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Study on material characterization and device performance of non-
uniform GaAs/AlGaAs quantum well infrared detectors

SU Jia-Ping'*, ZHOU Xiao-Hao’, TANG Zhou’, FAN Liu-Yan’, XIA Shun-Ji’, CHEN Ping-Ping”,
CHEN Ze-Zhong"
(1. School of Materials and Chemistry, University of Shanghai for Science and Technology, shanghai 200093,
China;
2. State Key Laboratories of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences Shanghai 200083, China)

Abstract: In this paper, the GaAs/AlGaAs non-uniform quantum well infrared detector material was successfully
grown by molecular beam epitaxy (MBE) , and the microstructure was characterized in detail. The performance differ-
ence between the non-uniform quantum well structure and the conventional quantum well infrared detector is analyzed
and compared, and the performance change of the non-uniform quantum well infrared detector under different well
widths is comparatively studied. The microstructure of non-uniform quantum well infrared detector materials was ana-
lyzed by high resolution transmission electron microscopy (HRTEM) combined with energy dispersive spectroscopy
(EDS), and the non-uniform well doping was characterized by secondary ion mass spectrometry (SIMS). The results
show that the crystal quality of the non-uniform quantum well epitaxial material is very good, and the non-uniform quan-
tum well structure and doping concentration are also in good agreement with the design values. The unit quantum well
infrared detector has been successfully fabricated. The research results show that for non-uniform quantum well infrared
detectors, the electric field distribution of the quantum well can be changed by changing the doping concentration and
barrier width of each well. Compared with traditional uniform quantum well infrared detectors, their dark current signif-
icantly decreases (by about an order of magnitude). Moreover, under different well widths, the transition modes of
non-uniform quantum wells can change, and the devices with bound state to quasi-bound state transition modes (B-QB)
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have better blackbody response and lower dark current.

Key words: Quantum well infrared photodetector, High resolution transmission electron microscope, Secondary ion

mass spectroscopy, Dark current
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Tablel Molecular beam epitaxy growth parameters of samples with different structures
Sample NO. Sample type Well width(X) Barrier width(nm) Well doping concentration(cm™) period
A NUQWIP 6.1 nm 75—15 1x10""—1x10" 20
B NUQWIP 6.3 nm 75—15 1x10""—1x10" 20
C NUQWIP 6.5 nm 75—15 1x10""—1x10" 20
D QWIP 6.5 nm 45 5x10" 20

FELRAEAE I 75 nm JF/NE] 15 nm, T B )45 240
FEM 1. 0107 em™ FHiE 51 1. 010" em™, P8 4%k
JEE RN L2 B BE A3 AR AN T 1 TR o B RS
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BER 110" em™, T HAEHER S S50 5L i 454
R B R AR R A K T SRR A CAE X R
B2 20 F BESE A RE 5 D, 20 4 3 T BiF ) # &2
Vi B 4B 22 U B 43 591 4 45 nm A1 5%107 em™, 20 >

Ji 191 5 5 2 G B R i DA 5 AR 34 S0 45 4 CFF: iy
COAIA
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ST BE (HRTEM) R AEAE 350 & 1 BF R 09 A4 K 1
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Fig. 1 The distributions of doping concentration and barrier

width of each quantum wells for the NUQWIP
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Table2 Molecular Beam Epitaxy structure of Non—uniform Quantum Well materials

Layer Material Thickness Description Doping -
(nm) concentration(cm™)

7 GaAs:Si 1100 Top contact layer 1x10"

6 Al Ga, As 15 Barrier
GaAs 1.6

5 GaAs:Si X Quantum well 20 periods 1x10"7—1x10"
GaAs 1.6

4 Al Ga, ,As 75—15 Barrier

3 GaAs:Si 1200 Bottom contact layer 1x10"

2 Al Ga, As 300 Etch stop layer

1 GaAs 300 buffer layer

3inch GaAs (100) substrate
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Fig. 2 The measured high resolution transmission electron

microscope (HRTEM ) of sample A.
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Fig. 3 Energy Spectrometer image of sample A.
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Fig. 5 The dependence of dark current on bias voltage at dif-
ferent temperatures, the solid line is NUQWIP, and the dotted

line is a conventional QWIP
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Fig. 9 The dependence of dark current on bias voltage of

sample A, sample B and sample C at different temperatures.
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Fig. 10 Relationship between blackbody responsiveness and
bias voltage for samples A, B, and C at different tempera-

tures.
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