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Advance in high operating temperature HgCdTe infrared detector
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Abstract: High operating temperature (HOT) infrared detector technology is an important branch of the third-
generation infrared detector technology. The basic materials that can be used for high operating temperature
infrared detectors are mainly Sb based and HgCdTe based. This paper introduces the lasest research progress of
high operating temperature infrared focal plane module in Kunming Institute of Physics (KIP). The high operating
temperature MCT based detectors developed based on p-on-n technology have reached good performance in the
temperature range of 150 K with the NETD less than 20 mK. The weight of MCT 640%512 IDDCA module
adapted with high efficiency moving magnet split linear cooler is less than 270 g with the detector length in
optical axis direction less than 70 mm (F4). At ambient temperature, the steady power consumption of the module
is less than 2.5 Wdc while the cool down time is less than 80 s, audible noise is less than 27 dB and self induced
vibration force is less than 1.1 N. MCT HOT modules are now under environmental adaptability and reliability
verification and commercial mass production of this detector will be realized after the verification test.
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Fig.1 Thermal image pictures of InAs ¢, Sby 9 focal plane detector developed by KIP in 2019
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Fig.2 150 K thermal image pictures of InAs)q;Sbyo focal plane

detector developed by KIP in 2021
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Fig.3 Thermal image pictures of InAs,g;Sbg;; focal plane detector

developed by KIP in 2020
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Fig.4 Signal response diagram of p-on-n MWIR HgCdTe focal plane

device
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Fig.5 NETD histogram of p-on-n MWIR HgCdTe focal plane device
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Fig.6 NETD of p-on-n MWIR HgCdTe focal plane device from 80 K to

200K
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Fig.7 Blind element distribution of p-on-n MWIR HgCdTe focal plane

device from 80 K to 180 K
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Fig.8 Dark current of the device operating within 150-200 K
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Fig.9 Structural diagram of Redlich single moving magnet linear

compressor
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Fig.10 Structure of KIP’s InAsSb HOT IDDCA components
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Tab.1 Performance parameter of KIP’s InAsSb HOT
IDDCA components
Parameter Value
Focal plane size 640512
Pixel pitch/pm 15
Operation wavelength/um 3.6-4.2
Operation temperature of FPA/K 150
Optical axis length/mm 71
Weight/g <290
Power consumption (@23 °C, steady)/W <35
NETD/mK 25
F# F/4
Cooldown time/min 2.5
Cooler type C351 linear cooler
MTTF of cooler (Goal)/h >10000

T

34 561

11 BB It MCT HOT IDDCA 4451
Fig.11 Structure of KIP’s MCT HOT IDDCA components
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Tab.2 Typical products parameter test results of engineered MCT HOT 640 detector components
Parameter Value
Focal plane size 640%512
Pixel pitch/um 15
Operation wavelength/um 3.65-4.76
Operation temperature of FPA/K 150
Optical axis length/mm 69.4
Weight/g 259
NETD/mK 15
F# 4
Cooler type C351 linear cooler
Power consumption (@23 °C, cooldown)/Wdc 13.2
Power consumption (@23 °C, steady)/Wdc 1.96 (with 50 mW additional heat load); 2.35 (with 100 mW additional heat load)
Cooldown time (@23 °C)/s 78
Detector acoustic noise (@1.5 m)/dB 25.7 (@ cooler full speed)
MTTF of cooler (Goal)/h >10000
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B MCT HOT 640 R 7% 20 2F 5 [ A0 R S 80 7= 5 i 2
BEXTHL AN 3 R .

* 3 ERYEMRAEIR MCT HOT 640 Rill28 814 5 E 5 E1 2 BV 4H (1 gE xS bL

[7-10]

Tab.3 Performance comparison of KIP’s MCT HOT 640 detector components with foreign components of the

same type
Manufacturer Kunming Institute of Physics L3 Harris Technologies Selex DRS
Name MCT HOT 640 Onyx Micro SD/HD  FIREFLY CAMERA CORE  Zafiro®640 Micro

n
s
i

Detector picture

Detector type
Focal plane size

Pixel pitch/um

Operation wavelength/um
FPA operation temperature/K

Optical axis length/mm

Weight/g

Power consumption@?23 °C, steady

Frame rate/Hz
NETD
Operable pixel rate
F#

Cooler type

Cooldown time@23°C

MTBF/h

MCT
640x512
15
3.65-4.76
150
69.4
<260
Cooler<2.5 Wdc
60
15
>99.8%
Fl/4
C351 linear
Typical<80 s@12 V
>10000 (Goal)

MCT MCT MCT
640x512 640x512 640x480
15 16 12
MWIR 3.7-4.95 3.4-438
160 160 160
76.2 96 55.88
<410 <550 <410
Core: <9 W Core: <5 W Core: <5 W
60 60 120
25 25 25

>99.4% N/A >99%
Fl/4 Fl/4 F/3.25, F/4
L200 linear $X020 linear Micro cooler
<6 min Typical<3 min Typical<2.5 min
>10000 >25000 >12000
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