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Real-time v irradiation effects on long-wavelength InAs/GaSb Type II
superlattice infrared detector

JIN Chuan'?, XU Jia-Jia', HUANG Ai-Bo', XU Zhi-Cheng', ZHOU Yi', BAI Zhi-Zhong',
WANG Fang-Fang', CHEN Jian-Xin'*, CHEN Hong-Lei', DING Rui-Jun', HE Li'
(1. Key Laboratory of Infrared Imaging Materials and Detector, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this paper, the -y-irradiation effect on InAs / GaSb II superlattice long-wave detectors was
studied. The detector has a good anti-radiation performance under the irradiation of ®’Co v-rays as the
current-voltage (I-V) characteristics of the devices did not change significantly with the increase of the
irradiation dose. Compared with the value before irradiation, the reduction rate of the zero-bias resist-
ance was only 3. 4% under the irradiation dose of 100 krad (Si). By combining the real-time I-V
curves at different irradiation doses and the evolution of the current with time after the irradiation, the
damage and the corresponding mechanism of the ~y-irradiation were analyzed. At zero bias as well as
small reverse bias, the current is obviously increased after irradiation. The radiation damage is domina-
ted by the transient ionization effect, and the device performance can be recovered in a short time.
While at large reverse bias, the main dark current mechanism is the direct tunneling current, leading to
a decreased dark current with the increase of the irradiation dose. The time of the damage recovery is
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significantly longer than that of the ionization damage, and an annealing may be required.

Key words: vy irradiation, real-time effects, long-wave infrared detector, InAs/GaSb superlattice
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Fig.2 Schematic diagram of the gamma irradiation ex-
periment
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Fig.3 (a) Real-time /-V curves of device under differ-
ent radiation doses (b) The relationship between R, and
the radiation dose
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Table 1 Comparison of currents before and after radiation
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Fig. 6  Relationship between the current and radiation
dose at bias —400 mV
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density, (b) influence of different carrier concentrations on the
dark currents

P18 A ER K Fi L T Y G 2R
Fig.8 Relationship between the series resistance and
radiation dose

3 it

45T InAs/GaSb 11 258 4% p-B-w-B-n 4544
(R LE M s B T A A2, 3 2ok S I I -y e
AR - e (-V) e, i) L& IR BRI
(G ITF AR B0 -V R R 2 35 1 A2 4k, Y
FR IR 5 100 kead (Si) B, 25 i PR BH A %5 6 AR i
I NFALH 3. 4% , HA R4 PR IR, 455
R A Lk 5 2 I P I I S ] 7 A5 A, o R R T
R PE e B 45 4 LA S SO 45 45 BLBR 24T T 43
M. % B2 He A1/ B2 1) s T, 6 BEO 2y i vl D D
AW, R BRI LA S i R B RN £



6 1 #r

Il % InAs/ GaSh T 58 i KU ZT MRS 9920 SR 693

PEPERE T ATEAR R I 18] PR S T K S 1 i s T 4
1 P VR Y 2 S ML) Dy 4 R 2 P O, R TR T A
SRS N B 5 ) (545 155 L Y7 i 4 U6 51 494 A T Dk
ZIN A5 38 AR K RO G K S st TR ) I f
T LB RO B A3

References

[1]Soibel A, Ting D Z-Y, Hill C J, et al. Gain and noise of
high-performance long wave length superlattice infrared de-
tectors [J]. Appl. Phy. Lett, 2010, 96.111102.

[2]Haddadi A, Darvish SR, Chen G, et al. High operability 1
024 x 1 024 Long Wavelength Infrared Focal Plane Array
Base on Type-II InAs/GaSb Superlattice [ C]. AIP Conf.
proc. 2011, 1416 .56 —58.

[3]WEI Zhi-yong, FANG Mei-hua, YANG Hao. Study on Ra-
diation Environment in Spacecraft under Deep Space [ J]
SPACECRAFT ENVIRONMENT ENGINEERING (855,
Ti M, Wit RS S0 T LR A% A B e 5 BR B AF 5T
MEAFINETIE), 2008, 25(3) :229 —232.

[4] LI Tao-sheng, CHEN Jun, WANG Zhi-qgiang. Overview of
space radiation environment[ J ]. RadiationProtectionBulletin
(ZMkA:, BRZE, Bk, SRR, SR BP
#ifl) , 2008,28(2):1 -9.

[5]Qiu W C, Hu W D, Lu Chen, et al. Dark current transport
and avalanche mechanism in HgCdTe electron-avalanche
photodiodes [ J|. [EEE Transactions on Electron Devices,

temperature defects in electron irradiated semiconductors
HgCdTe and PbSnTe [ J]. Solid. State Commun, 1979 ,31
(2).:105 - 108.

[7]Bardes, Ecoffetr, Costerastej, et al. Displacement damage
effects in InGaAs detectors: experimental results and semi-
empirical model predicition [J]. IEEE Trans. On Nuclear
Science, 2000, 47(6) :2466 —2472.

[8]Cowan V M. Morath C P, Hubbs J E, et al. Radiation tol-
erance characterization of dual band InAs/GaSb type-II
strainlayer superlattice pBp detectors using 63 MeV protons
[J]. Appl. Phy. Lett, 2012, 101.251108.

[9]Jackson E M, Aifer E H, Canedy C L, et al. Radiation
Damage in Type II Superlattice Infrared Detectors [ J ].
Journal of ELECTRONIC MATERIALS, 2010. 39(7).

[10] Hopkinson G R. Radiation effects on solid state imaging
devices [J]. Radiat. Phys Chem, 1994, 43(1-2):79 —
91.

[11]Joseph R Srour, James M. McGarrity. Radiation Effects on
Microelectronics in Space [ J]. Proceedings of the IEEE,
1988,76(11).

[12]Nguyen J, Ting D Z, Hill C J, et al. Dark current analysis
of InAs/GaSh superlattice at low temperature [ J]. Infra-
red Physics and Technology, 2009, 52.317 —321.

[13]Look D C, Sizelove J R. Defect production in electron-ir-
radiated, n-type GaAs [J]. Appl. Phy. Lett, 1987, 62
3660.

[ 14 ] Umana-Membreno G A, Klein B, Kala H, et al. Vertical
minority carrier electron transport in p-type InAs/GaSh

type-11 superlattices [ J]. Appl. Phy. Lew, 2012, 101

2015,62(6) :1926 —1931. 253515.
[6] Voitsehovski A V, Broudnyi V N, Lilenko Y V,et al. High
B o S e e R I T o o o e S o e e I I S e S o e S e I i e e o o R i s S e e o e e e e e A A 3

(k3% 687 1)

[ 11 ] Driggers R G. Analysis and Evaluation of Sampled Imaging
Systems[ M ], 2010, 31 —59.

[12] KOU X M. Evaluation Method Research of Overall Per-
formance for Infrared Imaging and Observation System
[D]. GE/N. LLAMSAGULIN 2R GEtHE RETTAN J5 00 52
Va2 R K% ) Xian: Xian University of Electronic
Science and Technology.

[13]BAIT Z, JIN W Q. Principle and Technology of Photoelec-
tric Imaging[ M ]. Beijing: Beijing Institute of Technology
Press, (FIEEAE, B flidt. o Mg s A FoR. et
T R=AH A ) , 2006 514.

[14 ]Dudzik M C, Accetta J, Shumaker D. The Infrared & E-
lectro-Optical Systems Handbook, Vol. 4[J]. Electro-Op-
tical Systems Design, Analysis, and Testing, 1993: 91 —
93.

[15]ZHOU Y, JIN Wei-qi. The transfer characteristic of human
visual system and models[ J]. Optical Technique, ( JEFHE,
S IR L8 Rt AT T]. 2R R)
2002, 28(1): 57 —61.

[16 ] Espinola R L, Jacobs E L, Halford C E, et al. Modeling
the target acquisition performance of active imaging systems
[J]. Optics express, 2007, 15(7) ; 3816.

[ 17 ]SIFIR-50. [ 2017. 5,14 ]. https://www. coherent. com/la-
sers/.

[ 18 ] Introduction of NEC THz Product: High Sensitivity Real-
Time Uncooled THz Imager and Transmission THz Micro-
scope [2017.5. 14 ]. http://www. nec. com/en/.

[19] Rosker M J, Wallace H B. Imaging Through the Atmos-
phere at Terahertz Frequencies [ C]. Microwave Symposi-
um, 2007. IEEE/MTT-S International, 2007 ; 773 —776.



