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Abstract—HgCdTe nBn device is a kind of unipolar barrier
layer in which the B layer is a wide band gap barrier layer with
a thickness of several tens of nanometers, and could effectively
reduce the dark current and the process difficulty of HgCdTe
device. The photoelectric properties of HgCdTe nBn infrared
detectors are studied by two-dimensional numerical
simulation. The energy band structure of the nBn structure
and the influence of the structural parameters on the
performance of the device are theoretically calculated, which
provides guidance for designing or optimizing the structure of
HgCdTe nBn infrared detector.
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I. INTRODUCTION

HgCdTe has become one of the most promising
materials in the field of infrared photodetectors with the
advantages of high absorption coefficient, high quantum
efficiency and adjustable band in the whole infrared band
[1-5]. However, HgCdTe device with conventional structure
faces many problems. The high dark current and the
difficulty of P doping technology greatly restrict the
development of HgCdTe devices [6-8].

As a unipolar barrier layer device, nBn structure has
been proposed to solve these problems [9-14]. This structure
completely abandons the P-type doping, and could obtain
the characteristics similar to PN junction only by N-type
doping and the energy band engineering [15, 16]. Compared
with the traditional PN junction structure, the nBn structure
has a low requirement for surface treatment technology and
can effectively control the leakage of the surface. What’s
more, nBn can effectively reduce the tunneling current and
the production-compound current, especially the SRH
composite current [17-20]. By ingenious designing the
energy band, the conduction of majority carriers can be
prevented and thus effectively reduce the dark current of the
device, which is very helpful to the realization of high
temperature devices. In this paper, the photoelectric
properties are studied by numerical simulation, and the
parameters of each layer in the nBn structure can be
optimized by the energy band reduction calculation.

II. SIMULATION RESULTS

The schematic diagram of HgCdTe nBn structure used
in numerical simulation is shown in Figure 1, including
heavily doped n-type cap layer, barrier layer (B) and n-type
absorption layer. The detailed material parameters used in
numerical simulation are shown in Table 1.
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Fig. 1 Schematic of HgCdTe nBn

Table. 1 Parameters of the HgCdTe nBn structure used in the

simulation
Cd
Layer . Thickness Doping
Composition
Cap 0.33 3um 10"7cm
Barrier (B) 0.39~0.57 0.1pm 10%e¢m>~10"7cm
Absorption 0.23 7um 10%e¢m>~10"7cm3
SRH lifetime (electron) 10ps
SRH lifetime (hole) lus
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The simulation results of the band structure of the nBn
device are shown in Figure 2. Between the barrier layer and
the cap layer, a conduction barrier with a height of 0.15eV
can effectively block the movement of the electrons from
the cap layer into the absorption layer, thus reducing the
dark current. However, it can be seen that there is a hole
barrier on the valance bane at the interface between the
absorbing layer and barrier layer, which will obstruct the
collection of photo-generated holes in the absorption layer.
Our simulation results show that this hole barrier can be
reduced by applying a suitable bias, however the band
bending caused by excessive bias can significantly reduce
the barrier on conduction band and seriously damage the
electron blocking effect.
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Fig. 2 Simulated energy band of HgCdTe nBn at the bias of (a) 0V
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The influence of the structure parameters of the nBn
device on the performance of the device has been calculated
as shown in Figure 3. Our results show that the doping
concentration of the B region and the absorption region and
the components of the barrier layer can be the main
influencing factors. The increase of the doping
concentration of both the barrier layer and the absorption
layer will bring a significant increase to the dark current.
Therefore, one of best effective methods to reduce the dark
current is to reduce the doping concentration of the barrier
layer and the absorption layer.
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Fig. 3 Dependence of the dark current changing on (a) the doping of
barrier layer (b) the doping of absorption region

One of the problems in the process is that the
component of the barrier layer will diffuse to the cap layer
and absorption layer when annealing, which resulting in the
decrease of barrier height and the increase of SRH current.
The effect of component barriers decrease caused by
component diffusion is shown in Figure 4. It can be seen
obviously that the diffusion of components leads to the
increase of dark current. As a result, the annealing process
should be optimized as good as possible to reduce the dark
current.
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Fig. 4 Influence of component diffusion on dark current
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III. CONCLUSION

In conclusion, we have studied the structure of
HgCdTe nBn by two dimensional numerical simulations.
The simulation results of the band structure show that the
nBn device needs to work under a suitable bias to increase
the light response as much as possible while maintaining the
suppression of the dark current. In addition, the effects of
the structure parameters on the performance of the device
are also simulated. We found that both the doping
concentration of barrier region and absorption region as well
as component diffusion will effectively affect the dark
current.
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