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Review of digital mid—wave infrared focal plane array detector

assembly

Bai Piji, Zhao Jun, Han Fuzhong, Li Lihua, Wang Bo, Yao Libin, Li Min
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: The state and trend of digital cooled infrared focal plane array detector assembly in USA,
Israel and France were presented. According to the work mode of digital Read Out Integrated Circuit
(ROIC), recent research results on digital cooled infrared focal plane array detector assembly in USA,
Israel and France were introduced. By the concept of SWaP, some kinds of small pixel, HOT
performance, digital output, million pixels mid—wave infrared focal plane array assembly were developed
in Israel and France. At last the research result on digital cooled infrared focal plane array detector
assembly in Kunming Institute of Physics was briefly introduced. The key technology of column—level
ADC ROIC had been broken through, and the 640x512 (15, 20, 25 pm pitch)column—level ADC digital
cooled infrared focal plane array detector assemblies were developed. The performance measures of the
digital detector in Kunming institute of physics were comparative with the digital detectors abroad.
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(a) Circuitry diagram of the Dual-Ramp-Single-Slope ADC
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Fig.1 Circuitry and waveform of Dual-Ramp-Single—Slope ADC
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Tab.1 Series of Sebastian & Pelican—D digital mid—wave detector assembly in SCD of Israel

Model number Seb320 Seb480 Seb640 Pelican—D
Material of detector InSb InSb InSb InSb
Array format 320%256 480x384 640x512 640x512
Pixel pitch/pm 20 20 20 15
Fabrication 0.5 pm CMOS 0.5 pm CMOS 0.5 pm CMOS 0.18 pm CMOS
Mode of operation ITR/IWR ITR/IWR ITR/IWR ITR/IWR
Integration capacity 7Me /TWR 10Me™/ITR 7Me~/ITWR 10Me/ITR 7Me /TWR 10Me™/ITR 6Me~
Power dissipation <80 mW @250 Hz <100 mW @200 Hz <100 mW @120 Hz 45 mW @60 Hz
Conversion resolution/bits 12-15 12-15 12-15 13-15
Frame rate 250 Hz/15bits 300 Hz/13bits 160 Hz/15 bits 270 Hz/13 bits 120 Hz/15 bits 170 Hz/13 bits 300 Hz
Read out rate/MHz =40 =40 =40 =160
Effective pixel =99.5% =99.5% =99.5% =99.5%
Residual non—uniformity <0.03% <0.03% <0.03% <0.04%
NETD/mK <20 <20 <20 20

Photoshop
of assembly

/
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Tab.2 Series of digital medium wave detector assembly under“SWaP”concept in SCD of Israel

Model number Mini Pelican-D HOT Pelican—-D HOT Hercules Blackbird
Material InSb (EPI) InAsSb InAsSb InSb
Array format 640x512 640x512 1280x1 024 1920x1 536
Wavelength/pum 3.6-4.9 3.6-4.2 3.6-4.2 -
Pixel Pitch/pm 15 15 15 10
Integration capacity/Me~ 6.5 0.9/3 1.5/5.8 -
Conversion resolution/bits 13-5 13-15 13-15 13-15
Frame rate/Hz 30/60 =120 60 90
Effective pixel - >99.5% >99.5% -
Residual non—uniformity <0.04% <0.05% <0.04% -
Operating temperature/K 95 150 150 77
NETD/mK <20 <23 <25 -
Cooler K5628 K562S K508N -
Power of cooler 3.5W @23°C 2W/2.5W @23°C 0.5W@23°C -
Cool down time 6 min @23°C 4 min @23°C 8 min @23°C -
Weight of assembly/g 300 <300 <1000 -
L)
u
Photoshop
of assembly
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Tab.3 Series of SBF digital focal plane detector assembly in BAE (Lockheel Martin) of USA

Model number Array format Pixel pitch Material of detector Conversion resolution Remarks
SBF-163 3%x200%52 20 pmx20 pm HgCdTe 14 Dual band/ Scanning
SBF-168 320%x256 30 pmx30 pm InSb 14 Staring
SBF-188 256x22 - HgCdTe 16 Scanning
SBF-191 640x512 20 pmx20 pm InSb 14 Staring
SBF-195 6 144x24 20 pmx20 pm InSb 14 Scanning
SBF-196 1 024x1 024 25 pmx25 pm InSb 14 Staring
SBF-199 640x512 24 pmx24 pum InSb 14 Staring
SBF-200 320%256 30 pmx30 pm InSb 14 Staring
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Fig.5 DAPHNIS digital FPA detector assembly in
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Tab.4 Specification of 640x512 digital mid—wave FPA detector assembly in civil and abroad

Digital assembly

Manufacture Seb640 of SCD Pelican—-D of SCD SBF191 of BAE DAPHNIS of Sofadir of KNIST
Material of detector InSb InSb MCT MCT MCT
Array format 640x512 640x512 640x512 1280x768 640x512
Pixel pitch/pm 20 15 20 10 25/20/15
Wavelength/ pm 3.6-4.9 3.6-4.9 2.0-4.0 3.7-4.9 3.7-4.9
Fabrication 0.5 pm Si—-CMOS  0.18um Si—CMOS - Advanced CMOS 0.35 pm Si—-CMOS
Mode of operation ITR/IWR ITR/IWR ITR/IWR ITR/IWR ITR/IWR
NETD/mK 20 20 13 25 14
Power dissipation 45 mW@ 60 Hz 80 mW@ 60 Hz 80 mW@ 60 Hz 70 mW@ 60 Hz 91 mW@ 60 Hz
Conversion resolution/bits 12-15 13-15 13-14 14 14
Frame rate/Hz 170 300 120 120 125
Read out rate/MHz =40 =80 - - 120
Operating temperature/K 77 77 77 110 77

Photoshop of assembly
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Fig.6 Prospective imaging photograph of 640x512 cooled digital
FPA detector assembly(25 wm)
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