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K R P AE GaN B, i3 HaPO4 ZI 1A SiO, N, #REBEAL T VAR GaN HEREEAT R i A& %, 07T
TR AN GaN #HBDCEOE I KR, §F TR, HaPO4 ZI1xt tis GaN R 1 5 41520t A5 1
FIASK, H SRR WA R 3R E; 28 Si0, N, HARR AL GaN S AMOE R 7RI 12— 13 1%, [
)6 A) L5 AT B R 0. @ B Hs POy ZIPh A1 Si0, N, SR AL ) = IR AR 566, PRI TR
P GaN BAN G L A7 PO M ST G IS S AR S BEATLEE.

KBEIR: GaN, RIS, 560
PACS: 78.55.Cr, 78.68.4+m, 81.65.-b
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GaN J& — i F5 2541y B ey B SR A R, B4
TEIE 6RO T R IR L 54 SR O
BT AR B R 0L T
— D4 i GaN 2R OG 8 L BT 2%, GaN
RIS IR IZ M 52 BT 0. FFRRIN, &
TR B N8 3 53 3B K DL B R T BB AL 3 % GaN
R A — s R 5= i R T B T LA S
HE GaN 7t B 2% . Chevtchenko 25 10
R, 2 Si0, FISIN,, Flitb b B 5, BA A F R T
WRIEM GaN /M EE0 0 (PL) G 5n 5 3
HARFIFEEE RN, %+F Si0O, A1 SIN, #lifLH GaN
VIR, B K PL ISR 30N 6.8 f5 A1 3 A, @i 4 By
BEAHT 5 GaN R BEH 25 #1424k, Chevtchenko
S DOV Ry 3R THT A5 % B (R BRI, 3k 3 8kl &
GEEM TR R OL N EEFE. Sioy Ml
SiN,, A& 5 i B2 SAREIE AT R E GaN s
B, Si04 F1SIN,, B4k 32 2 H F o038 1 W1 GaN
MR A & B -4 Gk -2 B A (MIS) 4544
GaAIN/GaN 5 Jii 45 14 3 R Bi dh 16 & (HFETs) %
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B fE 01131 Chevtchenko 25 MO [ 5 7% 45 SR %
B, R SiOo AT SIN,, i1k 7] DL BH 2 42 = GaN [
WO E TR, (515 GaAs 5 ik 2800 1% f 1 58 AH
b D40 SR AR 2 1 2 ).

A SCARTE T — P 3 GaN Y HL T 25 2F [ HL 2%
P g FOE M BE 1 SIO, N, BEALE A, 4L )5 1
GaN V[ (1) 5 /b9 e i 7 RCR G n 12— 13 %, @
5 RAEE GaN B H3 PO, Z Bl XS B, 25 AT
F T SiO, N, R HL X GaN = i FIMKIRE PL %1
SO, WS4 KW, Si0, N, R AL A 5 3 4R
T GaN 98 &= T R0%, 1 HH B8 T GaN
(2 T TEAFAE

GaN #f fIiX & 7F AIXTRON 2 & 4 7% )
MOCVD % % 4] 4 (). GaN # il 4 K 4 1,
PA (0001) [ ¥ 5 A o2 fr, DL=H R &N
AR, B = EREIRR RN 130 ¢ 1, KR
fE21050 °C, TAESE N 2.5 x 10° Pa, A=K [A]
2 h, BEZ4 pm. BAENES R EIR, GaN #ifE
2 AR, B ALE GaN .
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GaN ¥ 3% [ B 1b 22 78 = iR 2% 1~ A7 1.
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WO 5 R AT, HsPO4 A BT AN: ¥ GaN
B TEWRE 80% HaPO4 H, 2Bk ALEE 15 min.

I FH FLSP920 4= 3 e B A2 35 /1% 25 %% 6 6 ik
{0 GaN AT PLOGIE I &, K H 450 WK
Xe900 kT 1 R eI, ARIR e &% F ASR
WA AL, BN RVEREY 13 KEER. R
F DH2000-BAL A1 -0 & A 06U, 185 e 569 15 40,
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3.1 FTEAEX GaN BERRAB KA

SN
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D¢ SR N B T R AL FE AT DA 2B GaN R %
V542, Mifisd 7R EAA R AR 2 5. i
PR AL AN AR 1 AR T ARAR S A e, WAL BE AT S
WA, Rk, FRATIA R b 2[R B A 5 5K
T GaN BT SR 10 JZ BB 25 B I 35 1, 3%
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b BRI GaN WA L, 2T S 048 41 5% Sl I
{E SR FE 158 T 29 12—13 %, /& Chevtchenko %5 ['*)
K Si0 AT SiN,, Bl (1) 2 £ A1 4 7%, BEH8H SiO,N,,
R B A L2 AR, Si0, N, R
BAL AR ZE IG N TR ARG ER L, RIS, Al o
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FEERE. —MEMEEMIEZ, GaN HE TR
M4 HaPOy Z i Ab B8 28 Si0, N, SR TH 8l ik 5,
Y B AT AR H AT 1) 56 A s B, 1T 4858 Ha POy
Z0 P TR AL R R AL S B T e T AL 5
FE. X — IR EGE T HyPO, ZI il Ab 2R 35 T
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N GaN IR R TR M, Qe bff, /2 35 GaN %
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MR PR Jo 3 1 2 T A5 K AR T 2 oK e AT SLAE A
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F, LB L AR B A AS A 2B AL BRI Ok, X
PR R B 52 0 AT LI 2 O B R LB A
H, Hor A8 A7 T 565 nm AT L7 & 3 4 I B
e, — BN 5 GaN A Py N 28 R BB (V)
A e =201 i U A7 A7 T 430 nm F 3 7 5 Ol R
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2 H0 H2 5 B0 s S B AN Y Vi BB 1 B 5 0k [
ot 44 00, 50 R ) ok Ak T 28 I P VA SR T
(¥ [ Bt 384 0 7 2 T SR 2 5 53— T, Rk
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R 5 .

T 9 R T 2 T R A 1) 450 AT UAIRR Ak
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AN EHT P B A, X 5 R AL FE S 5L
AR P Vi B 5 B 18 I A 48500 — 3. 5 R4k
JGANTEH 5 GG SR AN R, W 5 ' 5 R U S T
FAALTR A0 PR ) GalN 5 EATS R T B 4 5% T R
PR . X — &5 B0 R SR T B T LAy R
THI R Be 2 E, AEL PR T R %) vk Ak 3G 1 2% T R B
B, A AT R S ) 2 TH B R 2 e AT 5 TR
LR Z A B AE S SRR A HE S B AR AL B
GaN AR T 520 % b B 1) 5 % 3 R 5
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(), IR T BEL R0 GaN IR IO R A&, A
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SR TR B, GaN 549 it & i
JSEAZ 3 Ry BT -2 0 1A A 1) R A 2 THT 52 1R
Gy, REAEEXT R R 50 2 B IAE
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AR AR IS TEBR AR TR, BT LS AR IR
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Wl 22 M. AT, 2R 1Tl 2 T 2 28 D S T
A, W LR AR TH Y AR 4R S OE 2 T RE, (AT
TEAR B4 1 LI n, R FBOOLME
TR I AR A SR A IX— 5 e 1 SR LR AT DA
2R AL TS TR I GalN I F) 5¢ e 1 9 45 L
EBA. BRALFE S0 T A BR AR

TBEAL J, HER ARSI A PN 8RB SO AT DR A A6 A
ARIHE G, 7870 U B LI 38 B4 A B2 O 901
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BEALHT, GaN ) FX o %GR KT DOX; %
ME G, & R IEmE R AE T i, X —45 %
53ATHR B 132 i T 8O A1 9 Stk 1 5
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STOTRR R R B, FX o BIFHXT 98 60m BE BRAR. 25—,
KL 5, 5 R ARG R S G B, N
DOX i P2k A1 TES, 15 H BT R0
Ve an B TR R A, BREES, X5 R
L T DOX FIFX 5 9600 5 e 6 0 —E ). 26
=, T REREDT DX MELS R T 5, —IAN
RN TR T (LPB) oTik, BA B BT
Frbk 26 AT LR 3, RiEEL G, LPB S8t
TR, 5 8 BT AR R 2
AL, IE 2 BT LPB SEYeLE 510 T A
DOX %G8 FE B M I A 15 TES 26U tH HL7E %
AL H GaN B PR IR 28 6 i .

2T 7 R 45 0 S 10 9 e ik 43 B 78 4 i B
GaN IR 1) R E R ST RIE TR EAIMENE S,
TR IR E R DTk S GaN K I R A 3 AR A
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IR, GaN %4MEENIR 1213 (%, [
T L et A LT A ) E 3

9. H3PO, ZIHR AL T 7E I FA 1 Vi B 055
RERIFIIN, 0 T 2T LM 5 1, TR A
T TR B R, BN 50 1 Ay e 25

3. ERALHE A GaN G iR 4 40 W R JL T30 B
U, T 2 T B S B DOX A FX (R 00 38 8 2 2k
TR

4. GaN WEBLI 9% 56 K S5 S5 T 26 11 4 4 A 1
P A TR 20 GaN 36 L T2,
R A R, R A O R
BRAE R T AT X

SE 3k

[1] Nakamura S, Pearton S, Fasol G 2000 The Blue Laser
Diode (New York: Springer) pp193-273
[2] Nagahama S, Yanamoto T, Sano M, Mukai T 2002 Phys.
Status. Solidi A 190 235
[3] Guha S, Bojarczuk N A 1998 Appl. Phys. Lett. 72 415
[4] Luo Y, Guo W P, Shao J P, Hu H, Han Y J, Xue S,
Wang L, Sun C Z, Hao Z B 2004 Acta Phys. Sin. 53
2720 (in Chinese)[# %%, F3CF, #5F, WA, HEE, ¥
i, FE3E, FMRAE, AR 2004 P)FE4R 53 2720
[5] Liu N X, Wang H B, Liu J P, Niu N H, Han J, Shen
G D 2006 Acta Phys. Sin. 55 1424 (in Chinese)[XI| /)3,
EVR R, X, AR, B, TG 2006 MEEER 55
1424]
[6] Adelmann C, Brault J, Mula G, Daudin B, Lymperakis
L, Neugebauer J 2003 Phys. Rev. B 67 165419
[7] Lee J M, Chang K M, Kim S W, Huh C, Lee I H, Park
S J 2000 J. Appl. Phys. 87 7667
[8] Guha S, Keller R C, Yang V, Shahedipour F, Wessels B
W 2001 Appl. Phys. Lett. 78 58
[9] Chevtchenko S, Reshchikov M A, Zhu K, Moon Y T,
Baski A A, Morkog H 2006 Mater. Res. Soc. Symp. Proc.
892 575
[10] Chevtchenko S A, Reshchikov M A, Fan Q, Ni X, Moon
Y T, Baski A A, Morko¢ H 2007 J. Appl. Phys. 101
113709
[11] Adivarahan V, Simin G, Yang J W, Lunev A, Asif Khan
M, Pala N, Shur M, Gaska R 2000 Appl. Phys. Lett. 77
863
[12] Bae C, Krug C, Lucovsky G, Chakraborty A, Mishra U
2004 J. Appl. Phys. 96 2674
[13] Green B M, Chu K K, Chumbes E M, Smart J A, Shealy
J R, Eastman L F 2000 [EEFE Electron Dev. Lett. 21 268
[14] Skromme B J, Sandroff C J, Yablonovitch E, Gmitter T
1987 Appl. Phys. Lett. 51 2022

137802-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1002/(ISSN)1521-396X
http://dx.doi.org/10.1002/(ISSN)1521-396X
http://dx.doi.org/10.1063/1.120775
http://118.145.16.217/magsci/article/article?id=17384723
http://118.145.16.217/magsci/article/article?id=17384723
http://118.145.16.217/magsci/article/article?id=17386351
http://dx.doi.org/10.1103/PhysRevB.67.165419
http://dx.doi.org/10.1063/1.373438
http://dx.doi.org/10.1063/1.1337645
http://dx.doi.org/10.1063/1.2740324
http://dx.doi.org/10.1063/1.2740324
http://dx.doi.org/10.1063/1.1306647
http://dx.doi.org/10.1063/1.1306647
http://dx.doi.org/10.1063/1.1772884
http://dx.doi.org/10.1109/55.843146
http://dx.doi.org/10.1063/1.98280

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 13 (2014) 137802

[15] Aspnes D E 1983 Surf. Sci. 132 406 WA, For, SEH, B, G R, SRR, TDXEE 2000 K
[16] Song J O, Park S J, Seong T Y 2002 Appl. Phys. Lett. Tk 21 29]
80 3129 [22] Reshchikov M A, Morko¢ H 2005 J. Appl. Phys. 97
[17] Lai T S, Lin W Z, Mo D 2002 Acta Phys. Sin. 51 1149 061301
(in Chinese) A, MRk, $1% 2002 #JFI244R 51 1149] (23] Reshchikov M A, Shahedipour F, Korotkov R'Y, Wessels
. . . B W, Ulmer M P 2000 J. Appl. Phys. 87 3351
(18] Lai T S, Fan H H, Liu Z D, Lin W Z 2003 Acta Phys. 24] Xu B, Yu Q X, Wu Q H, Liao Y, Wang G 7, Fang R C
Sin. 52 2638 (in Chinese)[BURHKS, FHE4E, MIHRA, Hi ’ o Ea o0 (o (e (] ‘
FE 2003 WIS 52 2638)] 2:]04 Acta‘Phys. Sin. i53 204 (in Chln?‘se)[f/%‘l)jli, Rk,
AT, B, E5E, J7E N1 2004 PBE2AAR 53 204]
[19] Neugebauer J, Van de Walle C G 1996 Appl. Phys. Lett. [25] Yao T, Hong S K 2009 Ozide and Nitride Semiconduc-
69 503 tors (New York: Springer) pp316-320
[20] Polenta L, Castaldini A, Cavallini A 2007 J. Appl. Phys. [26] Shen X C 2002 Semiconductor Spectroscopy and Optical
102 063702 Properties (Beijing: Science Press) p288 (in Chinese) [JL
[21] LiS T, Wang L, Xin Y, Peng X X, Xiong C B, Yao D M, Al 2002 SO A R (bR BEE R 58

Jiang F Y 2000 Chin. J. Lumin. 21 29 (in Chinese)[ZE

288 1]

Effects of controlled surface states on the
photoluminescence emission of GalN film

Zhou Nan Zheng Qiang Hu Bei-Chen Shi De-Quan Miao Chun-Yu Ma Chun-Yu

Liang Hong-Wei Hao Sheng-Zhi Zhang Qing-Yu'

(Key Laboratory of Materials Modification by Laser, Ion and Electron Beams, School of Physics and Opto-electronic Technology,
Dalian University of Technology, Dalian 116024, China)

( Received 21 November 2013; revised manuscript received 14 March 2014 )

Abstract

Hot phosphor acid (HsPO4) etching and/or SiO.N, surface passivation are used to change the surface states of
high-resistance intrinsic GaN films. The films are investigated to reveal the influence of controlled surface states on
photoluminescence (PL) emission. It is found that HsPOy4 etching cannot improve the ultraviolet (UV) PL emission
obviously, but the PL spectrum in the range of visible light is considerably enhanced. After passivation with SiO;N, film,
the quantum efficiency of UV PL is increased by a factor of 12-13. Meanwhile, the visible PL is significantly enhanced.
By analyzing the PL spectra of the etched and passivated samples obtained at room temperature and low temperatures,
we discuss the role of surface states in PL emission in the range of UV, blue and yellow bands, and the related physical

mechanisms.

Keywords: GaN, controlled surface states, photoluminescence
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