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Uncooled InAsSb-based high-speed mid-wave infrared barrier detector
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Abstract: The demand for high-speed response mid-wave infrared (MWIR) photodetectors (PDs) is gradually increas-
ing in emerging fields such as free-space optical communication and frequency comb spectroscopy. The XB n barrier in-
frared photodetectors greatly suppress shot noise originated from the device dark current. In this work, InAsSb/AlAsSb/
AlSb-based nBn and pBn barrier MWIR PDs were grown on GaSb substrates using molecular beam epitaxy (MBE).
The GSG PDs were fabricated to realize the radio frequency (RF) response testing. X-ray diffraction (XRD) and atom-
ic force microscopy (AFM) results indicate that both epitaxial structures exhibit good crystal quality. The 90 pm diame-
ter pBn PDs exhibit a lower dark current density of 0. 145 A/cm? compared to the nBn PDs operating at room tempera-
ture (RT) and a reverse bias of 400 mV, which indicates the uncooled barrier PDs perform with low noise. Capacitance
tests reveal that the pBn PDs, operating at zero bias, show a fully depleted barrier layer and partially depleted absorp-
tion region, while the nBn absorption region also exhibits partial depletion. RF response characterization demonstrates
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that the 90 um diameter pBn PDs achieve 3 dB bandwidth of 2. 62 GHz at room temperature and under a 3 V reverse bi-

as, which represents a 29. 7% improvement over the corresponding nBn PDs, only achieving 3 dB bandwidth of 2. 02

GHz. This signifies a preliminary achievement of uncooled barrier MWIR PDs capable of fast detection.

Key words: InAsSb-based, midwave infrared, photodetector, uncooled, high speed detection
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Fig. 1

(a) X-ray diffraction spectra of nBn and pBn epitaxial wafers; (b) and (d) atomic force microscopic images for nBn and

pBn epitaxial wafers; (c) and (e) optical and scanning electron micrographs of the fabricated circular GSG detector



2 BRI 6 ARV 4 0 InAsSh AERT AT UL £T SR 169

o 10" nBn
§ 10° 300K
S0 00—
8102 ———
8 10° §
o
£10* —
E10°
QO 106
518_7  25K/STEP 77K :
5 r r :
S oe b | 25KISTER 77K
-9 A 1 1
10710 05 0.0-1.0 05 0.0
/A% A%
107
@ nBn @ pBn
10°F 1
o 10%F 3
& GR GR
2 10*F F
N\ & o
- <. 10% 2 F
: . ? [}
»——-/\ 10°F @ 4
NS v 1 °
10°F  25ksTEP 300 b 25K/STEP 300K 10 ’f r
10" L N P70 ) SR [ S S S T
1.0 05 0.0 -1.0 05 0.0 2 46 81012142 4 6 8 10 12 14
4% b un 1000/7/K ! 1000/7/K !

K2 77~300 K T EAE 90 um i nBn Al pBn #8145 B4R« (a) I HL U2 2 - TR 2R 5 () 19070 Fit BELA 8 7F 1T AR ST AR

R, A B 1) i e B9 A AL T ER 5 () R, A Bl 1000/T 942 Ak 2%
Fig. 2

(a) Dark current density-voltage curves; (b) differential resistance and device area product (R,4) versus reverse bias; (¢)

Arrhenius plot of R 4 at -400 mV for 90 um nBn and pBn detector single-element chips at temperatures ranging from 77 K to 300 K
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Fig. 3 (a) Dark current density-voltage curves of nBn and pBn devices with diameters ranging from 20 um to 100 um at room
temperature; (b) variation curves of R 4 with reverse bias; (¢) R 4 varied with mesa diameters for pBn and nBn devices at a reverse

bias of 400 mV; (d) variation of (R,4)" over the perimeter-to-area ratio (P/4)
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