
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 16, Number 7 (2021) pp. 575-589 

© Research India Publications. http://www.ripublication.com 

575 

Characteristics of the Mechanically-Stimulated Luminescence in II-VI 

Compounds 

 

Manas  Sahu 

Department of Physics of Sound,  

Indira Kala Sangit Vishwavidyalaya Khairagarh (C.G.) India. 

 

 

Abstract 

In II-VI compounds the electrons ionized from the filled traps 

due to the intense electric field of moving charged 

dislocations, move in the conduction band and then they emit 

light during their subsequent recombination with the holes in 

the crystals. Thus, Mechanoluminescence (ML) in II-VI 

compounds is primarily associated with the radiative electron 

hole recombination. 

An analysis of possible ML mechanisms has shown that the 

charge dislocation-activator centers interaction leads to 

activator ionization. Ionization may occur by tunneling of 

electrons from the impurity levels to the conduction band 

under the operation of strong electric fields close to a charge 

dislocation. The electric field at a distance r from the core of a 

charged dislocation is given by 
r

q2
E

o
  where 0  is the 

dielectric permittivity. At 35.0q
0
  e/units, where e is the 

electron charge, the electric field voltage at a distance 

cm10      r 7  from the dislocation core is 

6104.3E  V/cm. 

the following two possibilities has been analyzed 

(i) Activators behaving as ionization centers as well as 

recombination centers, and 

(ii) Activators only behave as recombination centers and 

other defect centers (filled trpas) behaving as ionization 

centers. 

In the case when activators behave as ionization centers as 

well as recombination centers, the electric field of moving 

charged dislocation (D) ionizes the activator centers (L) and 

the subsequent recombination of the electron (e) with ionized 

activator (L+), give rise to the light emission. The process can 

be represented a follows : 

 L D L e D   
 

 L e L L h       

when a crystal is deformed at a constant strain rate, initially 

the ML intensity will increase with time and then it will attain 

a saturation values the ML intensity should decrease 

exponentially with a decay time controlled by stress relaxation 

process. 

The activators only behave as recombination centers and other 

defect centers behaving as ionization centers, we assume that 

the electric field due to moving charged dislocations ionizes 

the electrons from the filled traps and the subsequent 

recombination of electrons with the activator centers 

containing holes, gives rise to luminescence characteristic of 

those activator centers. This process can be represented as 

follow : 

 DeCDC  
  

L e L L hp( ) *      

Where C is a trap filled with electrons, 
C  is an empty trap 

and L(P) is the activator containing hole. The saturation value 

of ML intensity is directly proportional to the strain rate  . 

Key Words- Luminescence, Mechanoluminescence 

 

INTRODUCTION 

ML produced form natural and synthetic zinc sulphides was 

studied in detailed in the present century. However, it has 

come into knowledge long back that the rubbing of the surface 

of mineral sulpharite (ZnS) shows the visible traits of light. 

The ML spectra of sphalerite (largely ZnS:Mn) was roughly 

measured [1]. The ML was excited by allowing a rotating disc 

suspended in glue, on which the powdered material was 

pasted. He observed by naked eyes that the ML spectrum was 

extended from 550 nm to about 650 nm. Zinc sulphide was 

fused with a variety of other compounds, e.g. oxides of 

manganese, tin or silicon and he observed visually the relative 

ML intensities of new solids. The ML spectra of different 

samples of ZnS:Mn was also measured  and he compared with 

the phosphorescent spectra produced under X-ray excitation. 

He observed that the ML spectra of all the samples had their, 

maximum intensity at a mean value of 557   5 nm which 

compares well the mean value of 552  3 nm at which 

maximum intensity was found to occur in the phosphorescent 

spectrum. This fact showed the similarity between the 

mechanoluminescence and photoluminescence 

spectroscopy.[2] 

The ML spectra of four natural sphalerite samples and one 

commercially produced ZnS:Mn powder[1]. He found that the 

maximum phosphorescent intensity (excited by mercury arc) 

occurred at virtually the same wavelength at around 590 nm 

and 575 nm, respectively.The gas discharge component in the 
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ML spectra and investigation for checking whether the 

mechanism of ML resembles with that of electroluminescence 

(EL) and photoluminescence (PL). The ML spectra of ZnS 

phosphors with different activators and co-activators was 

observed by them and they found that the ML spectra was 

most closely the same as EL spectra. Curie and Prost (1964) 

had also suggested that EL might be responsible for the ML of 

ZnS.  The similar conclusion on the basis of closeness found 

in the ML and EL spectrum of ZnS phosphors.[5,6] 

The correlation between ML with EL was observed in 

addition to the spectroscopic method, such as the ML intensity 

was shown to have the same functional dependence on force, 

as the electroluminescence intensity has on voltage. Also, the 

temperature dependence and time decay characteristics in both 

ML and EL are found to be of similar nature [6]. It was 

proposed that the ML of doped ZnS phosphors may be due to 

the deformation stimulated luminescence. 

 When a top-hat compression pulse in applied to Mn doped 

ZnS powder suspended in oil in a pressure cell, a brust of light 

was emitted at both the intences of rise and fall of the 

compressional pulse. The pressure pulse in cell with the help 

of a piezoelectric transducer and the ML output. They also 

applied a voltage pulse, similar to the pressure pulse, to a cell 

containing an identical suspension of ZnS:Mn powder and 

observed the EL output. It was found by them that the ML 

pulse, due to application of hydrostatic pressure pulse to the 

ML cell, was most closely the same as the EL pulse created 

after applying the voltage pulse to the EL cell. They also 

found that by applying a periodic sinusoidal varying pressure 

to a thin layer of ZnS:Mn powder, through piston connected to 

an electromagnetic vibrator, the frequency of ML pulses 

became twice the frequency of applied varying force. This 

fact also showed a kind of similarity between ML and EL 

phenomena.[7-8 ] 

The detailed investigations on the pressure dependence of ML 

and voltage dependence of EL. Samples of variously doped 

ZnS powder in the form of 0.1 mm thick layers were prepared 

by them and then both a pressure pulse and a voltage pulse 

was applied to each sample separately. A transient stress was 

applied by dropping a fixed weight on to the sample kept at 

the top of hard glass plate. The nature of the stress curve was 

measured by a piezoelectric disc placed beneath the 

sample.[6] 

The maximum value of ML intensity (I) for ZnS:Cu, Cl; 

ZnS:Mn and ZnS:Cu, I varies with the maximum value of 

compressive stress 
)/(

om

2/1

eII  , where Io  and   

are constants which are different for different phosphors. But 

other workers who were also working at that time could not 

get results which could satisfy the above relationship. The 

total quantity of ML intensity I after subjecting a ZnS:Mn 

powder to a hydrostatic pressure step of magnitude p varies as 

I e p ( ) 2

, where   is the constant.  Varying the height 

from which steel ball is dropped on a ZnS:Mn, Cu 

electroluminescent panel observed that amplitude of the ML 

pulse was proportional to the impact energy of the ball.[6-10] 

The ML in luminescent ZnS powder was observed at different 

pressures. It was found experimentally that the ML appears 

only when there is a time change in the applied pressure. 

Similar experiments were carried out  with Cu doped ZnS. 

They came to a conclusion that the instantaneous ML intensity 

of luminophors depends on the instantaneous change of 

pressure and the ML does not occur until a certain minimum 

pressure Pmin is attained  Both the pressure and ML 

brightness during impact of a load on the luminescent ZnS:Mn 

and ZnS:Cu powders. The powder was placed in solid binding 

matter, in a layer of 0.1 mm thickness in a weight ratio of two 

parts of binding matter to one parts of binding matter to one 

part of luminescent powder having a mean grain size of 20 

microns. The above experimental study made luminescent 

pulse was produced only when the pressure pulse decreased 

and that it reaches maximum when the pressure pulse is 

minimum. The luminescent brightness at impact in 

luminescent powder was caused by elastic and plastic fracture. 

However, it could not be confirmed whether the ML was 

produced only by elastic or plastic fracture or by influence of 

both together.[11-14] 

The stimulated ML mechanically by means of a magnetic 

vibrator having a frequently of 50 cycles per sec. The ZnS:Mn 

(Cu, Ag) was scattered in the form of a suspension in different 

solids. This experiment proved that periodic ML can be 

stimulated by periodically supplying fracture energy to ZnS 

luminophors. The frequency of the periodic ML impulses was 

the same as that of stimulating mechanical frequency. It was 

also found at lower pressures, the ML exhibits periodicity, 

limited in times and the periodicity of ML disappears at an 

stimulating pressure of 700 Kb/cm2. A recombination centre 

of the Cu+-S- in the ideal ZnS lattice has “local” piezoelectric 

properties. He made an attempt to explain the ML stimulation 

on the basis of this logic.[13-14] 

The ML stimulation in ZnS phosphors occurs in two stages, 

first, during the plastic-elastic deformation and second during 

the fracture. In the first stage, the mechanical stress affects the 

local electric field which ionizes the luminescence centers. In 

the second stage, the bonds between the luminophor atoms are 

turn, which give rise to a large number of free electrons in the 

region between the fractured surfaces. The luminophor is 

disturbed to a certain depth below the fracture space at the 

moment of fracture, which may in turn create free electrons 

and holes in the conduction and valence bands in the region 

below the fractured surfaces. This fact produces space charges 

which may cause the ML stimulation.[4] 

The electrical and luminescence properties of CdS, as a 

function of hydrostatic pressure and uniaxial stress. The ML 

was observed when the uniaxial stress was being applied to 

the crystal in the low resistivity state. The integrated intensity 

of ML was found to be independent of the rate of applied 

stress over a range of ten to one and the ML consisted of the 

characteristic green-edge emission and a red luminescence 

centering at about 660 nm.[16] 

The ML as a function of strain. Results on ZnS:Mn phosphor 

indicated that 5% of the emitted light was observed in the 

elastic region, 80% observed during plastic deformation and 

the rest 15% at fracture. When the strain was recycled, no 

light emission occurred in the elastic or plastic region of the 

second application of strain until the magnitude of the 

previous applied strain was passed. The dependence of ML 
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intensity on the strain rate was also observed by them.[9] 

It has been observed under hydrostatic pressure that the ML 

were the result of piezoelectrically stimulated 

electroluminescence. However, dislocations are not mobile 

under pure hydrostatic pressure and ML stimulated by this 

mechanism would not be observed. Applied rapid pulses of 

hydrostatic pressure 100 times greater than necessary to 

piezoelectrically produce a sufficient electric field and 

observed the electroluminescence. No emission was observed 

and therefore, he suggested that moving dislocations were 

responsible for ML in these crystals.[17] 

The ML spectrum and the roentgen luminescence (X-ray 

excitation) spectrum of samples of (Zn,Cd)S phosphors. Both 

spectra have peak at about 540 nm. However, he found about 

a 15 nm difference in spectral peaks of Dopant D-screen 

(ZnS: Ag) with a photo-peak higher and attributed the 

difference to pressure effects [18]. The ML spectra were 

obtained by impulsively deforming the phosphors.  Concluded 

the ML caused by mechanical deformation of a solid cannot 

be simply assigned to a new mechanism. The complex energy 

band structure of imperfect crystals allows a multitude of 

excitation and relaxation processes. However, he believed that 

the ML emission is comparable to other well documented and 

better understood luminescence phenomena. The difference is 

in the process of excitation of electrons, while relaxation with 

photon emission involves the same optical transition centers 

as in other types of luminescence. They investigated five 

inorganic ML materials were investigated, viz, zinc fluoride: 

manganese activated (ZnF2: Mn), zinc sulphide: silver 

activated (ZnS:Ag), zinc sulphide: manganese activated 

(ZnS:Mn), calcium pyrophosphate: Dysprosium activated 

(CaP2O7:Dy) and zinc cadmium sulphide (ZnCdS). It was 

found that ZnCdS produced the highest ML light output. The 

overall purpose of apply the ML concept to a wireless fuse 

system for army war head. The concept was tested in several 

prototypes 65mm war heads and proved . He further made 

efforts to determine the light output of the ML phosphors 

(ZnCdS) as a function of (i) bonding resin, (ii) thickness of 

phosphor, (iii) substrata material (Steel and Aluminum), (iv) 

impact pressure (projective velocity), and (v) temperature. 

The process of deformation, the ML pulses occur 

simultaneously with the sudden decrease in the value of 

electric field at the surface of the crystals [19-24]. This field 

can be detected directly, but in addition, it produces a 

birefringence in the crystals which decreases abruptly with the 

formation of each pulse of light. The pulsed ML is eliminated 

completely if the crystal is immersed in a transparent 

conducting fluid and it is much reduced in an insulating fluid 

such as silicon oil [28]. The effect can only be observed in 

crystals with a sufficiently high resistivity for the breakdown 

to be reached at the strain rate used. External influence 

affecting the plastic deformation rate of the sample, for 

instance, application of an external electric field [21-22], 

illumination in the activator absorption band [24], 

photoplastic effect  in a synchronous change in the number of 

ML flashes. The spectrum of the pulsed ML contains one peak 

centered at a particular wavelength depending on the activator 

in the crystal, and spectrum consisting of a set of lines. For 

example, the spectrum of pulsed ML in ZnS:Mn crystals 

consists of a broad peak centered at 585 nm and additionally a 

set of lines in between 300 and 400 nm. As ZnS crystal in 

almost opaque to wavelength below 338 nm (the band gap of 

ZnS corresponds to 338 nm), some if not all of these lines 

must be produced close to the surface. The spectrum differs 

from that of a discharge in air, in the case, because there is 

emission below 290 nm. 

The spectral, temperature, kinetic, and several other 

characteristics of pulsed ML imply that it has dislocation 

origin [19-23]. In II-VI type crystals, dislocations of a 

different mechanical sign have opposite electrical charges. 

The magnitude of the charge is very large and can attain 

values close to the magnitude of a single elementary charge 

per interatomic distance along the axis. During plastic 

deformation, the charged dislocation of opposite signs moves 

in opposite directions and brings out charge to the crystal 

surface. The potential difference across the crystal increases 

as deformation proceeds until it reaches a breakdown value at 

which a pulse of surface electroluminescence is emitted and 

this process is repeated continuously with increasing 

deformation of the crystal. A similar luminescence can be 

produced without any deformation by the direct application of 

an external electric field greater than about 1.2 MVm-1. The 

experimentally confirmed criteria, needed for the flash 

deformation glow to occur, is   const qVbr s/ R , 

where Vbr is the breakdown voltage, Rs is the sample 

resistance and q is the linear charge density of dislocations 

[28]. 

The light output from a deformed crystal dominates in pulsed 

ML, but if it is suppressed by immersing the crystals in a 

conducting fluid or by using a crystal of insufficient high 

resistivity or by short-circuiting the crystals lateral faces, 

continuous ML is observed in ZnS, ZnSe and CdS crystals. 

The ML intensity increases rapidly with an increasing external 

stress at   el , then, as deformation proceeds at a 

constant strain-rate, it attains a constant value Is whose 

magnitude is a linear function of the strain rate [20,23]. The 

number of light quanta emitted at constant strain rate i.e. 

N IdtML

o

t

  ,  is directly proportional to the magnitude of 

residual deformation of the crystal. A comparison of the 

curves characterizing a change of the luminescence intensity 

and the dislocation current magnitude, on the degree of 

deformation shows their full identity irrespective of the 

loading type. This implies that these processes have the same 

mechanism, i.e. both the continuous ML and dislocation 

current in II-VI compounds are caused by the motion of 

charged dislocations [21, 22, 24, and 28]. A parallel 

investigation of spectral and temperature characteristics of 

photoluminescence and continuous ML suggests that in II-VI 

compounds, a continuous ML is an intra-centre glow of 

activators available, for instance, Cu or Mn ions substituting 

Zn cations in ZnS crystal lattice nodes  and correlated the 

plastic-induced ML of II-VI compounds, with moving 

charged dislocations[24]. ML of II-VI compounds involving 

the radiative electron transition from the conduction band to 

deep point centers [32]. When crystals are illuminated with 
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band gap radiation, electrons are excited and held in deep 

traps which are stable at room temperature. These electrons 

can subsequently be released by suitable illumination or by 

heating to produce photoluminescence or thermo-stimulated 

luminescence. The prior irradiation with ultraviolet radiation 

increases the continuous ML by a factor of 1.5.[24] It is found 

that the same treatment increases the dislocation charge by 

about 30 percent. The thermo-stimulated luminescence that 

can be produced by heating an irradiated crystal is reduced by 

plastic deformation between the irradiation and heating. This 

result strongly suggests that the deformation is emptying the 

same traps which give rise to the thermo-stimulated 

luminescence. 

The mechanoluminescence and high pressure 

photoluminescence of (Zn, Cd) S phosphors. It was reported 

by him 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 shorter wavelength side with increasing 

pressure with less pressure coefficient. He eliminated the 

thermal population mechanism on the basis of this result and 

suggested the electrical excitation mechanism for the ML 

excitation. The decay of ML after the deformation of (Zn, Cd) 

S phosphors can be controlled by the recombination rate of 

holes and electrons, i.e. by the finite times required for the 

liberation of the electrons from the traps and for the electron 

transport and consequently the decay of ML may be similar to 

the decay of photoluminescence.[29] 

The ML of impurity doped II-VI compounds and mixed 

phosphors. According to him intense ML is exhibited by (Zn, 

Cd)S:Cu phosphors, 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 electro 

luminescence spectra. The temperature at which ML ceases 

was found to be much less as compared to the melting point of 

the phosphors, and decrease in ML intensity was found to be 

faster as compared to the decrease in PL intensity with 

temperature.[31] 

 

The ML in plastically deformed semiconductors particularly 

in II-VI compounds. 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 many photon nature of the 

process and tunnel effect can explain the profile and width of 

ML spectra and also the shift of the spectrum relative to the 

PL spectrum of an unstrained crystal. Polarization effects are 

predicted from ML. Numerical calculations of the spectral 

properties of the ML leads to good agreement between the 

theoretical and experimental results.[32] 

 

CHARACTERISTICS OF MECHANICALLY-

STIMULATED LUMINESCENCE IN II-VI 

COMPOUNDS 

Detailed experimental studies have been made on the 

mechanically- stimulated luminescence in II-VI compounds 

and some interesting results have been obtained. Following 

are the important characteristics of the mechanically 

stimulated luminescence in II-VI compounds. 

 

DEFORMATION CHARACTERISTIC 

Fig 1 shows the ML versus deformation time and stress versus 

deformation time curves of ZnS:Cu, Al crystal, where the 

deformation rate was 10𝜇𝑚/𝑚𝑖𝑛 and the size of the crystal 

was  3 × 3 × 6 𝑚𝑚3. It is seen that the ML starts appearing 

during the plastic deformation of crystal, then it increases and 

attains a saturation value. When the cross-head is stopped the 

ML intensity decreases[24] . 

 

THERMAL CHARACTERISTIC 

The effect of temperature on the ML and photoluminescence 

(PL) intensity of ZnS:CuCl phosphor is shown in Fig. 2. Both 

the ML and PL intensities are found to decrease with 

increasing temperature of the phosphor. The ML intensity was 

found to decreases more rapidly with increasing temperature 

as compared to the decrease in PL intensity with temperature. 

 

Fig..1 -Intensity of deformation luminescence for deformation with a constant rate h =  10 m / min  (Curve-II). Diagram of the 

deformation (Curve-I) : (1) Instant of onset of the DL, (2) the DL reaches a stationary regime, (3) end of active deformation of the 

crystal 
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Fig. 2 – Effect of temperature on the ML and PL intensities 

of ZnS:Cu, Cl phosphors (Cu, 1000 ppm) 

Fig. 3 - ML and PL spectra of ZnS:Mn; ZnS:Cu, Cl; ZnS:Ag, Cl; 

ZnS:Au, Cl and CdS:Te phosphors. 

 

SPECTRAL CHARACTERISTIC 

Fig. 3 shows the shift of ML spectra towards the shorter 

wavelength side as compared to the PL spectra for ZnS:CuCl, 

ZnS:AgCl and ZnS:AuCl. However, the ML spectra of 

ZnS:Mn shift slightly towards longer wavelength side as 

compared to their PL spectra. Fig. 4 shows that the ML 

spectra for ZnSe:Cu ZnSe:Ag and ZnSe:Au shift towards  

 

 

shorter wavelength side whereas ML spectra for ZnSe:Mn 

shift towards longer wavelength side as compared to their PL 

spectra. Fig. 5 shows that the peaks of both ML and PL 

spectra shift towards longer wavelength sides with increasing 

contents of CdS in (Zn, Cd)S:CuCl phosphors. Fig. 6 shows 

the variation of wavelength for the peak of ML and PL spectra 

with respect to CdS content. 

 

Fig. 4 - ML and PL spectra of of ZnSe:Mn; ZnSe:Cu,; ZnSe:Ag,; ZnSe:Ag and ZnSe: Au phosphors. 
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ACTIVATOR CONCENTRATION CHARACTERTISTIC 

Fig. 7 shows the effect of activator concentration on the ML 

intensity ZnS:CuCl phosphors with increasing the value of 

activator concentration, the intensity of II-VI compounds 

initially increases and it attains an optimum value for a 

particular value of the activator concentration, and with 

further increase in the value of activator concentration the ML 

intensity decrease. 

 

IRRADIATION CHARACTERISTIC 

The illumination of II-VI compounds with ultraviolet rays 

results in the filling of traps and so the ML intensity increases 

with the irradiation of the phosphor with ultra violet rays. The 

increase in ML intensity with ultra violet irradiation is nearly 

1.5 times for ZnS:Cu, Al phosphors. 

 

MIXED PHOPHORS CHARACTERISTIC 

The ML intensity of ZnS phosphor was found to depend on its 

CdS content. It is found that the ML intensity is optimum for a 

particular composition of ZnS and CdS in the phosphors. 

Mixed phosphor characteristics of a (Zn, Cd)S:CuCl 

phosphors is shown in Fig. 8. The Figure shows that with 

increasing content of CdS in (Zn, Cd)S:CuCl phosphor, the 

PL intensity decreases. 

 

CRYSTAL-SIZE CHARACTRERISTIC 

The dependence of total ML intensity IT  on the size or mass 

of the crystal is shown in fig 9 and 10. It is seen that IT  

increases linearly with the mass of the crystals. 

 

IMPULSIVE CHARACTERISTIC 

Fig. 11 shows that with increasing strain rate or impact 

velocity of the piston, Im  increases linearly and they do not 

saturate for higher values of  the strain rate or impact velocity. 

Fig. 12 shows that IT  initially increases and then attains a 

saturation value for the higher values of the impact velocity 

and fig. 13 shows that as the impact velocity increases, time 

tm  decreases. 

 

  

Fig. 5 - ML and PL spectra of of (Zn,Cd) S:Cu, Cl phosphors. Fig. 6 -The effect of CdS content on the wavelength 

corresponding to the peak of the ML and PL 
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Fig. 7 - Effect of activator concentration on the ML intensity 

of ZnS:Cu, Cl phosphors. 

Fig..8 - The effect of CdS content in (Zn, Cd)S:Cu, Cl phosphors 

on the ML and PL intensities. 

 

 
 

Fig. 9 - Dependence of Im on the size of the crystal 

(ZnS:Mn). 

Fig. 10 - Dependence of IT on the size of the crystal (ZnS:Mn). 
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Fig. 11 – 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. 

Fig12 – Impact velocity dependence of the peak intensity ML 

intensity I for ZnS:Mn; ZnS:Cu, Cl; ZnSe:Cu, Cl and (Zn, 

Cd) S:Cu, Cl phosphors. 

 

 

 
 

Fig. 13 – Dependence of tm on the impact velocity vo of the 

piston. 

Fig. 14 – Bending of bands near a dislocation and schematic of 

electronic transitions. 
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Fig. 15 – Temperature dependence of the intensities of the blue (Curve 1), green (2), and orange –red (3) pholuminescence bonds 

and of the green band (4) of the deformation emission in ZnS:Cu, Al crystals. 

 

MECHANISM OF THE MECHANICALLY-

STIMULATED LUMINESCENCE IN II-VI 

COMPOUNDS 

The II-VI compounds possess charged dislocation and they 

are piezoelectric also. Thus, ML stimulation in II-VI 

compounds may occur due to the movement of charged 

dislocations and also due to the piezoelectrification. In II-VI 

compounds, the strength of the electric field produced due to 

the movement of charged dislocations is one order higher as 

compared to the strength of the piezoelectric field. Thus, it 

seems that the major contributions to the ML in II-VI 

compounds is from the moving charged dislocations. This fact 

has been accepted in the past by several workers [24,28,34] 

When a crystal is deformed, a large number of dislocations 

move, Thus, it may be believed that the major contribution to 

the ML produced during deformation of II-VI compounds 

may be due to the movement of the charged dislocations. 

 

ML STIMULATION CAUSED BY THE MOVEMENT 

OF CHARGED DISLOCATIONS IN II-VI 

COMPOUNDS 

We shall discuss the ML stimulation caused by the movement 

of charged dislocations in II-VI compounds with respect to the 

following points: (i) Electrification caused by the movement 

of charged dislocation in II-VI compounds, (ii) stimulation of 

charge carriers in the vicinity of moving charged dislocations, 

and (iii) carrier recombination and the occurrence of 

luminescence. 

(i) Electrification caused by the movement of 

charged dislocations in II-VI compounds 

In many II-VI compounds like ZnS, CdS and CdSe, the 

presence of electric charges at dislocations has been detected 

at dislocations has been detected experimentally [26-27]. The 

charged dislocation was found to have a very high linear 

density, q, of the order of one electronic charge per inter 

atomic distance. Several physical phenomena like Photo 

plastic effect, deformation-stimulated luminescence, influence 

of electrical boundary conditions on plastic deformation 

processes, electro plastic effect and influence of dislocation 

motion on conduction current and photo current are found to 

be associated with the motion of charged dislocation [25,33]. 

It is a well known fact that in II-VI compounds, only those 

dislocations are charged which have broken bonds in their 

cores. Therefore, the presence of such bonds will be regarded 

as the cause of the appearance of the electric charges. It has 

been demonstrated by Read (1954) that the presence of broken 

bonds in a dislocation core results in the capture of electrons 

by these bonds, due to which a dislocation energy level Ed  is 

produced in the forbidden band of the semiconductor and 

electronic charges are generated along the dislocation line. 

Several investigations made on elemental and compound 

semiconductors also support this idea. 
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The electric field produced at a distance r from the dislocation 

core may be given by 

 E
q

K r


2

1

   -------(1) 

where q is the charge density per unit line of the charged 

dislocations and K1  is the dielectric constant of the crystal. 

In the above equation field around charged dislocation is 

assumed to be similar to the electric field produced by the 

charged filament. In M.K.S. units, the above equation may be 

expressed as. 

 E
q

rKo


2 1

  -------(2) 

where o  is the permittivity constant. 

Using equation (2) the electric field around the charged 

dislocations has been estimated and it is shown in Table 1 for 

certain II-VI compounds. The electric field around the core of 

charged dislocations is of the order of 1010 1Vm
, which is 

enough to cause tunneling of electrons from the trapping 

centers to the conduction band. 

(ii) Stimulation of charge carriers in the vicinity of 

moving charge dislocations. 

It is well known that the presence of strong electric field 

 E Vm 107 1  may produce additional carriers in 

semiconductors, the number of which increases sharply with 

increasing field. The mechanisms causing the above fact are: 

first, the shock ionization and second, the direct knocking out 

of valence electrons to the conduction band by the field. The 

latter mechanism which is analogous in a certain sense to cold 

electron emission form a metal surface was first considered in 

the quasi-closed approximation, which is natural for such a 

problem. The expressions obtained by this method for the 

number of electrons passing into the conduction band per unit 

time is given in the work [36]. It has been reported  that 

electron-hole pairs may be produced in semiconductors in a 

strong field tunneling of electrons from the valence band to 

the conduction and [35]has developed a theory of electron 

tunneling from deep impurity level into the conduction band 

in strong electric fields with account taken of multiphonon 

processes. 

According to the charged dislocation model, the dislocation 

motion excites the electrons from the filled electron traps in 

the immediate vicinity of dislocation core, at a distance of the 

order of rinf. The electron tunnels into the conduction band (fig 

14) where it stays until it recombines with the electrons 

trapping centers. In such a mechanism we can also expect 

radiative recombination near the dislocation i.e. in the strong 

electric field produced by the dislocation. 

Now, we shall analyze the probability of excitation of trapped 

electrons during the movement of charged dislocations in the 

crystal. As the electric field E around the dislocation is given 

by equation (1), the potential produced by the dislocation 

takes the following form. 

 
r

r
ln

K

q2 D

1
)r(    -------(3) 

where r is the distance fr0m the dislocation core and rD  is a 

constant. 

Table 1. Electric field produced during the movement of 

charged dislocations in II-VI compounds 

Crys

tal 

Linear 

dislocation 

charge- 

density(Coulo

mb , m-1[28] 

K1dielectric 

constant 

Distance 

from 

dislocati

on core r 

(meter) 

Field 

F
q

K ro


2

2 1

(Vm-1) 

ZnS - 3.0 10 10  8.32 10-9 6 40 109. 
 

ZnSe   2 0 10 10.  9.20 10-9 91090.3   

CdS   14 10 10.  9.00 10-9 2 80 109.   

Suppose the trapping centre is located at a distance r from the 

dislocation core. In this condition, an approximate treatment 

of the tunneling of the electron from the centre can be greatly 

simplified by linearizing the potentials near the centers. Thus, 

it may be assumed that during the tunneling time the electron 

is situated in a constant electric field given by expression [24]. 

  E r
q

K r
( )1

1 1

2
              -------(4) 

The expression for the tunneling probability in a constant 

electric field from an excited state of a centre located at a 

depth   oV  [35] may be given by 

 

 

   
























Ehe

Vm2

3

4
exp

Vm22

eE
W o

2/1

2

1

o

 -----(5) 

Now, the expression for the per second probability of electron 

tunneling from a centre located at a depth Vo  below the 

bottom of the conduction band and at a distance r1  from the 

dislocation core may be written as 
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o11
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VrKm2
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exp

kTVm2rK

qe
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      ----- (6) 

During the plastic deformation, the dislocation move with a 

certain velocity and therefore, the probability of excitation of 

the centre by a nearby moving dislocation may be expressed 

as 
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     -----(7) 

where ro  is the minimum distance between the dislocation 

and the centre (the impact distance) 

Analyze the tunneling probability where T=300 K, plastic 

deformation rate  / min,  10 m  and the dislocation 

linear charge density q = 0.34 e/site. The average dislocation 

velocity is estimated from the relation v2/bVN dd , 

where Nd  is the number of mobile dislocations, b is the 

Burger’s vector, v is the sample volume and   is the rate of 

plastic deformation. Taking Nd  10 106 7 cm  -2 ,   to 

be 10 m / min  and the dislocation velocity Vd  is found 

in between 5 10 4 
 and 5 10 2  m / sec. . For these 

parameter values, [24] have calculated the excitation 

probability W ro o( )  of the centers as a function of the 

impact distance and determined the effective radius ri  of the 

interaction with these centers, it is given by the relation 

 












1)r(atW1

1)r(atW)r(W

'
o

'
oi

o

oo

W ,drrWr      -------(8) 

It seems that the interaction radius is a function of the 

dislocation linear charge density, the depth of trap, the 

temperature and of the dislocation velocity. Thus, ri  may be 

written as 

   r F q T V T Vi d d , , ,          -------(9) 

Numerical integration of equations (8) and (9) shows that ri  

depends little on Vd  and T and is very sensitive to change in 

q and Vo . For example the interaction radius is 100 and 


A5   and Vo  equal to 0.80 and 2.75 eV respectively. 

Thus, it can be said that ri  decreases rapidly with increasing 

temperature, because dislocation charge decreases with 

increasing T. 

The above discussion shows that the electric potential 

surrounding the dislocations bends the valence band and the 

conduction band strongly. The electron centre “floats up” in 

synchronism with the band bending as the dislocation core 

approaches. Starting with a certain distance from the 

dislocation core, the process of electron tunneling from the 

centre into the conduction band becomes significant. The 

present model shows that a moving dislocation can transfer 

electrons from deep traps to the conduction band. These 

electrons subsequently recombine with the holes at impurity 

centers releasing radiation characteristic the centers. 

(iii) Recombination of carriers and the occurrence of 

luminescence 

The electrons ionized from the traps due to the intense electric 

field of moving charged dislocations, move in the conduction 

band and then they emit light during their subsequent 

recombination with the holes in the crystal. Thus, the ML in 

II-VI compounds is primarily associated with the radiative 

electron-hole recombination. 

 

THEORY OF MECHANICALLY STIMULATED 

LUMINESCENCE IN II-VI COMPOUNDS 

An analysis of possible ML mechanisms has shown that the 

charged dislocation-activator centers interaction leads to 

activator ionization. Ionization may occur by tunneling of 

electrons from the impurity levels to the conduction band 

under the operation of strong electric fields close to a charged 

dislocation. The electric field at a distance r from the core of a 

charged dislocation is given by r/q2E o , where o is 

the dielectric permittivity. At q e units. / ,35  where e is 

the electron charge, the electric field voltage at a distance 

cm10r 7  from the dislocation core is 

cm/V104.3E 6 . 

We shall consider two possibilities 

(i) Activators behaving as ionization centers as well as 

recombination centers, and 

(ii) Activators only behave as recombination centers and 

other defect centers (filled traps) behaving as ionization 

centers. 

Case I. Activators behaving as ionization centers as well as 

recombination centers 

In this case, the electric field of moving charged dislocation 

(D) ionizes the activator centre (L) and the subsequent 

recombination of the electron (e) with the ionized activator 

(L+), give rise to the light emission. This process can be 

represented as follows: 

  L D L e D   
 

  L e L L h       

If Na is the number of activators per unit volume, then the rate 

of generation g of the electrons in the conduction band is 

given by 

 g N N r V
N r

b
d a i d

a i 2
2 

  -----(10) 

Where ri  is the radius of interaction between the dislocation 

and activators. 
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In the case of II-VI compounds, ri is defined as the distance 

from dislocation line, the point where the probability of 

excitation of electrons from defect centers to the conduction 

band, is 1 [20,23]. Therefore, the probability factor (similar to 

PF  in the case of alkali halides) is not included in the above 

equation. Since the electric field close to the charged 

dislocation can ionize the traps, both in the compression 

region and expansion region of the dislocation, the factor 2 

has been included in equation (10). 

If the ionization of activators takes place by the electric field 

of moving charged dislocations, then except a few activators 

most of them will be ionized. As the recombination and light 

emission will take place only at the ionized activators centers, 

the rate of recombination will be vN r
'
a , where Na

'
the 

number of recombination centers (ionized activators centers) 

is,  r  is the cross sectional area of an ionized activator 

centre and v is the thermal velocity of electrons. In this case, 

the number of excess electrons reaching the conduction band 

will be equal to Na
'

 and the rate equation may be written as 

 
dn

dt
g vnr   2

   -----(12) 

where n is the number of excess electrons in the conduction 

band at any time t. 

Assuming aN  to be constant and integrating equation (12) 

and taking n=0, at t=0, we get 

  
























 tvg tanh

v

g
n

2

12

r

V

r

 -----(13) 

If   is the probability of radiative recombination, then using 

the equation (13) the ML intensity may be given by 

I vVnr  2
 





















 
 t

b

vrN2
tanh

b

VrN2
I

2/1
ria2ia 

 -----(14) 

The above equation shows that when a crystal is deformed at a 

constant strain rate, initially the ML intensity will increase 

with time and then it will attain a saturation value Is , given 

by expression 

 
b

VrN2
I ia
s





   -----(15) 

Equation (15) shows that the saturation value of ML intensity 

will be directly proportional to the strain rate. 

For studding the decay of ML, the crosshead of the deforming 

machine is stopped at a time t = tc, at which the ML intensity 

had attained a saturation value Is . As discussed previously in 

the case of alkali halides, the deformation rate will decrease 

exponentially with time and from equation (12) we get 

   2
rdoiad vntctexpvrNN2

dt

dn
 -------(16) 

As the solution of above equation gives complicated result, 

we may understand the ML decay approximately in the 

following way. The life-time of electrons in the conduction 

band of II-VI compounds is very short of the order of 10-7 to 

10-8, and the decay time of the strain rate associated with the 

stress relaxation process, is long, of the order of several 

seconds. Thus, for the value of strain rate at any time (t-tc), we 

may expect an equilibrium band and the rate of recombination 

of electrons with the holes. As such, we may take 
dn

dt
 0

and thus equation (16) gives 

   r d a i do cvn N N r v t t2 2  exp   -------(17) 

Now the ML intensity may be given by 

   I N N r v t td a i do c  2 exp  

The above equation shows that the ML intensity should 

decreases exponentially with a decay time controlled by the 

stress relaxation process. 

 

Case II. Activators only behaving as recombination 

centers and other centers behaving as ionization centers. 

In this case, we assume that the electric field due to moving 

charged dislocations ionizes the electrons from the filled traps 

and the subsequent recombination of electrons with the 

activator centers containing holes, gives rise to luminescence 

characteristic of those activator centers. This process can be 

represented as follows: 

  C D C e D   
  

  L e L L hp( ) *      

where C is a trap filled electrons, C+ is empty trap and L(P) is 

the activator containing hole. 

In this case the generation rate is g
N r

b

c i
2 

, where Nc is 

the number of ionization centers (filled traps) per unit volume. 

The rate equation for the change in number of electrons in the 

conduction band may be given by 

 
dn

dt
g N vna a      -----(19) 

where a  is the capture cross-section of the activator 

containing hole. 
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The ML intensity for a crystal of volume V may be expressed 

as 

   I I ts 1 exp /    ------(20) 

where, 



1

N va a

               ------(21) 

and  I
N r v

b
s

c i
2 

             ------(22) 

Equation (22) shows that the saturation value of ML intensity 

is directly proportional to the strain rate  . 

When the cross-head of the deforming machine is stopped at a 

time        t = tc, at which the ML intensity had attained a 

saturation value Is , the deformation rate will decrease 

exponentially with time and from equation (19), we get 

 
dn

dt
N N r v t t N vnd c i do c a a   2 exp ( )   ---(23) 

 As  N vn dn dta a  /  

The solution of above equation gives 

 

 
    n

N N r v

N v
t t N v t td c i do

a a
c a a c


    

2

 
 exp ( ) exp ( )

 

As N va a  , n may be written as 

 n
N N r v

N v
t td c i do

a a
c  

2


exp ( )           ------(24) 

 I
N N r v

N v
t td c i do

a a
c  

2


exp ( )          ------(25) 

The above equation shows that the ML intensity should 

decrease exponentially with a decay time controlled by the 

stress relaxation process. 

During the process of deformation some of the electrons 

reaching the conduction band may be transferred to the 

shallow traps which are not under the influence of the electric 

field of the moving charged dislocations. Later on, the 

thermo-stimulated luminescence may occur at room 

temperature and therefore, the delayed ML may appear in 

some crystals in their past deformation region and 

consequently two peaks may be observed in their ML 

kinetics[30]. 

Intense ML is observed in Mn doped ZnS crystals. It seems 

that the electrons in the conduction band attain sufficient 

kinetic energy for carrying impact excitation of Mn or other 

types of luminescence centers in II-VI compounds. It should 

be noted that for such activators the luminescence is not 

related to the recombination process, but it is related to the 

acceleration-collision process of the excitation of centers. 

COMPARISON BETWEEN THEORETICAL AND 

EXPERIMENTAL RESULTS 

The intensity of ML in the first process is given by equation 

(15) for   01.  , Na =1019 atoms cm-3 vi = 10-6cm, 

13s10  . V= 1cm3, and b   383 10 8.  cm, the 

ML intensity comes out to be 1017 photons s-1 cm-3, which is 

several orders of magnitude greater than the experimentally 

observed values 108-1012 photons 
31cms 

 (different for 

different types of crystals) [6,37]. The ML intensity from the 

second process is given by equation (22). For 

N cmc 
1013 3

, comes out to be 10 1010 11  photons 

s cm 1 3
, which is comparable with the experimental 

observations [37] 

Fig. 1 shows the intensity versus deformation time curve of a 

ZnS:Cu, Al crystal deformed at a strain rate of 10m / min
. The figure also shows the stress versus deformation time 

curve of the crystal. It is seen that the ML begins to appear 

during the plastic deformation of crystals that is from the 

point where the non-linearity starts in stress versus 

deformation time curve. It is also seen that initially the ML 

intensity increases with time and then it attains a saturation 

value. Finally when the cross head of deforming machine is 

stopped, the ML intensity decreases exponentially with time. 

Such results are expected from the expressions (15), (22) and 

(25). 

Fig. 3 and 4 shows that the ML spectra of impurity doped ZnS 

and ZnSe phosphors are similar to their PL spectra. Such 

results are expected from the theory of present investigation. 

Fig. 7 shows that the ML intensity initially increases with 

dopant concentration, attains an optimum value for a 

particular concentration and then decreases with further 

increase in the activator concentration. The initial increase of 

ML intensity with activator concentration is expected from 

equation (22). The decrease in ML intensity higher activator 

concentration may be attributed to the concentration 

quenching. 

Fig. 10 shows that the ML intensity increases with mass or 

volume of crystals. Such result is expected from equation 

(22). 

Fig. 15 shows that the ML intensity of ZnS:Cu, Al crystal 

decreases with increasing temperature. This is in accord with 

the theory developed in the present investigation. 

From equation (15) the difference in temperature dependence 

of photoluminescence and ML can be understood. For 

photoluminescence the temperature dependence comes mainly 

from , however, for the ML there is an additional factor ri , 

depending on temperature. It should be noted that as the 

charge on the dislocation decreases with temperature, the 

strength of electric field and consequently ri , should decrease 

with temperature. As such, there should be a faster decrease of 
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ML intensity with temperature as compared to that of the 

photoluminescence. Such results have been found 

experimentally[24] . 

Fig. 11 shows that the ML intensity increases with the 

increasing strain rate. This is also in accord with equation 

(22). 

When ZnS crystals are exposed to ultraviolet radiations, the 

ML intensity increases by 1.5 times. This may be due to the 

filling of empty traps by ultraviolet irradiation from where the 

electrons can be released during the mechanical. Deformation 

of the crystals and subsequent recombination of electrons with 

holes may thus cause an additional light emission. 

Intense ML is observed in Mn doped ZnS crystals. It seems 

that in the presence of electric field produced by moving 

charged dislocations the electrons in conduction band attain 

sufficient kinetic energy for carrying impact excitation of Mn 

centers in II-VI compounds. It should be noted that in such 

phosphors the luminescence is related to the excitation and 

emission from the activators. 

 

CONCLUSIONS 

The important conclusions drawn from the present 

investigations are as given below: 

(i) In II-VI compounds, the dislocation motion excites 

the electron trapped centers in the immediate vicinity of 

dislocation core, at a distance of the order of rint . The 

electrons tunnel into the conduction band, and then they 

recombine with the luminescence centers. It is found that the 

major contribution to the dislocation-stimulated ML in II-VI 

compounds is from the electrostatic interaction of charged 

dislocations with the field traps. 

(ii) The dependence of ML on various parameters, such 

as strain rate, mass or volume of crystal and activator 

concentration is shown by the following equation  

b

VrN2
I ic
s





 

According to the above equation, the ML intensity should 

increase with increasing strain rate  , volume of the crystal 

and also with the activator concentration Nc. 

(iii) When the crosshead is stopped the ML intensity should 

decay exponentially with time and follow the relation 

 I
N N r v

N v
t tc d i do

a a
c  

2


exp ( )  

This equation shows that the decay of ML intensity is 

controlled by the stress relaxation process. 

(iv) The ML intensity of II-VI compounds decreases with 

temperature. From equation (15), the difference in 

temperature dependence of photoluminescence and ML can be 

understood. For photoluminescence the temperature 

dependence comes mainly from  , however, for the ML 

excitation there is an additional factor ri  depending on 

temperature. It should be noted that as the charge on the 

dislocation decrease with temperature, the strength of electric 

field and consequently ri  should decreases with temperature. 

As such, there should be a faster decrease of ML intensity 

with temperature as compared to that of laser-stimulated 

luminescence. 
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