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Digital infrared focal plane array detectors (Invited)

Yao Libin, Chen Nan, Hu Douming, Wang Ying, Mao Wenbiao, Zhong Shengyou, Zhang Jiging
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Compared with the traditional analog infrared focal plane array (IRFPA), the digital IRFPA has many
technical advantages, and is the development direction of the IRFPA technology. The research and development
status of the digital IRFPA was introduced. Firstly, the differences and features of analog and digital IRFPA were
analyzed. Then, the detailed circuit blocks of column-level ADC and digital pixel digital readout integrated circuit
(DROIC) were described, and the links between circuit blocks and performances of DROIC were analyzed.
Finally, the technical trends of different DROICs were predicted. The developmednt of IRFPA towards a larger
array format, a smaller pitch and better performance, demands higher DROIC performance. With DROIC
architecture and module circuit advancement, the column-level ADC DROIC will be widely used in large-format
and small-pixel IRFPAs, and the digital pixel ROIC will be widely used in long-wavelength IRFPAs.

Key words: digital infrared focal plane array (IRFPA);  digital readout integrated circuit (DROIC);

column-level ADC DROIC;  digital pixel ROIC
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Pixel
Pitch
(um)

Waveband

Array Size

Unit Cell Type

Read

Charge Capacity, (e-) Noise (e-)

Frame Rate (Hz)

DI with

SBF296 | MW 1,280x1,024 | 12 |13/12 | acMmL e 500k/4M 124/ 695 400
2010 427
SBF279 swixw, 1,280x960 | 16 |18/12 | 4cmL 30 9k/53k/187k/231k/540k/3M/10M/13M | (depending 330
on well)
SBF272 MW/LW 1,280 x 1,280 16 18 4 CML Dual-band DI 400M/66M 600/192 275
K3/HDR SBF265 | MW/MW 1,280 x 1,024 12 |13/12 | acMmL DI 2M /M 375/695 400
SBF262 sw,wa, 1280x102a | 16 | 22 | aew | Y CTB:ETSM 450k/50k apr | 20 Wﬂ::f:gﬁ' £50
SBF259 | sw/Mw | 1,280x1024 | 8 | 13/12 | acMmL SFD 800k/60k 500/65 370
SBF246 | MW 2048x2048 | 8 |13/12| acme | ® :::”f; 2 228Kk/912k gg/igs | B0 1132: S
SBF242 | MW 540 x 512 8 [13/12] acmL Dl 500k 140 1,000
SBF234 | MWorlw | 1,280x1,024 | 8 | 13/12 | 4cMmL oI 15M 260 370
2/4]8
seE2s2 | MW 2,560x2,048 | 125 | 14/13 | LvDS ol 500K 150 57
SBF241 | MWorsW | 2560x2,088 | 125 | 0o ZL"\'?;: cria 165k 75 57
1/2/4
seF24 | MW 1,280x1,024 | 12 |14/13 | LvDS ol 1M 180 114
2/4]%
sBE215 | MW 7,680%x1376 | 10 | 14/13 | LvDS ol 23M 220 28
2/4/8
o |see2a|  mw 2,560x2,048 | 125 |14/13 | LvDS ol 24M 230 57
1/2/4
SBE209 | MWorlW | 640x512 20 | 14/13 | VDS ol ™ 600 430
seF208 | mw 1,024%x1,024 | 25 |14/13| 21VDs ol m 710 71
SBF207 | MW 1280x1024 | 12|00 ILGB'; oI M 210 114
1/2/4
SBF204 | MWorsw | 1,280x1,024 | 12 |14/13 | LvDs A 50k 50 114
SBF200 | MW 320 % 256 30 | 14/13 | 11VDS ol 20M/aM 1300/350 453
seF191 | mw 640 % 512 20 | 14713 | 11vs ol ™ 600 113
B 1 &SN FIECE A AME T IR = i 51 2%
Fig.1 Digital infrared focal plane detector product of Lockheed Martin Corporation
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Fig.2 Diagram of analog infrared focal plane detector
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Fig.3 Output signal of analog infrared focal plane detector
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Fig.4 Schematic diagram of the output buffer and interface of the analog
infrared focal plane detector
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Fig.5 Diagram of the column-level ADC digital readout integrated

circuit
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Fig.6 Schematic diagram of the readout unit cell circuit
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Fig.7 Noise and velocity index distribution diagram of ADC

architecture for image sensor
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; : g #| LVDS [ X
Register Register Register
L Loh 2 L m
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Fig.8 Diagram of parallel to serial conversion and data transmission circuit
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Fig.9 Block diagram of the digital pixel infrared focal plane readout

circuit
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Fig.12 Structure diagram of charge subtraction digital pixel
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Fig.13 Structure diagram of two-step digital pixel
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