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Fig. 1. Maximum temperature of detector as a function of
bias voltage, with insets representing temperature distribu-

tion under 3 V working bias voltage.
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Fig. 5. Current varies with different bias voltages: (a) Light current and dark current; (b) photogenerated current; (c) specific de-

tectivity and responsivity.
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Fig. 7. Photoelectric response at different incident angles:

(a) HCARI RS (b) i

(a) Specific detectivity distribution; (b) responsivity distri-
bution.
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(a) SEIIFRE R 0.199 mW/mm? T (5 I-¢ f12k; (b) ARG R% T 1) LR

Fig. 8. Comparison of 0 and 150 days performance of PbSe IRFPA detector: (a) Current varies time under 0.199 mW/mm?;

(b) comparison of specific detectivity under different light intensity; (c¢) comparison of responsivity under different light intensity.
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1 402.03033 335.3013 395.75389 463.09588 467.41347 436.27367 359.20826 571.92182

2 4442.87965 381.84197 501.41514 444.64534 521.75992 518.23865 407.58792 344.20815

3 439012181 483.93893 490.4713 462.64906 446.69314 410.43787 481.69001 460.62178

4 444272207 478.70527 399.82952 491.0468 424.99948 491.11898 342.99354 372.65676

5 4407.19797 347.48204 477.73344 549.70685 476.22686 492.7187 475.39521 537.44444

6 -419.14875 338.3372 401.6386 363.29264 389.60529 406.26362 535.95271 526.71114

7 4634.40439 390.02848 395.80516 437.13502 473.02058 357.61401 475.76549 383.07649

8 29422459 356.40819 504.85064 487.10344 497.29505 406.80849 516.40328 425.54392

1 -331.31479 236.68301 265.29564 264.72263 291.72555 277.84045 250.40604 360.43471

2 4294.81277 255.62955 289.43626 287.14396 286.90393 296.34283 256.94005 250.20823
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1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

Bl 9 PbSe IRFPA #iM #% 1% JLHE B B4 1 (a) FIYGHLFH4M 46 (b)
Fig. 9. Dark resistance (a) and light resistance (b) distribution of PbSe IRFPA detector.
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I [ |
0 6 12 18 24 30
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(a) HEHEIZ 50 (b) W0 35 AR

Fig. 10. Imaging performance of PbSe IRFPA detector: (a) Specific detectivity distribution; (b) responsivity distribution.
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Infrared-Ray
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Output
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Bl 11 PbSe IRFPA 5 1 155 B 7R 2 1A]
Fig. 11. Schematic diagram of PbSe IRFPA detector imaging device.
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Fig. 12. Infrared imaging results of PbSe IRFPA detector vary with light density: (a) 0 mW/mm?

(a) 0 mW/mm?; (b) 0.199 mW/mm? (¢) 1.69 mW/mm?; (d) 3.28 mW/mm?;

(b) 0.199 mW/mm?;

(c) 1.69 mW/mm?; (d) 3.28 mW/mm? (e) 6.17 mW/mm?; (f) 11.54 mW /mm?>
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Design and implementation of high-performance PbSe
infrared focal plane array detectors based on surface
passivation and through-hole technologies®

LYU Quanjiang V?T LI Rongfan?  HU Tianxi? WU Yong!? LIU Junlin ?*

1) (Yongkang Hardware Technician College, Jinhua 321399, China)
2) (School of Materials Science and Engineering, Jiangsu University, Zhengjiang 212013, China)

( Received 24 December 2024; revised manuscript received 27 February 2025 )
Abstract

Infrared focal plane array (IRFPA) detector, a key research focus in next-generation infrared detection
technology, plays a crucial role in optoelectronic sensing. Here is the report on the integration and reliability of
a PbSe-based IRFPA employing a row-column scanning readout architecture. This design features a surface
passivation layer and through-hole structures to ensure robust electrical connectivity, thereby enhancing both
stability and performance. The detector, with dimensions of 3.5 mm x 3.5 mm, a pixel size of 200 pm x 100
pm, and a pixel pitch of 200 pm, demonstrates structural integrity validated by electro-thermal simulations. At
room temperature, the pixel-level and imaging assessments reveal an average detectivity value of 9.86x10°
Jones and a responsivity value of 1.03 A/W, with a 100% effective pixel yield. Remarkably, the device retains
high stability, exhibiting only a 3.6% performance decline after 150-day air exposure, which is attributed to the
protective effect of the passivation layer. Infrared imaging under different light intensities shows pronounced
contrast, confirming the sensitivity of the detector to illumination gradients. These results provide critical
technical insights and a theoretical framework for advancing high-performance, stable PbSe-based IRFPA

detectors.
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