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Fig. 1. Evolution of RHEED line image of buffer layer dur-
ing epitaxial growth of ZnO: (a) Oxygen plasma treated
sapphire (0001) surface; (b) MgO buffer layer surface in
two-dimensional nucleation stage; (c) the MgO buffer layer
begins to grow into three-dimensional islands; (d) thin lay-
er low temperature ZnO buffer layer grown on MgO; (e) an-
nealed ZnO buffer layer exhibits a flat two-dimensional sur-

faceldl.

4SRRI ZnO I, THER T 30°HY I N i 2R
A B REAR TR AR A R, (A AE
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2, SEELT ZnO SMEE T O B E — 45l [
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A AL, ST Zn B X — . Park 4 10
7 cHEFEA FHAMET 2.5 nm JER CrN #)2,
SCERT Zm MR —E K, IR O A ik
B A 3.5 nm J& Cry04 )2, ST O etk
F ¥ — A IE A K. Xie 45 U7 #E (0001)GaN/c [fi
WEAME AR L, FIH Zon R, 5
BT VEMTBENS Y ZnO/GaN Fhim, Wik 3 B,
UE T ZnO AMEZH) Zn MYy —A K. B2, il
GEop R REABAEERFB, BT M
ST IR B AME R ZnO R 4h 5 IR RS E TR
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s Mg Zn-polar
e Zn
Qo0
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Rock-salt MpO
Wurtzite MgO Wurtzite MgO
(Wetting layer) (Wetting layer)

O 0 0O 0 ©O e-Sapphire
(a) (b)

c-Sapphire

K2 ZnOTE cH¥EE A EETHIIRER  (a) BE
1 nm i MgO Z& i)z (b) JRERT 3 nm 1Y MgO L)z 14
Fig. 2. Schematic diagram of atomic arrangement of ZnO
on c-sapphire: (a) MgO buffer layer with a thickness of 1 nm;
(b) MgO buffer layer with a thickness greater than 3 nm!'.

BF-STEM image

ADF-STEM image

(b)

Kl 3 ZnO %5 GaN S5 At i STEM [E1%, iliid Zn H
P, Ps T IBIBENS Y S, FRAE T ANE)Z ) Zn AR — 07
Fig. 3. The STEM image of the hetero interface between
ZnO and GaN, and it is protected by Zn beam, which ob-
tains a clear and sharp interface and ensures uniformity of
Zn polarity in the epitaxial layer[!7.
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AN P 3 BHAR A A S AR R O [ B AY
ZnO HufhatJEe, FEBR T 196 12 A% D IE AT e )
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ISR E Zn/O MPETI LSRR, P25 ) Hh
Pl SME R — AR R LR 20 28 70 4RAR,
Helbig"s! gt M H] Zn 28 IR T7 1%, B4 T 8
ik 20g MR R SE ZnO Bk 41 kL 2 20 it 22
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FAMEBEE A (HE, S T RIS EE S B B R
) P SRR, Ah G BEAR I SR A B HLAR BT
HEL. WA, HAZR S IEAF (Tokyo Denpa
Co. Ltd.) 5 H AZR L K% (Tohoku University)
K HAR=ZZET. (Mitsubishi Chemical Corporation)
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L% B2 EPD {UCh 80 em 2, iX & ik ) & K H
(epi-ready) ZEK. SR, 5 LR A ERE R, H
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WEBIIUE, 146 Li, K, Al Fe 5. JFERIME
R AR TUTR E R, T i — PRk
G AR 22 B et SIS EE e AT A B R T ik
PR 2324, RO AE R BTSN E S5 E T, Ao G A PE i
PEA T OIIE, Bom e # , Zn/O B S LA
DL R e TR %) 3 45 28 1l 1 59 00 v Jo i K A D At
Zit. Kato 55 P20 7 Zn fl M ZnOF S ICK T,
FIHE O WRIAAM:, LT ZnOMER) — 4K
e, A TEARA TN 2.2 x 10% em 3, HIR T
BN 158 cm?/Vs [1#) ZnO H 5. 8 o i —
AT O/ Zn B F B, 7E Zn AR PR A4S AR
HE O BHMEIREE, Park 55 27 3845 (0002) # £2
HH £ 1) FWHM UK 13 arcsec, H. 2% ML RS (Y
0.9 nm B E 45 AR ZnO BRI, 1555 T
ZnO SRS R B, A S R Y 45 5 B
Wk —3 3] THHIE, Tsukazaki 5 28 78 Zn
B ZnO H A IS LA E T MgZnO/Zn0 5 Jii 25
S, ARA T TR R A 180000 cm?/Vs [
Yo ARG, ST B TR R RN, R
I A T AR S . TR
B4 i BUE I RIE T, ANk 4 FT7R, Nakahara
S5 AR Zn Mtk ZnO B RIE B, A (NH;)
A (N) P, LT p A N:-MgZnO WA £, 3K
14T R 2 382 nm, HithThFIk 70 pW K
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e X — RIVETRUY T ZnO
JIE R NI A v 45 o B A 1Y) T R S AL 2 AR 5
feft T HE AL

‘m Jll IIIl

Kl 4 N2 MgZnO MR+ KM%, HREE 7 0.72 nm>)
Fig. 4. Atomic force image of N-doped MgZnO film with

roughness of 0.72 nm/?’.
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0[30—46]’ Beanl_l.OW*‘r’i‘] PN Belngan_z_yO[M*G?]
)4 4 At B ST BRL7E 50 0 BE R RS BRI B 55,
Kl 5 . 1T MgO M3 F R fb A &
e, Nt w BT, Y Mg & &8
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SRS FRATIF TR AR 35 A MgO SAIK I,
FERE T AR T Mg 44005 | sl i i s e
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A),Zn(1.22 )5 BeO HISHEHEL (a=2.698 A; c=
4.38 A) . ZnO /MR £ 1 S5 Be & 27 [A]7E
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B ) 3 B e ALY Be 5 A (50671 PRI
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A g H RO B L P AR AR AR, A T sk
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RS L, BeMgZnO R R IWFIY 325 T ok b
LI TE. HEF], Mg ILH242 0 1.41 Al64, T
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B 5 < AR RH B ARE P, ] I SIS Y Bt 5 bt
BRATYE R (5 ZnO g PCRL)Po-oT586162 i A
£ BeMgZnO/ZnO 55 5 Jit 45 AL 4k, 77 LL3dE
Be, Mg FL B I, SCER; A8 A iE J2 7 5 i AR
RN AR Z [ AR, il B kA5 AR A T )
A, SR DOR G SR R BRI — 4 X

O

@

kWurtzite—E
10

1\

Rocksalt-MgO

\ Wurtzite-
6

MgO T

Bandgap/eV

4 [

|

e
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Bl 5 IEEY R BT s W B R

Fig. 5. Relationship between band gap and lattice constant of group II oxide semiconductors.
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Fig. 6. (a), (b) Strain stress type and piezoelectric polarization direction in two-dimensional electron gas system; (c) variation of

strain type with composition ratio in BeMgZnO system![5.
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Fig. 7. Depth distribution of impurity concentration in ZnO
thin films: (a) Distribution of Si, Mo, Ta and Al in uninten-
tionally doped layers; (b) longitudinal distribution of donor-

type impurity elements after suppression(™.
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Fig. 8. SIMS data of impurity elements in epitaxial layers on ZnO single crystal substrates/s?.

(a) As-grow Zn (b) Annealed Zn
| 1150 C
106 106
o) (6]

2105 | a >
510% 1 g 10
> | Al =
+ +
=] =]
g g
E o =)
0 0
2 2
wn wn

103

102 ..__.lu

0

20 40 60 80 100 0 20 40 60 80 100
Mass/amu Mass/amu

B9 PR ZnO B S ATR 7R A B T 48 1150 °C iRk Th A, 24 BRR 28 & b A8 A 1 i 122
Fig. 9. Changes in impurity types and contents of O-polar ZnO single crystal substrate after annealing at 1150 °C for 1 hour in an

oxygen atmosphere?],

Film Substrate

1020 |||||1||r||\||||l\|r||||||||||||||\;
511111[! I (b)

As-received

:? 1019 E
g E
o
~
o
8
g 10 3
] HCI etched {
8 J
=]
9] - _
° 107F =
if) 3
I Background
101 (] U IV PRI IS RIS I DU

0 05 10 15 20 25 3.0 35
Normalized depth

K10 (a) iR FR 20005 B9 ZnO B Zn fRAE R ; (b) Fi R ZI MRS , SiT0 3R 5 B 734 18152
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ment before and after being etched dilute hydrochloric acid®!82.
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Abstract

IT-oxides wide-bandgap semiconductor, including the beryllium oxide (BeO), magnesium oxide (MgO), zinc
oxide (ZnO), have large exciton binding energy (ZnO 60 meV, MgO 80 meV), high optical gain (ZnO 300 cm!)
and wide tunable band gap (3.37 eV ZnO, MgO 7.8 eV, BeO 10.6 eV), which are the advantages of achieving
low-threshold laser devices in the ultraviolet wavelength. It is also one of the important candidates to replace
the traditional gas arc lamp (such as mercury lamp, deuterium lamp, excimer lamp, xenon lamp etc.) as the
source of deep ultraviolet and even vacuum ultraviolet. Although, during the past decades, the ZnO-based pn
homojunction devices have made great progress in the near-UV electroluminescence, but as the band gap
broadens, the acceptor (or donor) ionization energy becomes higher (On the order of hundreds meV), which
causing the room temperature equivalent thermal energy (26 meV) cannot make the impurities ionizing
effectively. In addition, the self-compensation effect in the doping process further weakens the carrier yield.
These above drawbacks have become the bottleneck that hinders II-oxides wide-bandgap semiconductor from
achieving ultraviolet laser devices and expanding to shorter wavelengths, and are also a common problem faced
by other wide-bandgap semiconductor materials. The regulation of the electrical and luminescent properties of
materials often depends on the control of critical defect states. The rich point defects and their combination
types make the IT-oxides wide-bandgap semiconductors an important platform for studying defect physics. For
the identification and characterization of specific point defects, it is expected to discover and further construct
shallower defect states, which will provide a basis for the regulation of electrical performance. In this paper,
recent research results of II-oxides wide-bandgap semiconductors will be described from three aspects: high-
quality epitaxial growth, impurity and point defects, p-type doping and ultraviolet electroluminescence.
Through the overview of related research works, II-oxides wide-bandgap semiconductors are clarified as deep
ultraviolet light sources materials. Meanwhile, indicates that the key to the regulation of electrical performance

in the future lies in the regulation of point defects.
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