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Si: P blocked impurity band detectors for far infrared detection

LIAO Kai-Sheng, LI Zhi-Feng, WANG Chao, LI Liang, ZHOU Xiao-Hao, LI Ning”, DAI Ning
(National Laboratory of Infrared Physics, Shanghai Institute of
Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract; Blocked impurity band detectors are of interest for various astronomy applications such as the
Infrared Astronomical Satellite and Cosmic Background Explorer. The fabrication details and character-
ization of Si:P blocked impurity band detectors have been reported. The bottom contact was epitaxially
grown instead of utilizing ion-implantation to improve the quality of epitaxial stack. The photocurrent
spectra and dark current of the detectors have been measured. The spectral response extends from 2.5
pm to 40 um. Several additional sharp peaks superimposed on the broadband response are designated
to associate with impurity transitions of phosphorus in the blocking layer. The origin of dark current at
small bias has been studied at low temperature. It was found that the shield of cryostat is the source of
the background infrared light which hits the detectors to produced the dominant dark current at this re-
gime. The detectors attain a peak responsivity of 20. 1 A/W (at 28.8) and peak detectivity of 3.7 x
10" cm-Hz"?/W (below a flux of 10" ph/cm’-s ), which exhibits highly competitive figure of mer-
its.
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Fig.1 Phosphorus dopant concentration of epitaxial lay-
er at different depth from device surface
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Fig.2 (a) Schematic view of device structure for a BIB de-
tector; (b) Microscope view of finished BIB detectors
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Table 1 Designation of the impurity transition of phos-
phorus in blocking layer™’
Fe WA (SEI)/pm WA (BHE )/ pm BRITHEIA
a 36.5 36.4 1S-2P,
B 31.7 31.6 1S-2P,
y 29.2 29.2 1S-3P,
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Fig.3 Photocurrent spectrum biased at 1.2 V and 1.6 V (sol-
id) and the calculated one (dashed) of Si:P BIB detectors at
the temperature of 5 K. The inset shows the transmission spec-
trum of the epitaxial silicon sample
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Fig.4 (a) Current-voltage curves under dark condition at
temperature of 5 K and 10 K; (b) Dependence of the cal-
culated (1) thermally actived current, (2) hopping cur-
rent and (3) the measured dark current on the inverse tem-
perature at the bias of 0.2 V
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Fig.5 (a) Dark current in dependent of T* biased at 0.
2V; (b) A plot of detectivity vs. applied bias for test
BIB detectors
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