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Abstract  

In this work, the photoelectric properties of tellurium-doped silicon p-n junction were studied. Illumination of 

impurity absorption range influence on current-voltage and spectral characteristics of the fabricated device were 

considered. The photoresponse dependencies on electric intensity, current and radiation power at the sample 

were observed. Results obtained in this work showed that the current-sensitivity of the fabricated structures at 

forward bias is rather higher than that of photoresistors. The threshold photosensitivity and the detectivity were 

up to 2.85x10-16W.Hz-1/2 and 2.1x1011cm.Hz1/2W-1, respectively. 
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1. Introduction 

The interest in the development of 

extrinsic photodetectors has been increased 

by the possibility of fabricating monolithic 

thermal imaging systems, photodetector 

arrays, charge-coupled devices, etc., based 

on extrinsic silicon. The fact that silicon 

integrated-circuit technology is highly 

developed facilitated the development of 

these devices [1-4]. 

The photoconducting properties of Te-

doped silicon were first investigated in 

1970's. The early work was characterized by 

low Te concentrations [5] and high 

compensation ratios [6] which lead to 

inferior detector performance. Tellurium is 

an n-type impurity, has low boiling point 

temperature and diffuses in silicon fast. 

These factors complicate the doping of 

silicon during silicon crystal growth, which 

occurs at ~1410°C but permit doping after 

crystal growth by closed quartz tube. The 

variables in a closed tube diffusion are the 

diffusion temperature, the quench 

procedure, the diffusion times and the 

diffusion vapor pressure [7]. 

In the present paper, the results of 3-5μm 

illumination of tellurium-doped silicon p-n 

structure were presented. It is shown that an 

effective injection amplification might be 

realized in the case of illumination from 

impurity range. The photodiode properties 

have been compared with silicon-tellurium 

(Si/Se) photoresistors those have the same 

geometrical sizes. 

 

2. Experimental Part 
Samples of (111) p-type boron-doped 

silicon were doped by tellurium at 

temperature of 1100°C in an evacuated 

quartz-tube. The concentration of residual 

atoms in initial silicon was determined to be 

about 1011-1012 cm-2. The samples were then 

etched for one minute in a HNO3:HF:H2O 

solution of 20:5:6 ratios. The concentration 

of electro-active tellurium atoms in silicon 

after doping process was about 6x1016 cm-3. 

The maximum photoresponse at temperature 

of 263K was observed at wavelength (λp) of 

about 3.8 μm and the long-wave boundary 

level corresponding to 50% relative spectral 

characteristics (λ1/2) was about 4.2 μm. The 

optical-ionization energy (ΔEop) level of 

tellurium was about 0.301 eV. 

 

3. Results and Discussion 

The I-V characteristics of samples at 

T=300K had the usual low power rectifier 
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form. At T=263K a negative resistance 

region on I-V characteristics was formed in 

the forward direction as shown in Fig. (1). 

An Ohmic region was observed when 

illumination was absent and injection was 

low. By increasing the voltage, the region 

changes into a J≈V3/2 region. The 

dependence J≈V3/2 changed into a linear one 

at large injection levels after which impact 

ionization began. 

 

 
Fig. (1) Illumination-dependent current-voltage (I-V) 

characteristics of tellurium-doped silicon photodiode 

structure at different injection levels (φ), where φ1<φ2<φ3 

 

Figure (2) indicates the behavior of 

sensitivity (R) as the wavelength incident on 

the photodiode (or photoresistive) increases. 

It is clear that the sensitivity has a maximum 

at a certain wavelength, which could be 

considered the operative wavelength of such 

photodiode. 

 

 
Fig. (2) Spectral characteristics vs. incident wavelength on the 

fabricated photodiodes and equivalent photoresistors 

 

The behaviors of curves in figures (3) and 

(4) correspond to each other, which makes 

an evidence of the amplification 

mechanisms. A sharp sensitivity growth of 

particular samples was observed at 

distribution point and sensitivity increased 

for several times in this region, as shown in 

Fig. (5). 

 

 
Fig. (3) Variation of current sensitivity with the applied 

electric field for the fabricated photodiodes 

 

 
Fig. (4) Variation of the dark current density with the applied 

electric field for the fabricated photodiodes 

 

Figure (5) shows the variation of current 

sensitivity with the applied electric field. 

Similarly, figure (6) shows the variation of 

dark current density with the applied electric 

field and the same behavior is observed 

below 200 V/cm and then the dark current 

density tends to be constant during the range 

200-800 V/cm within 75-90 A/cm2. Such 

behavior is preferred to recognize the 

characteristics of the fabricated photodiode 

in the same range of applied electric fields 

considered for optimum operation. 

Similarly, the dark current density begins to 

increase beyond applied electric field of 103 

V/cm. 

The voltage sensitivity was observed at 

about 2x109 V/W (R=RPD) and then the 

detectivity of photodiode was measured too. 
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Radiation of thermal source (T=500K) at the 

receiver temperature of 263K and at the 

field-of-view (FOV) on the background 60° 

was also used.  For the applied field of about 

10 V/cm, the specific detectivity (D*) was 

about 8x109 cm.Hz1/2/W. Practically, at 

electric fields of 5-6 x102 V/cm, the specific 

detectivity was not changed, although such a 

sensitivity increased abruptly, but in that 

case the noise-level increased as well. 
 

 
Fig. (5) variation of the current sensitivity with the applied 

electric field for the fabricated photoresistors 

 

 
Fig. (6) Variation of the dark current density with the applied 

electric field for the fabricated photoresistors 

 

An idealized curve of relative spectral 

sensitivity with a peak wavelength of 3.8 μm 

was used to define the absolute spectral 

detectivity and further D*max/D
*

500 was 

calculated. In this case, the relation was 

equal to 12.5 and D*max≈1011 cm.Hz1/2/W at 

60° field-of-view. 

The magnitude of sensitivity and 

detectivity did not depend on frequency in 

the range around 200 kHz. Increasing 

detectivity with decreasing field-of-view on 

a background up to 30° was registered to be 

about 2.1x1011 cm.Hz1/2/W. 

 

 
Fig. (10) Variation of the current sensitivity with temperature 

for fabricated tellurium-doped silicon photodiode 

 

4. Conclusions 
From the results presented in this work, 

we could conclude that a negative resistance 

region on the I-V characteristics and Ohmic 

region were observed in the forward bias at 

no-illumination and low-injection 

condition. After the beginning of an impact 

ionization, an I-V characteristics region was 

observed in which the voltage did not 

depend on current for most diodes. Most 

photodiodes had high photosensitivity near 

the breakdown point. Detectivity increased 

with the decreasing of the field-of-view. 

Tellurium-doped silicon diode structures 

can successfully be used as radiation 

photoreceivers in the atmospheric window 

3-5 μm with a reasonable efficiencies. 
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