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Recent progress of subwavelength photon trapping
HgCdTe infrared detector
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(1. National Laboratory for Infrared Physics, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083 China;
2. Key Laboratory of Polar Materials and Devices of MOE, East China Normal University, Shanghai 200241 China)

Abstract. Recent progress of HgCdTe infrared detector with subwavelength photon trapping structure has
been reviewed in this paper. A combination approach of finite element method and finite difference
time domain method, which can be used for jointly simulating of " light" and " electricity" characteris-
tics in infrared detector, was systematically introduced. Numerical simulation and analysis results based
on the HgCdTe infrared detectors with subwavelength microstructure were also demonstrated. The theo-
retical analysis and experimental data have shown that the subwavelength microstructure can trap pho-
tons in active region of infrared detectors. The subwavelength photon trapping structure has a promising
prospect on improving the performance of long wavelength infrared detector.

Key words: HgCdTe infrared detectors, subwavelength microstructure, photon trapping, long wave-
length infrared detectors, surface plasmon polaritons
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Table 1 Typical number of 3D nodes in the FDTD mesh
for infrared detectors with photon trapping struc-
ture (after Ref. [29])
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Fig.1 Typical structured tensor 3D mesh in (a) FDTD sim-
ulation and (b) FEM simulation ( vacuum region is removed
for clear display) for infrared detectors with photon trapping
structure (after Ref. [29])

[RIRF, 57 S 45 FI42 2% i1 B Ak b 203k — A T s LA 17
B N ) B A S F3Ah AR S R
T T 94 A AL i 2504, 33X 2 PR A R R 9 A7 A 2
4 7 3z 3 32 B .

=47 TR 1] A X I, o L R AR DX e N
DA B A SR B S X 52 4% 5156 BRY F- T
S5RGBT RN S AR R AR T LAAE R ) Al
AR ORI 04 A 3 A, AT A 25/ A A DL IX S P
SERHEL, MRS/ RS SO . T SR — S HA
SE PR S8 B 2 1T 0 HA 23 (8] A2 AR G TR A A 1 I, A
1a] [ % ) 73 o s LA HE B ASEAUAN [R] 7 o) =434 14
A TR I S 52 0 RR e DX, D)l Ao k4
FANAL. 5 HRE SN B 45 R S AR AN [ A
A FROTAEL Pl A 2 AN [ RO B9 = M e X fdi s
25 AR AR B Y RS, (HE AR OSSR AR
AR . 3% 2 FRE e FEM BN G AR BE DL 4S
P B PR 11 1 () K278 1 M IR MR U Ay s £ it 7
FEOEEE R ) FEM [R4%.

x2 HMENBAENSIERLEHRVSFHEIESRY
FEM = #M g%l 4. 51 B 30k 29]

Table 2 Typical number of 3D nodes in the FEM mesh for
infrared detectors with and without photon trap-
ping structure (after Ref. [29])
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Table 3 Main parameters for the simulation of mid-wave-
length infrared detectors (after Ref. [28])
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BRI Ny=2.3x10" ¢m =3 N,=4.9x10" cm 3
Aoy %q=0.275 xcg=0.275
SRH Fir 7,=7,=10 ps 7,=7,=10 ps
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Fig.2  Schematic of the photon-trapping HgCdTe infrared
detector focal plane arrays in x-z plane. Each unit cell is a
typical n + -on-p detector unit and the incident light is in z
direction (after Ref. [28])
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Fig.3 Examples of photon-trapping HgCdTe infrared detector
focal plane arrays with different shape and size fabricated by

Raytheon Company (after Ref. [27])
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Fig.4 Distributions of photon-generated electrical field (a)
at the volume fill factor of 0.29 and (b) at the volume fill
factor of 0.64 (after Ref. [28])
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Fig.5 (a) FDTD simulated and (b) Ray-tracing simulated
quantum efficiency at different volume fill factors and differ-
ent periods (after Ref. [28])
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Fig. 6 Simulated and Measured dark current curves as a
function of volume fill factor (after Ref. [27])
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Fig.7 Simulated NEDT as a function of volume fill factor ( by
directly decreasing the volume of mesa) for infrared detector
with and without photon trapping structure (after Ref. [27])
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Fig. 8 FDTD simulated quantum efficiency at different
volume fill factors and wavelength at 77 K (after Ref.

[28])
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Fig.9 Simulated distribution of photon-generated electrical
field without considering the absorption of medium materials
(after Ref. [28])
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Fig. 10 (a) Schematic representing the geometry of a single
pixel of an array and (b) 3D view of the geometry of the 3 x3
pixel array with HgCdTe infrared detector focal plane arrays in-
corporating a photon trapping structure (after Ref. [29])
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Fig. 11 Calculated reflectance spectra for detectors with and
without photon trapping structure (after Ref. [29])
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Fig. 12 Calculated quantum efficiency for detectors with and
without photon trapping structure (after Ref. [29])
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Fig. 13 Optical generation profile of the 3 x3 array back-illu-
minated by light with a wavelength of 2 um (after Ref. [29])
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Fig. 14 Optical generation profile of a single pillar back-illu-
minated by light with a wavelength of 2 pm (after Ref. [29])
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Fig. 15 The simulated results for 8 wm pixel array with and
without photon trapping structure at 140 K. Absolute value of
the calculated dark current density (a) and dynamic resistance
multiplied by the area (b) as a function of the applied bias
(after Ref. [29])
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