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Near-UV emitting diodes composed of wide band gap oxide semiconductors, p-SrCu.0. and n-ZnO heterojunctions,
were fabricated and their emission properties were investigated. Single crystal ITO thin films with very flat surfaces
were grown using PLD on Y SZ substrates, and ZnO films were heteroepitaxially grown on the ITO surfaces. p-SrCu.O-
(112) was preferentialy grown on ZnO(0001) at 3501 , while the preferentia plane was changed into the (100) when
the temperature was increased to 6000 . This device exhibited rectifying 1-V characteristics inherent to p-n junction
whose turn-on voltage was about 3 V. A relatively sharp electro-luminescence band centered at 382 nm was generated
by applying the forward bias voltage larger than the turn-on voltage of 3 V. The red shift in the EL peak was noticed
from that of photo-luminescence (377 nm), which was most likely due to the difference in the excited state density be-
tween the emission processes. The EL band is attributed to transition in ZnO, probably to that associated with electron-
hole plasma. UV-LED performance characteristics such as threshold current and conversion efficiency was improved
with higher SrCu.O. deposition temperatures.
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Fig.1 Schematic illustration of the LED structure. ITO and
Ni are used as n- and p-electrodes, respectively.
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Fig. 2 (@) Out-of-plane XRD pattern and (b) rocking curve
of ITO thin film grown a 9000 on YSZ(111) sur-
face.
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Fig. 3 AFM image of ITO thin film grown at 9000 on YSZ
(111) surface.
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Fig. 4 Out-of-plane XRD reciprocal-space mappings of

multi-layered films of Nil SrCu.0.1ZnOIITO depos-
ited on YSZ(111) substrate. Growth temperatures of
SrCu:0: of sample A and B were (a) 35000 and (b)
6000 , respectively.
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Fig.5 In-plane XRD reciprocal-space mappings of multi-

layered films of Nil SrCu.0.1ZnO0ITO deposited on
Y SZ(111) substrate. Growth temperatures of SrCu.O-
of sample A and B were (a) 3501 and (b) 6000 , re-
spectively.
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Fig.6 Cross-sectiona HR-TEM images of near the p-n het-
erojunction, SrCu,O; (top)lZnO (bottom). Growth
temperatures of SrCu.0. of sample A and B were (a)
3500 and (b) 60001 , respectively.
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Fig. 7 Typica 1-V characteristics of fabricated diode com-
posed of p-SrCu:0.0n-ZnO heterojunction. Growth
temperatures of SrCu.O; of sample A and B were (a)
3500 and (b) 60001 , respectively. The both diodes
exhibited rectifying |-V characteristics inherent to p-n
heterojunction.
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Fig.8 Near-UV emission spectrum of p-SrCu.0O21n-ZnO p-n

heterojunction LED. EL: emission due to current in-
jection, PL: photoluminescence excited with 325 nm
He-Cd laser light, PV: action spectrum for photo-
voltage (Photo-voltage of 0.26 mV was obtained
when excited with monochromatized 0.2 mW Xe
lamp at A O 374 nm).
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Fig.9 Near-UV emission spectra of the p-SrCu.0.l n-ZnO
heterojunction LED for several currents. Growth tem-
peratures of SrCuO, of sample A and B were (a) 350
0 and (b) 6001 , respectively.

goooboOoooocooOos3sooooooooooo
go0o0o000oodecod DO0O0O0O0OO0O0O0O0O0O0OO
oboogoo
OSO0pnO0OO0O0O0OO0O00OO0OO0O0O0 SCwG 0000
goooooboooooooboooooooo
00000000 1020 000000000000
gooooooooobooooooooooooboboooon
goooooooOooo Lteb0ooooooOogooO
0o

Emission intensity (a.u.)

Bias voltage (V)

Fig. 10 LED emission intensity as a function of injection
current. The turn-on voltage is about 3 V.

g O

1) D.G. Thomas: J. Phys. Chem. Solids 15, 86 (1960).

2) F.H. Nicoll: Appl. Phys. Lett. 9, 13 (1966).

3) D.C. Reynolds, D.C. Look and B. Jogai: Solid State
Commun. 99, 873 (1996).

4) D.M. Bagnal, Y.F. Chen, T. Yao, S. Koyama, M.Y. Shen
and T. Goto: Appl. Phys. Lett. 70, 2230 (1997).

5) M. Kawasaki, A. Ohtomo, |. Okubo, H. Koinuma, Z.K.
Tang, P. Yu, G.K.L. Wong, B.P. Zhang and Y. Segawa:
Mat. Sci. Eng. B 56, 239 (1998).

6) B.W. Thomas and D. Walsh: Electronics Lett. 9, 362
(1973).

7) T. Minami, M. Tanigawa, M. Yamanishi and T. Kawa
mura: Jpn. J. Appl. Phys. 13, 1475 (1974).

8) T. Aoki, Y. Hatanaka and D.C. Look: Appl. Phys. Lett.
76, 3257 (2000).

9) M. Joseph, H. Tabataand T. Kawai: Jpn. J. Appl. Phys.
38, L1205 (1999).

10) H. Kawazoe, M. Yasukawa, H. Hyodo, M. Kurita, H.
Yanagi and H. Hosono: Nature (London) 389, 939
(1997).

11) H. Yanagi, H. Kawazoe, A. Kudo, M. Yasukawa and H.
Hosono: J. Electroceram. 4, 407 (2000).

12) A. Kudo, H. Yanagi, H. Hosono and H. Kawazoe: Appl.
Phys. Lett. 73, 220 (1998).

13) A. Kudo, H. Yanagi, K. Ueda, H. Hosono, H. Kawazoe
and Y. Yano: Appl. Phys. Lett. 75, 2851 (1999).

14) H. Ohta, K. Kawamura, M. Orita, N. Sarukura, M. Hirano
and H. Hosono: Electronics Letters 36, 984 (2000); Appl.
Phys. Lett. 77, 475 (2000).

15) H. Ohta, M. Crita, M. Hirano, H. Tanji, H. Kawazoe and
H. Hosono: Appl. Phys. Lett. 76, 2740 (2000).

16) H. Ohta, H. Tanji, M. Orita, H. Hosono and H. Kawazoe:
Mat. Res. Soc. Symp. Proc. 570, 309 (1999).

17) N. Taga, M. Maekawa, Y. Shigesato, I. Yasui, M. Kamei
and T.E. Haynes: Jpn. J. Appl. Phys. 37, 6524 (1998).

18) J.M. Hvam: Phys. Status. Solidi B 63, 511 (1974).

— 14—



