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ABSTRACT 

In this work an analytical modelling of highly doped p+-Hg0.73Cd0.27Te over lightly doped n-Hg0.73Cd0.27Te 

homojunction Photodetector has been analysed theoretically at 77K. A generic model of HgCdTe based on 

photovoltaic detector has been developed using the closed form equations. Device parameters are obtained by 

the proposed Photodetector and  studied  in  terms  of  dark  current,  resistance  area-product,  quantum  

efficiency  and detectivity.  This high detectivity is 4.9×108 mHz1/2/W and efficiency is obtained in the basis of 

the model lies in wavelength range 7 µm - 9µm with their peaks at about 7.8 µm wavelength, which reveals that 

this detector is best suited for detection of gas such as NO2 (7.8 µm). 

KEYWORDS: Modelling, Detectivity, Efficiency, Gas detector;  

1. INTRODUCTION 

In this Paper, the Photodetectors based on HgCdTe will be discussed.The ternary alloy Hg1-xCdxTe 

has become an important candidate for optoelectronic devices and optical gas sensor applications 

because it has wide band-gap range, better stability and it also has weak dependence of the energy gap 

bandwidth on composition.  No single known material surpasses MCT in fundamental performance 

and flexibility. Photovoltaic detectors  fabricated  from  HgCdTe offers fast response time, higher 

sensitivity and/or higher operating  temperatures  over  other  infrared detectors .Over  the  past  few  

years,  there  has been  tremendous  progress  in  the  development  of HgCdTe  based  infrared 

photovoltaic detectors due to  growing  demand  for  both  civilian  (earth observation, environment 

sensing and monitoring) and  military  (target  discrimination  and identification,  background  clutter  

rejection) applications.  Mercury Cadmium Telluride(MCT) detectors have been the most important 

semiconductor for mid to very long-wavelength (3-30 μm) infrared Photodetectors.  One major of 

utilization of these detector are in gas sensors in infrared region.  A  number  of  pollutant 

combustible/toxic  gases  and  liquids  such  as hydrocarbons,  Ammonia, Sulfur Dioxide, Nitrogen 

Dioxide,  Nitric  Oxide,  Carbon  Monoxide, Hydrogen  Sulfide,  Hydrogen  Cyanide,  Hydrogen 

Chloride,  Chlorine,  Arsine,  Chlorine  Dioxide, Fluorine,  Hydrogen,  Hydrogen  Fluoride  etc. 

having their characteristic absorption band located in the infrared region. One basic drawback of these 

HgCdTe based devices are that they need to be operated in 77K temperature.  But  in  compared  to  

the  ease  of developed  processing  technology  and  remarkable performance  obtained,  it  can  be  

ignored[1]-[9]. 

2. STRUCTURE 

Structure consists of highly doped p+-Hg0.73Cd0.27Te over lightly doped n-Hg0.73Cd0.27Te shown in 

Fig.1. which is virtually grown on CdZnTe which is one of the best suitable substrate for HgCdTe 
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detectors. The light has been assumed to be incident on the top p+- Hg0.73Cd0.27Te side of the 

Photodetector to collect large quantity of illumination. 

 

 

 

 

 

 

3. ANALYTICAL MODELING 

Numerical computations have been carried out on p+-Hg0.73Cd0.27Te/ n- Hg0.73Cd0.27Te/ CdZnT p+n 

homojunction Photodetector at 77K for operation at LWIR. The light has been assumed to be incident 

on the top p+- Hg0.73Cd0.27Te side of the Photodetector. The photons with energy higher than the 

energy gap create electron-hole pairs in p and n region. The band gap of Hg1-xCdxTe as a function of 

temperature T and alloy composition x is included in the simulation model using the empirical 

formula [1-2]. 

Dark Current  

 

The major components of dark current in p+-Hg0.73Cd0.27Te/ n- Hg0.73Cd0.27Te/ CdZnT homojunction 

PIN-Photodetector include (i) the diffusion of the thermally generated carriers from the neutral 

regions, IDIFF (ii) generation-recombination of carriers in the depletion region, IGR (iii) tunneling of 

carriers through the barrier, ITUN. In order to generalize the analysis, we have however considered both 

trap assisted tunneling (TAT) as well as band-to-band tunneling (BTB). The tunneling component of 

current thus constitutes two components e.g., ITAT arising from the trap assisted tunneling and IBTB 

arising out of band-to-band tunneling. The net the top p+ layer receives the incident light through 

CdZnTe substrate, which is transparent to incident light, and the lightly doped n0 region acts as the 

active layer. The incident light is absorbed in the neutral p+, n0 regions as well as in the space charge 

region formed at the p+-n0 junction. The interfacial surface recombination due to non-ideal passivation 

conditions has also been considered in present model. The magnitude of total dark current of the 

Photodetector is [1] 

btbtatgrdiffnet IIIII 
                                                [1] 

The product of dynamic resistance and area (R0A) is given by the reciprocal of the derivative of the 

current density with respect to the voltage.  
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 Quantum Efficiency  

The quantum efficiency (η) of a p-n junction Photodetector has generally three major components. 

These components arise from the contribution of the three regions e.g., neutral n-region (n), neutral 

the optical generation p-region (p) and the depletion region (dep) rate of electron-hole pairs, as a 

function of distance x from the surface can be written as [1] 

 

Fig.1.Structure of the Photodetector 
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deppn  

                                                     [3] 

Specific Detectivity 

The most important figure of merit of the Photodetector for use toxic gas monitoring is the specific 

detectivity D*, which depends on the wavelength of incident light λ, the quantum efficiency η and zero 

bias resistance area product (R0A) [1].  

  
kT
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4
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[4] 

Responsivity 

The responsivity ( ) of the Photodetector depends on the wavelength of incident light λ, the quantum 

efficiency η [1].  The equation to obtain responsivity is given as   

                                                 hc

q


                                                       
[5] 

4. RESULTS AND DISCUSSIONS 

In Fig.2., Shows the variation of the net dark current along with its component due to major three 

recombination mechanism diffusion, generation-recombination and tunnelling (BTB+TAT) with the 

applied bias voltage. Just like first problem current flows in the detector due to diffusion. Due to their 

very small values, the GR and BTB component of dark current could not affect the total dark current 

considerably.  
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Fig.2. current density and its component with respect to applied voltage 
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In Fig.3., shows the variation of R0Anet along with its component (recombination mechanism 

diffusion, generation-recombination and tunnelling). It is also clear from figure net zero bias 

resistance area product dominated by diffusion component. Due to their very small values the GR and 

BTB component of resistance area product could not affect the net zero bias resistance area product 
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Fig.3. R0Anet and its component with respect to applied voltage 

 

Fig. 4. Quantum efficiency with respect to operating wavelength 
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The quantum efficiency and specific device are the two main device parameter in terms of which the 

performance of the detector is described.  Fig.4., shows variation of the efficiency of the detector with 

respect to operating wavelength has been presented. 

In present case, the efficiency of the detector achieves its maximum value ~ 0.8 at 7.8 µm. It decreases 

sharply on the both side. One can see that the efficiency wavelength ranges 7 µm to 9 µm which may 

be consider the range over which the device can be utilise as detector.   

In Fig 5., variation of the responsivity of the detector with respect to operating wavelength has been 

presented.  Here the peak responsivity ≈ 5.5 A/W is obtained at 7.8 µm.  
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The variation of detectivity with operating wavelength shown in last Fig.6.; here also the peak 

detectivity (~ 4.9×108mHz1/2/W) is obtained at the wavelength λ~ 7.8 µm.  This is the signature 

wavelength of the nitrous oxide (NO2) gasis 7.8 µm.  
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Fig. 5.  Responsivity with respect to operating wavelength 

 

Fig. 6. Detectivity with respect to operating wavelength 
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For non-telecommunication applications such as gas sensor device can be utilised as detector for NO2 

gas whose characteristic wavelength is 7.8 µm. 

Comparison: The performance parameters of the Photodetector obtained on the basis of our model 

are found to be in good match with the results already reported by P.K. Saxena in 2011[10] in Infrared 

Physics and Technology. The quantum efficiency find from our models are better than P. K. Saxena 

Models. The comparison results are shown in the Table 1.0.  

Table 1.0 Comparison Table1.0 

Parameter Result of our Ist 

model 
Result reported by P. K. 

Saxena 2011[10] 
Structure p+-n Homojunction 

Hg0.73Cd0.27Te 

detector 

p+-n Homojunction 

Hg0.88Cd0.22Te 

 

JNet ~ 1.0 × 10-1 ~5× 10-5A 

Dynamic Resistance ~1× 10-2 ~2× 104A 

Quantum Efficiency 0.85 0.8 

Peak Detectivity ~ 4.9× 108 

mHz1/2/W 

9× 109 

mHz1/2/W 

Cutoff Wavelength ~7.9m 10.6 m 

5. CONCLUSION  

The performance of the HgCdTe Photodetector has been examined by self-generated MATLAB code 

for Photodetector to compute the dark current density, zero bias area product, quantum efficiency, 

responsivity and detectivity.  

Results of our study in this problem reveal that high detectivity (=4.9×108 mHz1/2/W) and efficiency 

obtained on the basis of the model lies in wavelength range 7 µm - 9µm with their peaks at about 7.8 

µm wavelength, which reveals that this detector is best suited for detection of gases such as NO2 (7.8 

µm), H2O (7.7 µm), C2H2 (7.6 µm).  
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