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Figure 5 Dark current characteristics (a) IV curves of devices with a barrier layer width of 10 um at different temperatures (b) IV

curves of devices with different barrier layer widths at 3.3 K
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Figure 6 Blackbody response characteristics (a) I-V curves under no illumination, background thermal radiation, and blackbody ir-

radiation (b) Blackbody response IV curves at different temperatures (c) Detection rate D" at different temperatures (d) Detection

rate variation with temperature under different biases
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Figure 7 Band structure diagram of the device (a) Band structure under low temperature and no light exposure (b) Band structure

under light exposure
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Figure 8 Schematic diagram of charge behavior in the depletion region of device N under thermal excitation conditions (a) Device

equilibrium state at low temperature (b) Electron hole pairs generated by thermal excitation (c) Electrons migrate out of the deple-

tion region and are continuously replenished, while holes are difficult to replenish after being swept out by the electric field (d) After

reaching a new equilibrium, negative charges accumulate in the conduction band of the depletion region
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Abstract: Blocked Impurity Band (BIB) detectors have significant application potential in fields such as infrared astro-

nomical space observation. However, studies on their temperature-dependent mechanisms remain limited. In this

work, a planar p-i-n structured BIB infrared detector based on high-purity germanium was fabricated using a near-sur-

face processing technique. The device exhibited excellent electrical and photoresponse performance under cryogenic

conditions. At 3. 3K, the reverse bias current was as low as 15 pA, and good response was maintained below 15K.

1
The blackbody detectivity reached up to 3.5 x 10"”cm+Hz2-W™', but decreased with increasing temperature. A current

model incorporating photoexcitation, thermal excitation, and impact ionization processes was employed to simulate the

experimental results. The analysis revealed that the primary mechanism for performance degradation at elevated temper-

atures is the significant shrinkage of the depletion region, which reduces carrier collection efficiency. This study pro-

vides both theoretical and experimental support for the structural design and performance optimization of BIB detectors

for low-temperature infrared detection.

Key words: condensed matter physics, BIB detector, p-i-n structure, low temperature infrared detection
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