
  

  
Abstract—High operating temperatures infrared photo 

detectors are needed for improving the performance of these 
systems. To obtain high device performance at higher 
temperatures, the thermally generated noise required to be 
reduced. Minority-carrier extraction and exclusion techniques 
are the approaches for decreasing the thermal noise of infrared 
systems. In the present work, an Hg1-xCdxTe photodiode was 
studied and simulated for operation in the MWIR region. A 
simulation of the device was carried out by using ATLAS 
software from SILVACO® in order to study the performance of 
the photo detector at near room temperatures. The device was 
characterized in respect of energy band diagram, carrier 
concentration, doping profile, dark current and responsively. 
 

Index Terms—HgCdTe, infrared photo detector, simulation.  
 

I. INTRODUCTION 
Recent progress of infrared technology, in the field of 

thermal imaging, remote sensing, astronomy, etc., has been 
made due to the successful development of high performance 
infrared detectors over the last five decades [1]. Many 
materials were investigated in the infrared field. Mercury 
Cadmium Telluride (HgCdTe) is one of the most prominent 
semiconductor material for mid (2–5 um) and 
long-wavelength (8–12 um) infrared photon detectors. This 
is because of the fact that the mole fraction (x) of cadmium in 
Hgl-xCdxTe can be adjusted suitably to tailor the energy 
band-gap of the material to match the wavelength of the 
above atmospheric windows [2]. However it was assumed 
previously that the desirable properties of these infrared 
photon detectors are accessible only at cryogenic 
temperatures. The requirement for cryogenic cooling systems 
adds a significant amount of cost, power consumption and 
weight to the infrared detectors [3]. There is, therefore, a 
great interest in achieving higher operating temperature 
infrared systems. The limiting factor for cooling 
requirements was the dark current in the detector devices [4]. 
The dark current in HgCdTe (MCT) infrared detectors was 
limited by Auger processes at near-room temperatures of 
operation. One of the promising approaches to achieving 
higher operating temperature infrared photon detectors was 
first proposed by Ashley et al. [5] which was based on 
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minority-carrier extraction and exclusion techniques under 
non-equilibrium condition as described later. 

Steady-state numerical simulations of HgCdTe 
Auger-suppressed infrared photodiodes by using a Sentaurus 
Device, a commercial software package by Synopsis, were 
reported by Emilie et al. [6-8]. In this paper, a comprehensive 
model of device was designed and simulated using ATLAS 
device software from SILVACO® for electrical 
characterization of the non-equilibrium MCT photo 
detectors. 

 

II. SIMULATION 
A two-dimensional numerical simulation of an HgCdTe 

infrared detector was carried out using ATLAS software. A 
program was developed separately in DECKBUILD window 
interfaced with ATLAS for calculating different 
characteristics of the photo detector. The simulation included 
the solution of five decoupled equations using Newton 
iteration method.  Carrier and doping densities were 
calculated using Fermi-Dirac statistics. In calculation of 
mobility the concentration dependent model was used and for 
extracting the dark characteristics, the optical, SRH and 
Auger recombination processes were taken into account. 
Different recombination rates are given as: 

 
where CROPTR is capture rate of carriers, Cn and Cp are Auger 
coefficients for electrons and holes respectively, n and p are 
equilibrium electron and hole concentration, Et is energy 

no are SRH lifetime of holes and electrons respectively 
[9-11]. 

 

III. DEVICE DESCRIPTION 
The performance of MCT infrared detectors was limited 

by Auger processes at near-room temperatures of operation. 
The use of non-equilibrium techniques based on the minority 
carrier phenomena of exclusion and extraction were 
proposed to raise the operating temperature of infrared 
detectors.  

The goal of these techniques was to reduce the electron 
and hole concentrations from their intrinsic levels to the 
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Ʈlevel of trap, ni is intrinsic carrier concentration and po and 
Ʈ



  

values typical of extrinsic conditions so that the control of 
devices was regained by the do pants, and the leakage 
currents and resulting noise in devices were decreased to the 
acceptable levels by suppressing the Auger mechanisms    
[12]. 

The structure of the device consisted of a central very 
lowly doped ‘ν’ (n-type) or ‘π’ (p-type) active layer where 
the infrared radiation was to be absorbed and two heavily 
doped n+ and p+ larger-band-gap regions yielded a 
three-layer n+– ν –p+ structure (for n-type active layer). 
Under reverse bias and at temperatures where the middle 
region was near intrinsic, minority carrier extraction occurred 
at the diode junction (ν- p+) resulting in large reductions in 
the minority carrier densities in its vicinity. The n+ material 
formed an excluding contact to the ν material, thus 
preventing the injection of carriers from replacing those 
removed at the diode junction, so the hole density dropped by 
several orders of magnitude throughout the ν region. The 
electron concentration also fell down, to keep space charge 
neutrality, from the equilibrium, intrinsic level to the 
extrinsic value set by the doping level. The net decrease in the 
carrier density below its equilibrium value resulted in a 
drastic reduction in the dark current enabling the device to 
operate at higher temperatures [12-13]. 

 

IV. RESULTS AND DISCUSSIONS 
In this work, ATLAS software was used to simulate the 

electrical properties of the MCT photo detectors by using 
appropriate material parameters given in Table 1 [14]. Fig. 1 
displays the structure of the MWIR detector and its 
corresponding band diagram. The net doping profile of the 
photodiode is shown in Fig. 2. 

TABLE 1- MATERIAL PARAMETER OF HGL-XCDXTE 

 
 

 
a) 

 
b) 

Fig. 1. Structure of the MWIR detector and its corresponding band diagram. 

 
Fig. 2. Net doping profile 

Fig. 3 shows the electron and hole concentration profiles 
of the n+- ν –p+ heterojunction diode at equilibrium and 
under reverse-bias conditions. By applying sufficient reverse 
bias inside the ν region the hole density dropped by several 
orders of magnitude and the electron concentration also 
felled down to the doping level (as discussed in section III). 
Fig.4 displays the simulated dark I-V characteristics of the 
photo detector at 295k. 

 
a) 
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b) 

Fig. 3. Carrier concentrations :(a) Equilibrium, and (b) bias = -0.35 

 
Fig. 4. Variation of dark current with reverse voltage 

Fig. 5 shows the variation of responsivity of the MWIR 
photodetector with wavelength of operation. It can be seen 
from this figure that the current responsivity increased with 
wavelength of operation and had a peak value at λ = 5um. 

 
Fig. 5. Variation of responsivity with wavelength. 

 

V. CONCLUSION 
In this paper, no equilibrium operations of HgCdTe photo 

detector were studied. Modeling and Simulation were 
performed by using ATLAS simulator. The energy band 
diagram, carrier concentration, doping profile, dark current 
and responsively obtained by using ATLAS simulator were 
presented. The simulation and modeling described in this 
work can be used for optimizing the existing infrared 
detectors and developing new devices. 
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