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Fig. 1. Schematic diagram of experimental principle.
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Fig. 2. Schematic of samples
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: (a) InAs/GaAs multilayer quantum dots (QDs) structure within n-type and n-type GaAs;

(b) InAs/GaAs multilayer quantum dots structure within n-type and p-type GaAs; (c¢) InGaAs/GaAs multilayer quantum

well (QW) prototype photon detector.
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Fig. 3. The photoluminescence (PL) spectra of sample A under resonant excitation at the wavelength of 915 nm

at 150 K [36:37]; (a) The PL spectra of sample A measured for the open-circuit condition and with a 0.7 V bias

respectively; (b) excitation-power-dependent PL integrated intensity and peak wavelength of the PL spectrum for

the open-circuit and 0.7 V bias conditions; (c) excitation-power-dependent PL of sample A for the open-circuit

condition; (d) excitation-power-dependent PL of sample A under 0.7 V bias conditions.
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Fig. 4. The PL spectra of sample B under resonant excitation at the wavelength of 915 nm at 150 K [36]: (a)
The PL spectra of sample B measured for the open- and short-circuit conditions respectively; (b) excitation-power-
dependent PL integrated intensity and peak wavelength of the PL spectrum for the open- and short-circuit condi-
tions; (c) excitation-power-dependent PL of sample B for the open-circuit condition; (d) excitation-power-dependent
PL of sample B for the short-circuit condition; (e) excitation-power-dependent open-circuit voltage (Voc) and short-
circuit current (Jsc) at 150 K; the Jsc is proportional to the incident light intensity, and the Vo is proportional to
the logarithm of the incident light intensity; (f) inversely linearly related circuit current and PL intensity of sample

B under a 65-mW excitation power at 150 K.
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Fig. 5. Distribution of the electric field of intrinsic region of sample A and sample B (371,

JRUE pon 5 v 52 [ A #0017 BT 40
B MG 0 A ST, R A 06 BN o L e
BEATVEAS. TERES B, U NFHEOETI R Y 65 mW
IF, S I LA A 2.82 mA, R I ' HR B Ak R
N 5.9%, iHHEAF] 10 2 InAs B 7 AR R BL N
10% em™t. FRATVLE THE WO 2R BN A 82 RO
BN S, 3 HAA A p-n 85 B3R T BCCE N
100%, PAIIE s B R R W ZR 50080 K Tz 8l R
Uk, 10% em ™ B EUE T K F B TS B0 &
T MR 6 IR I R 2 (20100 cm— 1) 3440 S 4z
T T GaAs PR M RFE AT BRAR (IR I R H 0], %
JE B Y e TR RMIG 1) 75 55 5 R0 ) S U R B
BATN A pn SR INAIEINT InAs &1 55 1R 1L
FAL, UF BT SUAT DA FH 0K BH A H R B R
M35,

HRHE L B 255, BATTER T — AN AT RE 2 ok

(a) Electric field
CB
hv > E, - ~» Photoluminescence
D
e VB
| InAs| -
QDs

6 InAs BT £ POETIRBCR R T iz A [56]

(b)

Rt LRI R, B pn g E T S PR
FU TR AR FIAS R A RBRES, ENE
R IVE R N Bk & T RN 3,
TS LB T R 2% B UL, AT 6 (b) s, £EFE
it A, B nn 45 AMINR R R, BT ARG
AR Tt R B A BT RR S B A RO, TR R
HAN RS, 1 6 (a) BT,

IRYE 2T 1= RS, IR RS S
RO T A0k R 250G 06 1O FE 87 b, 3R
THABNZE RSN ES. B2, A%,
A pn 45087 SRR B4 AF RIS HZR H
A XA R R SRR N T B pn S E T
RERLES 6 AT T IRl R B, AERXFE ST, ANRE
IR FR R — AN H, X6 R K B RE FELI
FRI 2% B A 1R H 2 H s

Build-in electric field

20
?f ~ CB

VB

QDs

(a) FEdh A SMIN 0.7 VAR ERT, InAs & w06 FROBCRIEIR 140

B (b) Ffdh BEMR AT, InAs B S TIRICRNER Tiig s

Fig. 6. Sketch of the photon absorption and carrier transportation processes of InAs quantum dots embedded in

(36].

GaAs with a p-n junction : (a) Schematic diagram of the established photon absorption and carrier transportation

processes; (b) schematic diagram of the new photon absorption and carrier transportation processes.
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Fig. 7. (a) Current-bias curves of InGaAs/GaAs quan-
tum well photo diode measured under 915 nm illumi-
nation and dark condition of sample B; (b) current-
bias curves of InGaAs/GaAs quantum well photo
diode measured under 915 nm illumination and dark

condition of sample A (371,
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Fig. 8. (a) The PL spectra of Ing.oGag.gAs/GaAs
multiple quantum well structure under open- and
short-circuit conditions respectively; (b) the PL
spectra of Ing.15Gag.gsN/GaN multiple quan-
tum well structure under open- and short-circuit
conditions respectively; (c¢) the PL spectra of
Ing.53Gag.a7As/Ing 52Alp.48As/InP  composite mul-
tiple quantum well structure under open- and

short-circuit conditions respectively [47,48]
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Fig. 9. Morphology of the device under optical microscope.
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Fig. 11.
(a) current-bias curve and (b) quantum efficiency of
the Ing.2Gag.gAs/GaAs quantum well photodiode [49]
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Fig. 12. (a) Schematic diagram of the InAsg.91Sbg.09/GaSbh
QWs photodetector; (b) typical normalized relative pho-
tocurrent spectral response curves of InAsg.91Sbg.09/GaSb
QWs; (c) dark current densities versus applied bias voltage

of the photodetector for different temperatures [°0].
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Anomalous light-to-electricity conversion of low
dimensional semiconductor in p-n junction and
interband transition quantum well infrared detector”
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Abstract

Recently, high localized carrier extraction efficiency and enhanced absorption coefficient were observed in low-
dimensional semiconductor within a p-n junction. In this work, we report the discovery and verification of the phe-
nomenon, and the performance of the first photon detector based on the interband transition of strained InGaAs/GaAs
quantum wells (QWs). By introducing the resonant excitation photoluminescence, the same phenomena are observed
in several different material systems. More than 95% of the photoexcited carriers escape from InGaN/GaN QWs, and
87.3% in InGaAs/GaAs QWs and 88% in InAs/GaAs quantum dots are observed. The external quantum efficiency of
the device is measured to be 31% by using an absorption layer with only 100 nm effective thickness in the case without
an anti-reflection layer. Using such a high value of quantum efficiency, an absorption coefficient of 3.7 x 10* cm™" is
calculated, which is obviously larger than previously reported values. The results here demonstrate the possibility of

fabricating high-performance and low-cost infrared photon detectors.
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