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Tab.2 The main optical parameters of the MMS

AR
Tab.1 The characteristic of IDDCA for the MMS
Item Characteristics Remarks
Detection bands From SWIR to MWIR
spectral detection
Divided into
A/B/C bands
Band 4:
Broad spectrum 1000-3 400 nm!” 1-1.9 pm;
spectroscopy Band B:
1.4-2.7 um;
Band C:
2.1-3.4 um
Low bagkground 250
noise
Typical SNR 150
Overatin Three switchable
perating 80 K/90 K/150 K operating
temperature
temperatures
Small size, low weight (IDDCA <
SWaP 800 g), low power consumption
(stable power < 12 W)
Thermal cycle test; thermal
vacuum test; high temperature
storage; low temperature storage;
Reliability test acceleration; 1400 g mechanical Full test

shock; sinusoidal and random
vibration; open/close loop and life;
electromagnetic compatibility
(EMC) etc.

Item Specifications Item Specifications
. . Typical
Optical F/# (f,) 2.87 wavelength/um 1.595/1.0/3.4
Unit cells 2525 Grating 0.3173/0.0814/
(ayxay)/pm? transmittance (17,) 0.4418
Spectral 20 Solar irradiance ~ 258.30/751/
resolution (4,,)/nm (LYW-mum"' 16.59
Surface albedo (R,) 0.15 Lens efficiency 0.9
(70)
Solar altitude Integration time
0.707 0.02
angle (4y) (Tinn)/s

2 SRR RSB RS

2.1 EiE MR ST
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Tab.3 The SWIR detector parameters in the MMS

Item Parameters Test results
IDDCA performance Spectral response range/pm 1.0-3.4
Non-uniformity 4.8%
3.4 um@50%
Detector response Quantum efficiency
characteristics 1.0 ym@16.5%
Rate of blind pixels 0.55%
Non-linearity 0.764%
Detector readout .
Output saturation voltage/V 2.225
mode
Frame frequency/Hz 60.44
IDDCA SNR 225@1.595 pm

B 1Rk BETEL 512%320 J0 58 U5 21 4ME I 2%
YRR

1 KRR 512x320 JefE I LT MEI 47
Fig.1 Photograph of 512x320 SWIR detector of the MMS
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Infrared window

Cold shield
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Fig.2 Dewar structure design for 512x320 SWIR detector
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Tab.4 Components and their mass at the to

finger in Dewar

Part name Material Density/kg-m Mass/g
Cold platform 4J36 8100 6.92
infrared detector MCT 5.76 0.43
Silicon circuit Si 2330 0.39
Substrate Al O, 4020 0.62
Filter holder 4129 8350 2.53
Filter ALO4 4020 1.00
Cold shield Ni/Co 8908 1.29
Total 13.18

BB AR TR M AL T, R R 10.74 ¢, 11
LG R 6.92g ¥ Bt R H S T. 2 A, HIZE N
0.1 mm, JJi i LLHLIN T3 Bf (29 2.57 g) 8% —F .

R T B ORAL BNV B AT R0, BNt
B 08 ' R SR A B Y, R S Ak R e Y Ak e B
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Fig.3 Requirements of filter partition design
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Fig.4 Noise distribution of IDDCA with 40 ms integration time
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Fig.5 Schematic diagram of cold platform with the noise isolation
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Fig.6 Detector noise distribution with 40 ms integration time of noise

isolation structure
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Infrared window

Thick-film circuits

7 Kk B PDLE AR AR A AL L LA AR A
Fig.7 Schematic diagram of IDDCA for the MMS
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Tab.6 The specifications of short wave IDDCA

Main parameters Name Test results

Spectral response range/pm 1.0-3.4
Total weight/g 711.2

Thermal loss 539 mW@80 K

Power supply 24Vpe & 12Vpc
Main performance . .
of IDDCA Switchable operating 30/90/150
temperatures/K
Temperature stability 0.2 K@30 min
Cooldown time 12 min@90 K
Temperature accuracy/K 0.3
Non-uniformity 4.8%
' 3.4 um@50%
Detector response Quantum efficiency o
characteristics 1.0 um@16.5%
Rate of blind pixels 0.55%
Non-linearity 0.764%
Frame frequency/Hz 60.44
Detector readout mode
SNR 225@1.595 um

Pl 8 S AR AU Ve LA FLALAF S I
Fig.8 Illustration of short wave IDDCA

I o R EE ST A, 3
1, 1.0~2.0 pm 63543 E% 10.30 nm, 2.0~3.4 pum i
A ¥EER 12.90 nm.,
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Fig.9 The cooldown time curve of IDDCA under different fill pressures
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SWIR focal plane array cooled assembly of Tianwen-1

mineralogical spectrometer
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Fan Guangyu'?, Hao Zhenyi'?, Fan Cui

i'"**, Gong Haimei'"*"

(1. State Key Laboratories of Transducer Technology, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China;

2. Key Laboratory of Infrared Imaging Materials and Detectors, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:
Objective

Mars mineralogical spectrometer (MMS) is one of the scientific instruments for China's first Mars

exploration mission. It is installed in the Mars exploration orbiter and performs spectral remote sensing detection

of targets on the surface of Mars while in motion. The instrument has made breakthroughs in key technologies

such as infrared background suppression, high efficiency spectroscopic structure, and on-device combined

calibration. The characteristics of the instrument are light and small, low power consumption and high
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performance. The 512 pixel x 320 pixel short wave infrared (SWIR) integrated detector Dewar cooler assembly
(IDDCA) is an important part of the MMS and is used for hyperspectral imaging. This paper analyzes the
characteristics of the IDDCA in MMS, focuses on the development and technical difficulties of the infrared focal
plane detector, integrated Dewar and integral rotary cooler, and also proposes approaches and methods to solve

the technical problems.

Methods The 512 pixel x 320 pixel SWIR focal plane arrays (FPAs) is made of mercury cadmium telluride
epitaxial material, prepared by n-on-p planar junction technology, is integrated CTIA input readout circuit, using
indium column flip chip welding interconnection to form an infrared focal plane device. The detection signal of
the 512 pixel x 320 pixel IR FPA is integrated, stored, converted, and outputted by using the window mode. The
FPA architecture provides temporal detection in the SWIR bands using the frame integration incorporated into the
readout integrated circuit (ROIC). The mechanical support of the integrated Dewar cold platform is a high-
strength single cantilever cold finger, and a radial impact-resistant oblique support structure design is adopted
(Fig.2). For the infrared Dewar in the MMS, the following designs have been applied: 1) Lightweight and impact-
resistant integrated package structure; 2) Spectroscopic spectrum inside the assembly; 3) Special-shaped cold
platform. The miniaturized integral Stirling cooler is selected, and the cooler drive control board is designed with

an independent thick-film circuit required by aerospace.

Results and Discussions The overall technical requirements of the IDDCA for the MMS are shown (Tab.1).
The results of the detector show that the signal to noise ratio (SNR) is 225 in the typical band of 1.595 um. The
thermal noise generated during the 40 ms long integration time of the detector is effectively eliminated by the
integrated optimized cold platform (Fig.6). Moreover, the Dewar assembly is structurally sound after being
subjected to random vibration of 14 grms (20-2000 Hz) and mechanical shock of 1400 g. The results of different
fill pressure and cool down time of the cooler are shown (Fig.9). The actual installed product has the fill pressure
of 42 mbar, which can ensure a long enough life from leakage to failure. Through the development of the above-
mentioned key components, a good performance IDDCA was successfully obtained, and its main performance
parameters are shown (Tab.6). The spectral test curve of the IDDCA for the MMS and the good infrared imaging

effect in the spectrometer are shown (Fig.10).

Conclusion The IDDCA has advantages in aerospace applications of deep space exploration and interplanetary
exploration due to their compact structure, low size, weight and power (SWaP). The application of this component
for spaceflight is of great significance. This paper focuses on the design and implementation of key technologies
such as high sensitivity, high signal to noise ratio FPA, anti-noise Dewar structure with long integration times,
integrated long-life integral cooler. A series of mechanical and thermal environmental tests have been completed
for the IDDCA. It was successfully launched with Tianwen-1 and reached Mars orbit, providing a certain

reference for China subsequent deep space infrared spectroscopy detection.
Key words: infrared detector; IDDCA; shock;  Mars mineralogical spectrometer (MMS);  Tianwen-1
Funding projects: National Natural Science Foundation of China (11427901)
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