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High-dynamic-range and high-sensitivity IRFPA
digital-pixel ROIC technology (Invited)

Chen Nan, Zhang Jiging, Mao Wenbiao, Li Xiongjun, Song Linwei, Gao Ling, Yao Libin"
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: The signal-noise ratio, dynamic range and sensitivity of long-wavelength (LW) infrared detector are
limited by the charge capacity of digital readout integrated circuit (ROIC), which restricts the development and
application of LW infrared imaging systems. The comparison and analysis of analog pixel and digital pixel ROIC
technology were presented in this paper, the research status and main architectures of digital pixel focal plane
array (FPA) were introduced. The 384x288 (25 um) and 256x256 (30 um) digital-pixel ROICs were designed
with pulse frequency modulation scheme, and the designed comparator improved the power efficiency and
robustness. Based on this, the digital LW FPA detector modules were designed with HgCdTe detector arrays,
which measurement results were compared and analyzed with related works. The measured peak noise equivalent
temperature difference are 3.4 mK and 1.9 mK, respectively, and the dynamic range achieves 96 dB. It’s
confirmed that the digital pixel technology significantly improves the sensitivity and dynamic range of LW
IRFPA, which manifests that this technology is a promising way to improve the performance of infrared detector.
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Fig.15 LW 384x288 digital-pixel IRFPA detector module
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Fig.18 NETD of LW 384x288 digital-pixel detector (¢, = 33 ms)
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Fig.19 NETD of LW 256x256 digital-pixel detector (#, = 38 ms)
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Fig.20 Dynamic range measurement system for detector (a) and high

temperature black body (b)
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Fig.21 Noise of LW 384x288 digital-pixel detector (¢, = 9 ms)
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Fig.22 Noise of LW 256x256 digital-pixel detector (¢, = 9 ms)
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Fig.23 Heater and soldering iron for thermal imaging test
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Fig.24 Thermal image captured by LW 384x288 digital pixel detector
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R 1 HFETRKIRLIME FERNZFEREXS L
Tab.1 Comparison of different digital-pixel LW IRFPA detectors

Reference Sofradir/CEA Leti MIT Lincoln laboratory SITP This work This work
Detecor material HgCdTe N.A. HgCdTe HgCdTe HgCdTe
Resolution 320%256 256256 512x32 256%x256 384x288
Pixel pitch 25 um 30 um 30 um 30 um 25 um
Cut-off wavelength 9.2 ym N.A. 10.5 pm 9.5 um 9.5 um
F# F/1.3 N.A. FI2 FI2 FI2
Peak NETD 2 mK(@22 ms) N.A. 8 mK(@41 ms) 1.9 mK(@38 ms) 3.4 mK(@33 ms)
ADC resolution 15 17 16 16 16
Dynamic range 90 dB 114 dB* 85 dB 98 dB 96 dB
Chip power consumption 150 mW 30 mW 117 mW 63 mW 113 mW
Power consumption per pixel 1.8 uW 0.5 uW 7.1 yW 1.0 pyW 1.0 pyW

* After background subtraction

S 4 ) S AV L, ATIAE) 114 dB B9 RBh A . SC
iRy ADC HA 16 oz, I HLIE H e i R A AL 2]
AR, RS 56 [ AP AE 22 . A8 = 220 T A
AT LA IR TR OT B T &, IR P-on-N 4
A S B AR ) 26 RN e AR AT ARG A IS L J e s, DA Rt
— DA A B 7, ARAS TR A ShASTE . Ti7E
12 B BRI SR AN R AR AL B, R {EAR I ST
77 1

5 & g

38 2o B AR oG Y A B A BT R I 384%288
1 256x256 FU TR TCLT A E V- T I 25 20424 ) 3k
W], BT L R AR R R T R 2R Y
T ARG i, A IR 5 1 Ry it [l B T 2 41 2=
Fha gk, BT T REUE M SIEE . IFHETR
TG 12 M F S A R B T U T AT 2 R A A sk
W, TEJGEERIBETE T, KB X BRI 250 i fi A
2 M Ak s A A ik, B R THECPAS T R R
5 1) AR, A B TR P BB AR I 3]
PN RIS AR KPS E N

S 3k
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