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ABSTRACT 

 

The II-VI compounds are piezoelectric and moreover, they also possess 

charged dislocations. Thus, there are possibilities that the mechanoluminescence 

(ML) in II-VI compounds may be caused by the piezoelectrification as well as by the 

movement of charged dislocations. The electric field produced due to the 

piezoelectrification of the newly created surfaces is sufficient to cause dielectric 

breakdown in the crystals or phosphors. In this electric field, tunneling of trapped 

electrons to conduction band may take place whose recombination with the 

luminescence center may give rise to the luminescence. The accelerated electrons in 

the conduction band may also stimulate luminescence center during their collisions 

with the luminescence centers. According to the charged dislocation model, the 

dislocation motion stimulates the electron trapped centers in the vicinity of dislocation 

core, at distance of the order of intr . The electrons tunnel into the conduction band, 

where they stay until they recombine with the luminescence center. Later on, the 

recombination of electrons with luminescence center give rise to the light emission. 

In such a mechanism we can also expect radiative recombination near the dislocation 

i.e. in the strong electric field produce by the dislocations. 

It has been found that the electric field due to the charged dislocations is one 

order higher as compared to the strength of piezoelectric field. Thus, it seems that the 

major contributions to the ML in II-VI compounds is from the moving charged dislocations. 
 

Keywords: Mechanoluminescence, Piezoelectrification. 

 

INTRODUCTION 
 

The ML produced from natural and synthetic zinc sulphide was made systematically 

by the scientist only in the present century. The mechanoluminescence and high pressure 

http://www.physics-journal.org/
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photoluminescence of (Zn, Cd) S phosphors1 reported that the ML spectra of (Zn, Cd)S 

phosphors shift towards shorter wavelength side as compared to the photoluminescence 

spectra, however, the photoluminescence spectra shift towards shortwave length side with 

increasing pressure with less pressure coefficient. On the basis of this result, he eliminated the 

thermal population mechanism and suggested the electrical excitation mechanism for the ML 

excitation. The decay of ML after the deformation of (Zn,Cd)S phosphors may be controlled 

by the recombination rate of holes and electrons i.e. by the finite times required for the 

liberation of the elections from the traps and for the electron transport and consequently the 

decay of ML may be similar to the decay of photoluminescence. 

 The ML of impurity doped II-VI compounds and mixed phosphors has been studied 

by2 and reported that (Zn, Cd) S:Cu phosphors exhibit intense ML which is more suitable from 

the application point of view. The ML spectra of phosphors were found to be similar to either 

the photoluminescence or electroluminescence spectra. It was found that the temperature at 

which ML ceases is much less as compared to the melting point of the phosphors and the 

decrease in ML intensity with temperature is faster as compared to the decrease in PL intensity 

with temperature. 

 The steady state luminescence of plastically deformed Cu doped ZnS crystals in of 

dislocation origin3 studied the dependence of ML intensity on various parameters such as 

temperature, velocity of the moving dislocation, dislocation charge density and the depth of 

electron centers. Recently, the ML in plastically deformed semiconductors, particularly in II-

VI compounds4. Radiative electron transition from the conduction band to deep point centers 

created during plastic deformation of a crystal in the field of a charged dislocation are reported. 

It is shown that the many photon nature of process and tunnel effect can explain the profile 

and width of ML spectra and also the shift of the spectrum relative to the PL spectra of an 

unstrained crystal. Polarization effects are predicted from the ML. Numerical calculations of 

the spectral properties of the ML leads to good agreement between theoretical and 

experimental results. 
 

MECHANISMS OF THE FRACTO-STIMULATED ML IN II-VI COMPOUNDS 
 

The II-VI compounds are piezoelectric and moreover, they also possess charged 

dislocation. Thus, there are possibilities that the ML in II-VI compounds may be caused by the 

piezoelectrification as well as by the movement of charged dislocations. In the following 

paragraphs, we shall discuss the ML excitation due to the piezoelectrification of the newly 

created surfaces and the ML excitation due to the movement of the charged dislocations. 
 

ML EXCITATION CAUSED BY THE PIEZOELECTRI-FICATION OF NEWLY 

CREATED SURFACES PRODUCED DURING FRACTURE OF II-VI COMPOUNDS 
 

As the crystal of II-VI compounds are piezoelectric5 the piezoelectric charging of 

newly created surface may take place, we have discussed in detail the ML produced during the 

fracture of piezoelectric crystals. In a similar way, the ML can also be excited near the newly 

created surfaces of II-VI compounds. 
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ML EXCITATION CAUSED BY THE MOVEMENT OF CHARGED DISLOCATIONS 

PRODUCED DURING FRACTURE OF II-VI COMPOUNDS 
 

Now, we shall discuss the ML excitation caused by the movement of charged 

dislocations produced during fracture of II-VI compounds with respect to the following points: 

(1) electrification caused by movement of charged dislocations in II-VI compounds, (II) 

excitation of charge carriers in the vicinity of moving charged dislocations, and (iii) carrier 

recombination and the occurrence of luminescence. 
 

THEORY  
 

Most of the phosphors exhibits ML only during their deformation and the ML emission 

stops as soon as the deformation is interrupted. When such phosphors are deformed 

impulsively by dropping a piston, the ML intensity, initially increases, attains a maximum 

value and then decreases. Thus, one peak is generally observed in the ML intensity versus time 

curve of phosphors. 

During the fracture of phosphor, the movement of dislocations takes place in front of 

the moving crack tips. The electric field produced during the movement of charged 

dislocations in the phosphors like ZnS, ZnSe etc. can cause the tunneling of electrons to the 

conduction band. 

If   is the probability of radiative recombination, then the ML intensity may be given by 

  I I t to   exp( ) exp( ) 1         (1) 

where  I
g

o
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Equation (1) shows that I = 0 at t = 0 and t   . Thus, the ML intensity should be maximum 

for a particular value of time. 

(a) Estimation of tm  

 The value of time tm  at which the ML intensity attains a maximum value may be 

obtained  
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(b) Estimation of Im  
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 The above discussion shows that if there is ML only during the deformation of the 

phosphors, then there should be only one peak in the ML intensity versus time curve of the 

phosphors and it should be in the deformation region. 
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 It is evident from the equations (4) that Im  should also increases with increasing rate 

of generation go  of the carriers in particular band. 

(c) Estimation of IT  

 The expression of total ML intensity IT   
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It is evident from the above equation that IT  should also increases with increasing rate of 

generation go  of the carriers in the particular band. 

If d  is the  mean free path of the dislocations and n t  is the density of the field traps 

in II-VI compounds, then the number of the filled traps excited by a dislocation is 2d i dr n , 

where ri  is the radius of interaction between the dislocation and the filled traps. Here, factor 

2 has been taken because of the dislocation can interact with the filled traps lying in the 

compressive as well as in the expansion regions in the edge dislocation. In the case of II-VI, 

compounds ri  is the defined as the distance within which the probability of tunneling of the 

electrons from the filled traps to conduction band is one6, therefore, the probability factor is 

not involved in this case. It should noted that as the ground state of an F-centre in alkali halides 

lies below the dislocation band, at a given temperature PF  is always less than 1, hence, it has 

to be included in the expression. 

   dependence on the impact velocity of the piston used to deformed the crystals 

(Phosphors which are small crystal lattice in this case),  
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 Substituting the value of   and go  Tmm I andI ,t  may be expressed in the 

following ways :
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COMPARISON BETWEEN THE THEORETICAL AND EXPERIMENTAL RESULTS 

 

It has been found that when the crystals of II-VI compounds are deformed impulsively 

by the impact of a moving piston on to the crystals, initially the ML intensity increases with 

time, attains a maximum value and then it decreases with time (Fig 1). The peak of ML 

intensity versus deformation time curve increases in the intensity and shifts towards shorter 

time values with increasing impact velocity of the piston. Equation (1) shows that the ML 

intensity should be optimum for a particular value of time. Thus, the dependence of ML 

intensity on the deformation time is in accord with the theoretical prediction. 

Fig. 2 shows that the ML intensity Im  corresponding to the peak of the ML intensity 

versus time curve, increases with the impact velocity of the piston. Fig. (5) Illustrates that the 

plot of log( / )I vm o  versus ( / )1 vo  is straight line with a negative slope. Thus, the 

dependence of the peak of ML intensity Im  on the impact velocity is in accord with equation 

(9). Fig. 

Fig.  1 Time dependence of the ML intensity of (I) ZnS:Mn and (II)     (Zn, Cd) S:Ag, Cl phosphors and (III) 

simultaneous time dependence of the velocity of piston. 



 Manas Kumar Sahu, J. Pure Appl. & Ind. Phys. Vol.7 (2), 35-44 (2017)  

40 

Fig.2 Impact velocity dependence of the peak intensity Im  of the ML intensity versus time curve for 

Zns:Mn; ZnS:Cu,Cl; ZnSe:Cu,Cl and (Zn,Cd)S:Cu, Cl phosphors. 

 

 

Fig.3 Impact velocity dependence of total ML intensity I for Zns:Mn; ZnS:Cu,Cl; ZnSe:Cu,Cl and 

(Zn,Cd)S:Cu, Cl phosphors. 
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Fig.4 Dependence of tm on the impact velocity vo of the piston 

 

Fig (3) shows that the total ML intensity IT  increases with the impact velocity of the 

piston. Fig. (6) shows that the plot of logIT  versus ( / )1 vo  is straight line with a negative 

slope. This follows the theoretical prediction made by the equations (10) Fig. (4) shows the 

dependence of the time tm  corresponding to the ML intensity versus time curve of crystals 

on impact velocity of the piston. Fig (7) shows that the curve between tm  and log( / )1 vo  is 

straight line with positive slope. These results support equation (8). 

 Most of the phosphors shows only one peak in their ML intensity versus deformation 

time curve. However, (ZnCd)S:Ag phosphors possess two peak in their ML intensity versus 

time curve. One peak lies in the deformation region and other peak lies in the post deformation 

region Fig (8). The appearance of second peak in the post deformation region of the phosphor 

can be explained in the following way. The electron released from the filled traps during the 

electrostatic interaction between moving charged dislocation and filled traps reach the 

conduction band the subsequently some of the electrons in the conduction band get trapped in 

the shallow traps, whereby the thermal stimulation releases the electron from the traps and the 

luminescence appears during the electron-hole recombination. Thus, trapping of conduction 

electron by the shallow traps causes the delayed ML which appears in the post deformation 

region of the phosphors. 

 Conclusively, it may be said that the ML excitation during fracture of II-VI 

compounds may be produced by the movement of charged dislocations as well as by the 

piezoelectrification of newly created surfaces. In the II-VI compounds the strength of the 

electric field due to the charged dislocations is one order higher as compared to the strength of 

the piezoelectric field. Hence, the major contribution to the ML in II-VI compounds is from 

the moving charged dislocations. A good correlation between the theoretical and experimental 
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results supports the proposed theory. 

 Both the ML and PL intensities decrease with increasing temperature of the phosphors. 

It is seen that the ML intensity decreases more rapidly with increasing temperature as 

compared to the decrease in PL intensity with temperature. Since temperature affects only the 

efficiency   in the case of PL, however, it affects both   and the dislocation linear charge 

density in the case of ML, the ML intensity decreases faster as compared to PL intensity with 

increasing temperature of the crystals. 

Fig.5 The plot of  log /I Vm o  versus   1/ Vo  (ZnS:Mn) 

 

 

Fig.6 The plot of  log Im  versus   1/ Vo  
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Fig.7 The plot of tm  versus   log / 1 Vo . 

Fig.8 Time dependence of the transient ML intensity of (Zn, Cd)S:Ag,Cl phosphors (CdS, 15 percent; Cu, 

1000 ppm) for different impact velocities. 
 

CONCLUSIONS  
 

In II-VI compounds the piezoelectrification of the newly created surfaces as well as 

the movement of the charged dislocations during fracture may give rise to the ML excitation. 

According to the charged dislocation model, the dislocation motion excites the electron trapped 

centers in the immediate vicinity of dislocation core, at distance of the order of rint. The electric 
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tunnel into the conduction band and then they recombine with the luminsence centers. It is 

found that the major contribution to fracto stimulated  ML in II-VI compounds is from the 

electrostatic interaction of charged dislocations with the filled traps. In such a mechanism we 

can also expect radiative recombination near the dislocation i.e. in the strong electric field 

produced by the dislocation. 
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