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Optical and electrical properties of
CuCr-\Mg,0, (0=x=0.09) thin films

LI Yang-chao, ZHANG Ming, DONG Guo-bo, ZHAO Xue-ping, YAN Hui

(College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: A series of CuCr;-Mg,0, (0=x=0.09) thin films were deposited on quartz substrates using radio frequency
magnetron sputtering. The structures, optical and electrical properties of CuCrg ;Mg 09O, thin films were investigated by
diffractometry, double-beam spectrophotometry, electrical property measurement, respectively. XRD pattern indicates
that all films are of 3R polycrystalline delafossite phase with good crystallinity after annealing. The conductivity of film
has a notable improvement with increasing Mg. The conductivity at room temperature is 6.16x10% S/cm for x=0.09
which is nearly 400 times higher than that undoped CuCrO, film. The p-type nature of films is confirmed by Hall
measurements. The temperature dependence of electrical conductivity agrees well with the Arrhenius rule in the range of
200—300 K for all samples, and the minimum activation energy is 0.034 eV with x=0.09. Both average transmittance and
optical band gap of CuCr;-,Mg,O, films decrease with the increase of Mg concentration.
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Fig.2 Optical transmittances of CuCr;-,Mg,0O, films

1 CuCr,_MgO, (0=x=0.09)

Table 1 Film thickness, direct band gap and activation energy

of CuCr;- Mg, 0, (0=x=0.09) thin films

COCMEO: oo gy enegyl?
x=0 460 3.10 0.145
x=0.02 450 3.02 0.046
x=0.04 490 2.98 0.039
x=0.05 480 2.95 0.037
x=0.09 440 2.92 0.034

2.3

CuCr,_Mg,0, (0=x=0.09)

(9)

Fig.3 Plots of (ahv)* vs hv for CuCrg ;Mg 090, thin film
_2 L
x=0.09
T =005
=
5 -6k x=0.04
wn,
s T
& x=0.02
_] 2 1 1 1

3.6

4 CuCrl,ngxOZ

3.8

40 42

44

4.6
707Kk
1000/T Ino

Fig.4 Plotsof T “LvsIn o for CuCr;_,Mg,0;, films

4.8

5.0



20 5 CuCr,_Mg,0, (0=x=0.09) 901
Cu'd CuCr,-.Mg,0, Arrhenius
Mg
[12] cut cu? Ccu? REFERENCES
d CuCr,_Mg,0,
Mg [1] KAWAZOE H, YASUKAWA M, HYODO H, KURITA M,
Mg YANAGI H, HOSONO H. p-type electrical conduction in
transparent thin films of CuAlO,[J]. Nature, 1997, 389:
939-942.
[2] YANAGI H, HASE T, IBUKI S, UEDA K, HOSONO H.
(300K) CuCri-Mg,0, (0=x=0.09) Bipolarity in electrical conduction of transparent oxide
Mg ( 5) 5 semiconductor CulnO, with delafossite structure[J]. Applied
x=0.09 6.16>10° S/cm Physics Letters, 2001, 78(11): 1583—1585.
CuCrO, 400 [3] UEDA K, HASE T, YANAGI H, KAWAZOE H, HOSONO H.
CuCrO, Epitaxial growth of transparent p-type conducting CuGaO, thin

CuCr,-Mg,0,
CuCr.91Mgo.090;
3.51<10"%cm™
+1.78 cm °/C
CuCr-Mg,0, p

0.11 cm*/(V-s),

107!

-2

=
t
T

o/(S+em™h)

DI
o
T

L
1074 .

0 0.02 0.04 0.06 0.08 0.10
X

5 CuCI'leMgXOZ

Fig.5 Room temperature conductivities of CuCr;_Mg,O,

films
3
1)
CuCr,_,Mg,0, (0=x=0.09)
(012) Mg
2) Mg CuCr,-.Mg,0,
3)
x=0.09 6.16<1072S/cm
0.034 eV 200~300 K

films on sapphire (001) substrates by pulsed laser deposition[J].
Journal of Applied Physics, 2000, 89(3): 1790—1793.

[4] BARNABE A, MUGNIER E, PRESMANES L, TAILHADES P
H. Preparation of delafossite CuFeO, thin films by rf sputtering
on conventional glass substrate[J]. Materials Letters, 2006, 60:
3468-3470.

[5] LI Da, FANG Xiao-dong, DENG Zan-hong, ZHOU Shu, TAO
Ru-hua, DONG Wei-wei, WANG Tao, ZHAO Yi-ping, MENG
Gang, ZHU Xue-bin. Electrical, optical and structural properties
of CuCrO, films prepared by pulsed laser deposition[J]. Journal
of Physics D: Applied Physics, 2007, 40: 4910—4915.

[6] DUAN N, SLEIGHT A W, JAYARAJ M K, TATE 1J.
Transparent p-type conducting CuScO,, films[J]. Applied
Physics Letters, 2000, 77(9): 1325-1327.

[7] JAYARAJ M K, DRAESEKE A D, TATE J, SLEIGHT A W.
p-type transparent thin films of CuY,_.Ca,O,[J]. Thin Solid
Films, 2001, 397: 244-248.

[8] KUDO A, YANAGI H, HOSONO H, KAWAZOE H. SrCu,0,:
A p-type conductive oxide with wide band gap[J]. Applied
Physics Letters, 1998, 73(2): 220-222.

[9] HIRAMATSU H, ORITA M, HIRANO M, UEDA K, HOSONO
H. Electrical conductivity control in transparent p-type.
LaO(CuS) thin films prepared by rf sputtering[J]. Journal of
Applied Physics, 2002, 91(11): 9177-9181.

[10] HIRAMATSU H, UEDA K, OHTA H, HIRANO M, KAMIYA
T, HOSONO H. Wide gap p-type degenerate semiconductor:
Mg-doped LaCuOSe[J]. Thin Solid Films, 2003, 445: 304-308.

[11] NAGARAJAN R, DRAESEKE A D, SLEIGHT A W, TATE J.
p-type conductivity in CuCr,, Mg,O, films and powders[J].
Journal of Applied Physics, 2001, 89(12): 8022—8025.

[12] HUANG Hua, ZHU Chang-fei, LIU Wei. The preparation of
p-type transparent conducting oxides CuCr,,Ca,O, and research
about its electrical and optical property[J]. Chinese Journal of
Chemical Physics, 2004, 17(2): 162—164.

[13] LIU Min-ling, HUANG Fu-giang, CHEN Li-dong. p-type

electrical conduction and wide optical band gap in Mg-doped



902 2010 5
CuAlS,[J]. Scripta Materialia, 2008, 58: 1002—-1005. [22] P

[14] DONG Guo-bo, ZHANG Ming, LAN Wei, ZHU Man-kang, [D]. : ,2008: 73-76.
YAN Hui. Electrical transport properties of Cu,AlO, ceramics[J]. LIU Ming-ling. Design, preparation and properties study on
The Chinese Journal of Nonferrous Metals, 2007, 17(9): novel chalcopyrite-based p-type transparent conductor[D].
1471-1474. Shanghai: Shanghai Institute of Ceramics, Chinese Academy of

[15] LEEM S, KIM T Y, KIM D. Anisotropic electrical conductivity Science, 2008: 73-76.
of delafossite-type CuAlO, laminar crystal[J]. Applied Physics [23] s s . [M].

Letters, 2001, 79(13): 2028-2030. ,2003.

[16] ZHENG S Y, JIANG G S, SUJ R, ZHU C F. The structural and LIU En-ke, ZHU Bing-sheng, LUO Jin-sheng. Physics of
electrical property of CuCr,_Ni,O, delafossite compounds[J]. semiconductor[M]. Beijing: Publishing House of Electronics
Materials Letters, 2006, 60: 3871-3873. Industry, 2003.

[17] DONG Pei-ming, ZHANG Ming, DONG Guo-bo, ZHAO [24] [M].

Xue-ping, YAN Hui. The optical and electrical properties of , 1991.

Zn-doped CuAlO, thin films deposited by RF magnetron XU Yu-long. Semiconductors of oxide and compound[M]. Xi’an:
sputtering[J]. Journal of the Electrochemical Society, 2008, Publishing House of Xi’an Electronics and Technology
155(5): 319-322. University, 1991.

[18] DONG Guo-bo, ZHANG Ming, LAN Wei, DONG Pei-ming, [25] HAYASHI K, SATO K, NOZAKI T, KAJITANI T. Effect of
YAN Hui. Structural and physical properties of Mg-doped doping on thermoelectric properties of delafossite type oxide
CuAlO; thin films[J]. Vacuum, 2008, 82: 1321-1324. CuCrO,[J]. Japanese Journal of Applied Physics, 2008, 47(1):

[19] DONG Guo-bo, ZHANG Ming, ZHAO Xue-ping, LI Yang-chao, 59-63.

YAN Hui. Influence of working gas pressure on structure and [26] OKUDA T, JUFUKU N, HIDAKA S, TERADA N. Magnetic,
properties of CuAlO, films[J]. Journal of Crystal Growth, 2009, transport, and thermoelectric properties of the delafossite oxides
311: 1256—-1259. CuCr;-,Mg,0, (0=x=0.04)[J]. Physical Review B, 2005, 72(14):

[20] KYKYNESHI R, NIELSEN B C, TATE J, L1 J, SLEIGHT A W. 144403-1-4.

Structural and transport properties of CuSc;-.Mg.0,., [27] DENG Zan-hong, FANG Xiao-dong, LI Da, ZHOU Shu, TAO

(21]

delafossites[J]. Journal of Applied Physics, 2005, 96(11):
6188—6194.

LIU Min-ling, HUANG Fu-qiang, CHEN Li-dong, WANG
Yao-ming, WANG Ying-hua, LI Gui-feng, ZHANG Qun. p-type
transparent conductor: Zn-doped CuAlS,[J]. Applied Physics
Letters, 2007, 90(7): 2019-1-3.

Ru-hua, DONG Wei-wei, WANG Tao, MENG Gang, ZHU
Xue-bin. Room temperature ozone sensing properties of p-type
transparent oxide CuCrO,[J]. Journal of Alloys and Compounds,
2009, 484: 619-621.



