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Abstract: Recently, the anomalous carrier transport in the quantum wells with the PN junction structures has
been found experimentally, and the corresponding physical mechanism and the carrier transport model have been
proposed. It is observed that the open circuit voltage or short-circuit current can be measured in the resonant
excitation mode. Comparing the photoluminescence (PL) spectra of the two kinds of external circuits, it is found
that the PL intensity decreased significantly under the short circuit condition. This suggests that the photo-
generated carriers under the short circuit condition are not confined in the quantum well, but escaping from the
junction region. However, this phenomenon of photocarriers escaping from the quantum wells is not found in the
NN-type quantum well structure. Therefore, the effect of thermal excitation or tunneling is excluded to drive the
carrier escaping from the quantum well. Based on this, the corresponding physical mechanism and carrier
transport model are proposed. It is concluded that photogenerated carriers can escape from the quantum well
directly under the built-in electric field of PN junction, and the radiative recombination luminescence occurs after
the carrier escape process.
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Fig.1 (a) Schematic diagram of experimental sample with the applied bias voltage; (b) Schematic diagram of resonance excitation mode

P-GaN or N-GaN

\ _— Sapphire

VT AR GE A B, PN 25 A7 7E — o a5 i 4R,
B PN &5 o = A 10 AR 80 S BRI 7 = P B,
M2 RE W 16 &t B, A ORHEAT B 1 4%
RS2 R S Y B B v O AR 0 e 28l
YIRSy k1 Bl TR BR O AR i Y B4R Ak 1 LA,
75 't FRL ER 2 B 106 ] s JEL {1 IE P 3 R0 5 g 7 B2
B2 Sei S F PN 45 70 & 1P S5 44 P ax
S N EZ A, i1t InGaN/GaN Bt [a] BR ATt
FL PRI 25 2E AT B0k, SR 1 AR R B Py AL 5 3
i s AL

1 3£ 5§

1.1 HAmElE

S R PSR S AR Veeco 28 A GaN P125
A1 MOCVD (3x2) #E 17 A1 4E o T AN 5 (1 45 #4 n
Bl 1(a) Bim . MR DL 3, 3 PN RE Sl 4540 1 0
AR—F BT R LI A — 2 GaN B2 A e, H
Hh— AR EAT Mg $82%, JE AR p-GaN; 53 Sh—MHE
AT Si$B 44, K n-GaN, th B B A~ B fh v, GaNy
InGaN & T~ B 45 ¥ 4 T PN &5 25 # o Fll NN 45 45 #
m, DL R 35K S B 43 S 1R RR Ol PN TSR NN
PN %I I NN #5378 2 inch (1 inch=2.54 cm) C 1
WA BHATAMEA K, HAME T2 RAR 3, JeTE
PP AN SE— 2 GaN, 2R J5 A AE 10 /> J5 B Y GaN/
InGaN & F B 25 44, v 22 RO B %) JE 32 43 551 8 14 nm
2.5 nmo oK S BN IR B X P A RE o8

InGaN well
__q————'_] -
—_—
| — —

» o GaN
;5 S barrier
o [¢)
< <

b

20211007-2



s Gk A2

%14

www.irla.cn

% 50 A

S, ME— 1 X AR R — 24K, PN RURE i 7E
Wi — ZHME—Z p-GaN, & 200 nm, B 7% Mg (7%
IR KA ) (RS p BB IR BE 208 5%10" em ™,
NN BUEE S B 5 — 2 42 200 nm JE ) n-GaN, B2 Si 3k
5 n BB IR EE LN 310" em >, AME B 7E H 5 58
AR, a2 SRS T AR (O6Z1. ICP-RIE filEy
F 2R &) I TGS B R SE 1 mmx1 mm A9 #5 14
(n HL A% Cr/TUNG, p HUAR T N/Aw). 788 Fr il 4 58
B, Xt AT R R A T R A A AT
1.2 R A Rt

JEE DL K (PL) TS 40 R A 2 1k
T PSS R R i E R BT, Sovh R 2l PL g
XF PN LRI NN 7 F 25 44 #4774 24 405 nm FE 4z
WOR AT R ER IS AT . g b, PL IR 4
I S 80 SR & ST R % g ] A, R R &
D% 27 mW, PLMHA R G R ILL R %= A 4
2, s R RO, & BB A, S B
P, el as, SGHEIEAL, SR ARIIES, SR830 Bl AHK
g, MRS . S m R R gt iy LR = 4
H,ALTE: B RRBEOEE, &R B, A A
F, Keithley4200-SCS - SR S H M4 . MR

456.5 nm

é 1.2x10°
E Photoluminescence @ 27mW
-
< . .
< Open-circuit

%104 F
g 8.0x10 Short-circuit
2
=

4

= 4.0x10

452.8 nm

0.0

1 i '
420 450 480 510
Wavelength/nm

1 405 nm 3% 2534 & PN % NN %I 25 #4 b GaN/
InGaN TP BE, 31X J& —Fp 4R i & X, B &
T 58 A T T B B2 R B R 22 2 M R A
B2z IE], AGGF RREREBEZ AR R I, P s

7_\’5(‘1‘[2872910
2 RS9

HIR T, FH 405 nm OGP AREE SR AT TG
MR M, H & D3R 27 mW, 76X NN UL (1)
W, 25 R R BE AT 2548 S it 1B b 9 o R A 30
BESEA0% (QCSE), ANl 3 VL TR AR Y PN AU i op
[N L0 BB 4y BN T IR % T 1) PL 63 LA
KB (SN 3 V ) R B PL OGS AR A9 LI
TS TT 8 0 A 8 4518 R 7Y PLOGIEANIE] 2 s . i
ZUFF (9 PN RUEE §h 9 PL G H LTI 41
A e BB REAR, LB HS B SRR T Y
4.85% T NN BUEE &, ZR 3 V i e F A9 PL 3
JEEAH T 6 450 T A AR Ak, LRy i B AN R AR
T 0.18% XU WALE AR A AT, PN BURE & 1D
A BT A BB A B T AR A A ROk,
1M NN FURE 5 b i 4800 7 AT SR 7 i BRI SR A

460.4 nm

1.6x105 F - 460.5 nm
_2 . hotoluminescence @ 27mW
\i 1.2x10 Open-circuit
2 Under 3V bias
5 8.0x10¢F
g
—
~

4.0x10% [

420 450 480 510
Wavelength/nm

& 2 RERTETTBRFIAERR 21 R Y PL OGS . (a) PN BURE S Y PL OGS (b) NN BURE S ) PL G

Fig.2 PL spectra of samples under open and short circuit conditions. (a) PL spectra of the PN-type sample; (b) PL spectra of the NN-type sample
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Fig.5 Schematic diagram of the carrier transport mechanism of the quantum well interband transition detector. (a) Under the open circuit condition;

(b) Under the short circuit condition
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