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Photo-Hall effect spectroscopy (PHES) has recently become known as an effective instrument in 
the study of deep levels (DLs) in high-resistive semiconductors. The PHES belongs to 
straightforward techniques directly visualizing DLs by the free carriers’ excitation [1]. In contrast 
to the photoconductivity (PhC) the measurement of the Hall voltage in a magnetic field enables 
distinguishing dominant carriers by the voltage sign. Compared to most of other techniques, 
PHES yields data represented by simultaneous determination of the trap ionization energy larger 
than Eg/2 at the actual temperature and at the relative position of respective bands without the 
deviation observed in thermal excitation techniques. 
 

We report here on a more sophisticated PHES with the simultaneous dual-wavelength 
illumination, where an additional extensive sub-bandgap laser diode (LD) illumination allowed us 
to refine important characteristics of DLs and enhance the PHES signal. The extensive set of 
experimental data collected both at the steady state and in dynamical regimes completed by 
theoretical analysis based on the Shockley-Read-Hall theory enabled us to significantly improve 
the knowledge of DLs and determine credibly DLs energies, concentrations, and thermal and 
optical capture cross sections. 

INTRODUCTION 

Sample properties : 

• Single crystalline (CdZn)Te detector 
with the zinc content of 4.5 %  
• Grown by the vertical gradient freeze 
method at the Institute of Physics, 
Charles University 
• N-type sample with dimensions of 
3x2x12 mm3 and chemically deposited 
Au contacts 
• Classical six-contact Hall-bar shape 
convenient for galvanomagnetic 
measurements 

EXPERIMENTAL SETUP: PHES with dual- wavelength illumination (DWPHES) 

• Single crystalline (CdZn)Te detector with    
the zinc content of 4.5 % 
• Grown by the vertical gradient freeze 
method at the Institute of Physics, 
Charles University 
• N-type sample with dimensions of 
3x2x12 mm3 and chemically deposited Au 
contacts 
• Classical six-contact Hall-bar shape 
convenient for galvanomagnetic 
measurements 

Sample properties: 

RESULTS 

Hall mobility versus laser induced 
photon flux at 0.8, 0.95, and 1.27 eV 
photon energy. 

Photoconductivity as a function of the extended 
(a) and low (b) photon flux at 0.73, 0.8, 0.95, 1.0 
and 1.27 eV photon energies. The dashed curves 
show the fit with the SRH model with parameters 
in Table 1. The error bars appear only if standard 
deviation exceeds a symbol size. Roman numerals 
designate respective transitions defined in DLs 
model responsible for photoconductivity rise 
produced by free carriers generation. 

Hall mobility spectra. Upper panel (a) shows PHES 
obtained without LD illumination. Bottom panel (b) gives 
plots of μH obtained by simultaneous illumination with 
monochromator and 0.8 eV LD light of different intensity. 
Vertical arrows indicate DL threshold energies. The 
vertical and horizontal error bars present standard 
deviation and monochromator experimental error, 
respectively. Roman numerals indicate energy regions 
representing different generation-recombination 
processes  The inset picture shows a screening coefficient. 

Reduced photoconductivity spectra with the additional LD 
illumination at (a) 0.95 eV, 1.27 eV and (b) 0.8 eV. Black 
dashed curves with full bullets show spectra without 
additional illumination. Corresponding  LD intensities were 
chosen to show best the effect of reduced PhC 
enhancement and suppression. 

Reduced photoconductivity σR=σM+LD  σLD , where σM+LD, 
and σLD are the photoconductivity under simultaneous 
monochromator and LD illumination, and PhC produced by 
purely LD illumination, respectively. 

  Dual-wavelength Photo-Hall effect spectroscopy was used in the exploration of high- 
resistive n-(CdZn)Te with complex deep levels structure. 

  Five DLs were detected and their properties were deduced by fitting the experiment 
using modified SRH model.  

  We also found the influence of respective DLs on the unusual Hall mobility behavior 
and identified the reasons of bad detector quality of the material. 

  The negative differential photoconductivity was observed and explained by the model 
of potential fluctuations enhanced by extensive illumination at particular photon energy.  

  The combination of dual illumination and PHES measurements highly upgrades the 
capability of optical galvanomagnetic methods for the exploration of DLs properties. 

CONCLUSION 

CHARGE DYNAMICS MODEL 
 

The Shockley-Read-Hall (SRH) theory completed by illumination-mediated deep level-band 
transitions is used for the evaluation of charge dynamics. 

The defect model with pondered transitions of the 
DLs. Full upward arrows delineate principal optical 
excitation, dashed arrows show thermally activated 
transitions (or supplementary optical transitions). 
The photo energies present threshold energies 
defined by experiment. 

ACRONYMS 
 

DL       Deep Level 
LD       Laser Diode 
NDPC Negative Differential 
Photoconductivity  
PhC    Photoconductivity 
PHES  Photo-Hall Effect Spectroscopy  
SRH    Shockley-Read-Hall   

DL ET1 ET2 ET3 ET4 ET5 

Position, eV Ec – 0.66 Ec – 0.75 Ec – 0.9 EV + 1.0 Ec – 1.2 

Nt, cm-3 1014 1012 1014 3×1013 1015 

αe, cm2 3×10-15 2×10-17 1.7×10-17 4×10-20 10-14 

αh, cm2 10-15 -* 10-17 10-18 8×10-15 

αei, 10-17cm2 470** 5 2.9 16 30 

αhi, 10-17cm2 - 7 22 2.4 10 

PhC 

character 
Sublin. Sublin. Sublin. Super. Sublin. 
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Experimental results  were incorporated into the 
simulations within the five levels scheme. The 
parameters resulting from the fit are given in Table 1. 
 
 

Table 1.  Parameters of the DLs model 

Summary of DLs properties  
 

• ET1 is responsible for low τe ≈ 120 ns of the free electron. 
• ET2 does not have a strong influence on the detector properties. It participates in the high-intensity excitation at 0.8 eV 
causing the population of ET4. 
• Electron traps ET3 and ET1 are responsible for the polarization of the detector. ET3 is populated at similar energy as the 
hole trap ET4 and both DLs have similar concentrations. 
• ET4 is nearly unoccupied by electrons in the equilibrium and it becomes negatively charged after the electron filling. 
Electron occupancy of this DL yields in a μH decrease. 
• ET2, ET3, and ET5 are nearly completely occupied in the equilibrium. They induce sublinear behavior of PhC. These DLs 
induce the μH restoration. 

Reduced photoconductivity spectra with the additional LD illumination obtained by SRH theoretical 
simulation with parameters from Table 1. Black dashed curves show theoretical spectra without 
additional illumination 

MODEL SIMULATIONS 
 
 

Reduced photoconductivity spectra 
with the additional LD illumination 
obtained by SRH theoretical simulation 
with parameters from Table 1. 
 
Black dashed curves show theoretical 
spectra without additional illumination. 


