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Fig. 1 PPC of different excitation intensities at
325nm
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Fig.2 PPC of different excitation intensities using

GaN film as attenuator
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Fig.3 PPC of different excitation intensities of xen-

on lamp

RT WAL RIS AEE LT L
TR AR R T VE O R . R da A 2 iR
FA 308 R (BP GaN FEAME Fr) o 5 3 18 775 06 U5 AR
rits P P88 A oS0 HRLSRT BIAE  E BDOGR O XL 5
2 M LG A G T T A B 0 58 A T B o K R K
T b B AS T) 5 B T R A 4 6 H S e 1 2R 1 3
fias. B 3 ik a.b.c Fld 2 HIACE A SHE H 55
ARG IR O H T L Rl 2R d A SO 5 R
5 HLH fe ROBm Ry L R 0. 84mAL HHZR a, b Fi ¢
Il i d A BB 1% .10% F1 40% . A 3
HRT DU L B R 9 35 K, NPC fil NPPC 314 i
R H R 2R d BB — BRI R
T L R R A (R 2 I TR R A X FE ] 2
AL F

X n B GaN L T gt 75 M SO0 AL ) 1 i R
HAT A LT = F: (1) Qiu 28 AN Ak % 2
23 BEBERIVE R n 8 GaN Hr, S B Al ) A2 A
AR 5 8 R TR BB R B 2 A S B B SR 28 R R
HG . JEIOR 7 AR I R T A 2 s A A K 2 2 T
PO IR . 7 AR A i B gt — Bt fa) )5
AP L EFEERILCES TR FRES.
PRI I, s R 5 5t TR ) [ e 2 ot P N () . 7 B S
5T H . Qiu 28 A SCHG Y S 28 R BiE H oL B
J& Ga 23, Ga 5= i =M ol Rk — A48 U
A5 A B X A R HE R 9 BT AAS SRR
T (2) BRSNS BT B PR
YERT S AN & 28 7 BE PR PR Ry SR 2 o B 1 FH 1
W BRI T B A A T BT U S R T, 3
T A AR H IR E GaN i TAE A fr 2
A EFP Y. (3) Cait™ Fi1 Salis 28 AN XA K% B
SN Z A D) F L T B BE A A oCRA BIE S TR AR R 4
B 5 FEBEAE L S XA BIE A KR B R . T
LSRG 25 7 B PR EL 3B L T B BIE AR 25 9F B

Fl4  HEY NPC 5 NPPC B4
Fig.4 Typical phenomenon of NPC and NPPC

R EE AR R L 23 5 B A L 1 B [ g 25
S 7 R 3 A 2 B A L Ol i R T4 I R R R ]
FH 25 7 BIF A F - B O 1% A B T D 1Y

FRAT I 52 56 25 T 2 W - 76 48 A1 6 BE S i (325nm
WO Z AR F 1 6 L T B 2 Bk UL RS G
T AERKES S5 BEE GRS
1 NPC fl NPPC B4 . AN R IZ L 7= 4 1
FEIFHEZE R TINS5, 015 0 58 HH B 9 1E
FBE. — T EEE T 72 TR B, g
T B B T A 3R 00 G oL 9 i R i 5 5 — O i s
SR BE R SR 2 B ok T A
AR L I B . 2 SO 58 A G BRI SR
PR AR 23 R R R PR A5 B BE SRR L G
LR B I PO 28 7B B 25 7R R ik 32 AR
SIS T B TIUORN AR BN 3K 2 2y 28 5 i %
FHFREBET S . TR T 225N T, e d
TUREE S FORA %A R AR AE, HH
T B B A 47 R 38 e AR /NS TR B E I B A
b H 55 O LU AR B IR KA S R BRSO IR
1B B 23 5% B IR B B 06 R JBCA A 14 25 R
HL o (s 5 A B A B B 28 o i 1
TCBA B R I s K S 5 e A O R AE 0
o A R B G BT S R AR BT L A A
WE 5B %4 7 4 NPC Fil NPPC #1 4 .

3T X% NPC #l NPPC iy i #2 o H (& i) B
fife LLE 3 i 2 b Bl (ULE 4) . e 4 i, AB
BORA G B B 2051 16 FR AR & o o 128 X Fa BE
HLAG KB RN BT > FLA SR, 28 o B4 7 4
S I TR A7 K 2 08 22 1 )6 2R 25 71, AR i H M R L X
5 T B P R R S 7 R R RE S AR BN, O HL IR
ARG R L AE C S HFIR B KAE . 78 BC B, K6
WK A5 B R R S BRAE BT s C
S ZI AR S BT 28 SRR B R 58 A A5 O L T
LN 2 7B B rh RE 5 H R 11 28 7 U AR Rt 4 O



% 6 PINYE R

S

el B2 n B GaN Yy gkl R 34 881

BIF T -3 R A 5 6 i P K A Y5 . BC A
kL TAE C LB 2, 28 7B B A7 3R 1 28 0k
FEIR B RAE . 78 CD Bt 52 HM RN U O[] g i 55
FE it 22 1T B U 0 1 SR 8 25 7R B RS 0 A7 3R 1
2 B A S BT A S Y S A BIE A R R AR
AR 25 7 Al 2 A I BUE R ORI, Xk
FEOGH SN TR TR PR AT TR A
oA ' R B B B B B (CD B &4 — 3
LT D O R LT B BIR IT A B TR RE AL
BLOIF N THEBET RIS A D st 2 L ROk
WS 2 X B B 2 SO R I 5 S T
B s BT 23 7 B 2 0 A TR 5 K R I PR
RO TR RAR WD B &R F BB
TR CH T AT R A BN O #R D 1
LGB ARk AR PN ST i F T R R ) R ARG, BOKE T 3
YL T SRR, B B NPPC B4

Zi L fridk . PPC.NPC DL & NPPC B 4 1) ;= 4=
& T A5 X BA BIE R H A B BIE AT S [R) A B 4K T
PR A X 25 B Bk e 9 25 ORI A R T 1Y
PR AE T S 300

XFTE S Hih 2 d FEOR RO — H RGOt
i 2K T R H O (R A N TR L 4 B TR B AT IS NS
2 MRS Chung % A I U635, T G821 Tk 2B 4k
AR T R R TR R AR B R A T AR S
1Y HL - FABIE 35 1 e B B Y R R L (AR AR
[ fiE 70 15 3 T B0

Salis 25 N\" B AT —Fh & FAMEA K () GaN
TR HL T 1Y) Bl ) 2E AR RO BF5Y GaN 38 3 4 1
M6 B A A AT 3 T, 2 2 Do (AT
T B 5 AR B T ot E ki 2 B ik #) 10
.22 NPC il NPPC Bl 4. H45 1 543
SEG B TAS RY SE PR A R R — B

4+ iR

AR B T R A A MR AR S R R A IR
AE Rl B A1 3 2 D) G 2% e L S R F 5 S 1R B
R E J R B RRE A 45 A I A 0 T BLZ — . A Sl
HALE R AE M B 2% n B GaN e R 5 A ST
JEREIRMA S B R A HE M RAR I H AR
SR B R I 2 500 S I B OG5 0 K 2
R BOOEHE 3 ARt SRR KA
PRI BN SR T AR R R R
R BRI B R R T I B D A 2 T B R AR
AT s HUGE R D =3 7B B AR X R T B B
= FA BRI 73R

Big i R B L R W B ST BT 2050 )

] 5 o S A 2 A B T T B AE PL 3 3
325nm FOEIM X o 45 T 19 B B[R] g S
RIEUR L SKIE L TRELIR THE BB AL A R HSE
AE R R 3 A A 375 2 4 4 5 Bl

&%k

[ 1] Nakamura S,Mukai T,Senoh M. Candela-class high-bright-
ness InGaN/AlGaN double-heterostructure blue-light-emit-
ting diodes. Appl Phys Lett,1994,64 ;1687

[ 2] Nakamura S.Senoh M.Nagahama S I.et al. InGaN/GaN/Al-
GaN-based laser diodes with modulation-doped strained-lay-
er superlattices grown on an epitaxially laterally overgrown
GaN substrate. Appl Phys Lett,1998,72.211

[3] Chung SJ.Cha O H,Kim Y S.et al. Yellow luminescence
and persistent photoconductivity of undoped n-type GaN.]
Appl Phys,2001,89(10) ;5454

[4] Chen HM.Chen Y F,Lee M C.et al. Persistent photocon-
ductivity in n-type GaN.J Appl Phys,1997,82(2) :899

[ 5] Wang Lianshan,Liu Xianglin, Yue Guozhen,et al. Persistent
photoconductivity in n-GaN. Chinese Journal of Semicon-
ductors,1999,20(5) :371(in Chinese) [7E3% (11, XI#EA, i H
B, % N GaN W#F 8ot il & oF K244, 1999, 20(5)
371]

[ 6] Lai Tianshu.Lin Weizhu.Mo Dang. Determination of yellow
photoluminescence model in undoped GaN. Acta Physica
Sinica,2002,51(05) ;1149 (in Chinese) [ i K # . bk fi7 #k , 54
3. AR 2% GaN iy 8% Kk S5 B ALE) 2 . 4 B2 4, 2002, 51
(05):1149]

[ 7] Ursaki V V,Tiginyanu I M, Ricci P C,et al. Persistent pho-
toconductivity and optical quenching of photocurrent in
GaN layers under dual excitation.J Appl Phys,2003,94(6) :
3875

[ 8] LiNa,Zhao Degang,Liu zongshun,et al. Optical quenching
of persistent photoconductivity in GaN epilayer. Chinese
Journal of Semiconductors,2005,26(2):304(in Chinese) [ 2=
A6, XA NI X S0, 55 . GaN Ah 4E 44 R i 45 2258 1 5 1 ok
K .Gk 4] 2005, 26(2) :304]

[9] Binet F,Duboz J Y.Rosencher E,et al. Mechanisms of re-
combination in GaN photodetectors. Appl Phys Lett, 1996,
69(9):1202

[10] Salis M.Anedda A.Quarati F,et al. Photocurrent in epitaxial
GaN.J Appl Phys,2005,97:033709

[11]  Xu Jintong., You Da, Tang Yingwen, et al. Electric-field
effects on persistent photoconductivity in undoped n-type
epitaxial GaN. Appl Phys Lett,2006,88(7) ;072106

[12] Hirsch M T,Wolk J A. Walukiewicz W ,et al. Persistent pho-
toconductivity in n-type GaN. Appl Phys Lett,1997,71(8):
1098

[13] Cai S.Parish G.Dell J] M, et al. Contribution of hole trap to
persistent photoconductivity in n-type GaN.J Appl Phys,
2004,96(2):1019

[14] Qiu C H.Hoggatt C.Melton W,et al,Study of defect states
in GaN films by photoconductivity measurement. Appl Phys
Lett,1995,66(20) :2712

[15] Qiu C H,Pankove J 1. Deep levels and persistent photocon-
ductivity in GaN thin films. Appl Phys Lett,1997,70(15):
1983

[16] Chen Zhizhong, Shen Bo, Yang Kai, et al. Transient photo-



882 R I R %28 %

conductivity of GaN thin film on sapphire substrate. Chinese BRI, 45 oAl Os 1K | GaN BB 25t s 5 1
Journal of Semiconductors,1999,20(1):62 (in Chinese) [ [% SRS . 2 SR 24, 1999,20(1) .62]

Negative Persistent Photoconductivity in Unintentionally
Doped n-Type GaN

Su Zhiguo"*", Xu Jintong'., Chen Jun', Li Xiangyang', LiuJi*, and Zhao Degang’
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Chinese Academy of Sciences s Shanghai 200083, China)
(2 School of Information Science and Engineering , Shandong University, Jinan 250100, China)
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Abstract: The persistent photoconductivity effect in unintentionally doped n-GaN grown by metal organic chemical vapor
deposition (MOCVD) is presented. The photoconductivity build-up and its decay behavior with different excitation intensities
and different wavelength ranges are observed. The experiment shows persistent photocurrent (PPC) , negative photocurrent
(NPC) ,and negative persistent photocurrent (NPPC) trends as the excitation intensity is changed from low to high when the
excitation light includes wavelengths larger than the absorption edge of GaN. It is believed that the phenomenon is ruled by
competition between capture and release photo-generated electrons and holes by deep electron traps and deep hole traps,re-
spectively.
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