 71 175 Fe2012 w B B E BRI 22 AR A A SCHRR 4k
WA 680 Flt, 2kt 34 Fl <2012 wf iR HLE PREE M S AR M T . [IRE, e AL 2 <2012 [ E PRy
Wi F3 0T 2 AR T 175 T, ASCHRFE <2012 v [E E FR 2 S0 7522 AR BT 734 #, 4h41 209 F, jxuk
WP 2 ZAE PR AT HE S SCI SSCI #H I b, ik 35 30 22 AR Pl B 27 B4 lus 74 N8k
FA, R 7E BB 418 A shSCI IRk 312 A, B HLA A 2S5 00 g ) B PR AL )

(RAFR)
BIFFA2012FEERE P LEFFZANEAT
R BLIE

; AR

R AN e—;@gmﬂw%ﬁr i chmn m@ﬂ#&ﬁﬁﬁﬁ%}m%
\ 4 s f e Mg / | g
\\ o/ \E # g / N\ Fhsint
o N o ekl

L0 =

iy






