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Optimization and performance of p-GaAs homojunction THz detectors
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Abstract; In order to improve the quantum efficiency of THz detectors made of p-GaAs homojunction, the effects of

temperature and bias voltage were taken into account. By optimizing the materials and structure parameters of the reso-
nant cavity enhanced p-GaAs HIWIP detectors, its quantum efficiency was increased to 17% . The relationships among
the responsivity and detectivity of the detector, bias voltage, temperature and spectral frequency were simulated, leading
to an optimized bias voltage range( 10 ~40 mV ), an optimal temperature( < 8 K) and a maximum detectivity (4. 1 x
10"°cm Hz'?/W). By applying a pair of matched mirror, the ultimate quantum efficiency, the detectivity and the re-
sponsivity are 26% , 5.7 x 10°cm Hz"?/W and 25.9 A/W, respectively.
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Fig.1 The schematic structure of p-GaAs HIWIP THz de-
tector. p**, p*, and i denote the contact layer, emitter
layer, and intrinsic layer, respectively. The optical win-
dow is opened on the top. E, E, E, and E,, are the inter-
nal incident and reflective electric field vector at the top
mirror and bottom mirror
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Fig.2  The dependence of the three compositions of
dark current on the doping concentration with bias volt-
age V, =20 mV and temperature 7 =4.2 K. The green
line is the total dark current
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Fig.3 The dependence of the quantum efficiency
on the thicknesses of the undoped and doped GaAs
layers in the cavity under 4 THz
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Fig.4 The energy flux distribution in different
layers of the detector from top to bottom. The lo-
cation at 0 nm denotes the interface between the
air and the detector. The green and red lines show
energy flux distribution of device with and with-
out bottom gold mirror, respectively
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Fig.5 The dependence of the quantum effi-
ciency on the thicknesses of the undoped GaAs
layer and Gold layer in the bottom mirror after
the optimization of the cavity
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interface, respectively
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