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ABSTRACT 

Mn doped KBr crystals are prepared by melt growth using a cost effective 

mini crystal growth setup and its characterization is done by X-ray diffraction. 

Diffused Reflectance Spectroscopy (DRS) gives the optical band gap of KBr crystal 

as 5.05 eV. The photoelectronic properties of the undoped and Mn doped KBr crystals 

are carried out and noticed that they are very much influenced by the presence of 

defects in the original crystal lattice. Photoconductivity (PC) and Photovoltaic (PV) 

studies of the material as a function of intensity of irradiation light and annealing 

temperature are studied. Photoluminescence (PL) spectra of KBr crystals are recorded 

at different annealing temperatures and concentrations of Mn. When the KBr crystals 

were excited at λexc = 301nm a strong luminescence at λem = 357 nm is appeared. The 

broad peak observed around 357 nm corresponds to the 1S0→ 3P2         transition of Br. 

Shoulder at 334 nm is originated because of the presence of some foreign elements or 

defects in the host lattice, which produces certain impurity site or centres during the 

preparation. Shoulder at 334 nm is disappeared due to increase in crystallanity of the 

material on annealing.  AC/DC Electro luminescence (EL) is measured with the help 

of a Photomultiplier tube (PMT) and its EL brightness is measured as a function of the 

voltage of excitation at different annealing temperatures and concentrations of Mn.  

 

KEYWORDS:   X-Ray Diffraction, Electro Optical Properties 

 

I. INTRODUCTION 

Due to the practical applications of the crystals the subject of crystal growth 

has advanced greatly in the last few decades.   The most common methods of crystal 

growth are solution growth [1] and melt growth [2]. In practice, all materials can be 

grown in single crystal from the melt; provided they melt congruently, they do not 
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decompose before melting and they do not undergo a phase transition between the 

melting point and the room temperature. Among the normal freezing methods, 

Bridgeman technique is one of the oldest methods for growing crystals and produces 

nucleation on a single solid-liquid interface by carrying out the crystallization in a 

temperature gradient. Many of the technically important crystals are obtained by this 

method. The principle is that a melt of the correct composition of the substance is 

slowly cooled form above the equilibrium melting point to produce the crystal 

desired. Melt crystallization is often considered to be commercially attractive since it 

offers the potential for low energy separation compared with distillation, because 

latent heats of fusion are generally much lower than latent heats of vaporization [3].   

Because of their simple cubic structure the alkali halide have played a very important 

role in the development of Solid State Physics and it appears that there is still much to 

be learned from experiments done on them. Europium doped alkali halide single 

crystals have been the subject of very intensive investigation due to its applications in 

digital medical radiography, optical memories and environmental dosimetry [4]. Solid 

State Physics is devoted largely to the study of crystals and electrons in the crystals [5]. 

 The present paper proposes the studies of the electro-optical properties of 

melt grown KBr crystals. Wide band gap compounds are especially promising for 

light emitting devices in the short wavelength region of visible light.   KBr lattice is 

fcc; the basis consists of one K atom and one Br atom separated by one half the body 

diagonal of a unit cube. There are four units of KBr in each unit cube. The structure of 

KBr crystal is cubic with lattice parameters of a = b = c = 6.60050Å (JCPDS – CAS: 

7758-02-3). The inter ionic separation of pure KBr crystal is  3.300 Å [6]. 

II. EXPERIMENTAL 

Growth from the melt is by far the fastest of the growth methods, as its rate 

does not depend on mass transport processes [7]. KBr crystals are prepared by melt 

growth using a cost effective mini crystal growth setup. They were grown by a variant 

of the Bridgeman method (Gradient Freeze Method) from the melt of A.R. Grade KBr 

powder from CDH using a mini furnace (Toshniwal, India 1000oC). The selection of 

particular method depends on the volatility, dissociability, chemical reactivity and 

melting point of the material [8].  The given mass of KBr powder to be crystallized is 

taken in a small crucible. The temperature of the furnace is raised till the substance 

melts (melting point of KBr ~ 734oC) and the furnace is left to itself for an hour. Then 

the molten material is allowed to cool very slowly to room temperature at a cooling 
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rate of 50 oC/ hour. The temperature of the furnace is measured with a Thermocouple 

and a Pyrometer. At the end of the cooling several crystals are cleaved out. This 

method has the merits of simplicity and low cost and requires a reasonably short time 

for growing crystals. Melt crystallization is the common term applied to the controlled 

cooling crystallization and the separation of such systems with the objective of 

producing one or more of the components in relatively pure form [3].  

Mn doped KBr crystals were prepared by changing the concentration (from 1 

wt % to 4 wt % ) of AR grade  MnCl2.4H2O  (from CDH)  in KBr. Transparent 

conducting Oxide (TCO) thin films are essential for the conduct of PC, PV and EL 

experiments. We have prepared such SnO2 thin films in the laboratory by a Cost 

Effective Vapour Deposition Technique. PC/PV/EL Cells are prepared by pressing 

KBr crystal between SnO2 thin films of Resistance ~ 150Ω/cm-2 and a copper plate at 

a gap of 100μm for a given area.  

III. RESULTS AND DISCUSSION 

      III.1. STRUCTURAL PROPERTIES  

Structure of the KBr crystals were studied by taking XRD using Cu Kα (λ = 

0.154056nm) radiation from Bruker, D8 Advance, Germany and were compared with 

JCPDS data card. The XRD pattern of KBr crystal with d and (hkl) values is shown in 

Fig {1}. which reveals a crystalline nature oriented along the (200) and (220) planes 

at 2θ =27.073o and 38.600o respectively. The presence of other orientations such as 

(111), (311), (222), (400), (420) and (422) was also detected at 2θ = 23.311o, 45.525o, 

47.723o, 55.692o, 62.930o   and 69.857o respectively with lower intensities.    

On Mn doping no extra peaks corresponding to them or their compounds were 

detected but the intensity of the prominent peaks were decreased. On increasing the 

concentration of the dopant, the intensities of the peaks were further decreased due to 

the decrease in the atomic density in these planes. Increase in dopant concentration 

leads to the movement of Mn2+ ions to the interstitial sites and also increases the 

amorphous phase and disorders.  
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FIG.1. XRD pattern of Mn doped KBr crystal. 
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FIG.2 DRS spectrum of KBr crystals. 

 

 

III.2 BAND GAP (EG) - DIFFUSED REFLECTANCE SPECTROSCOPY 

It is measured from Diffused Reflectance Spectroscopy (DRS taken with Jasco 

– V570 Indonesia).  Eg is found by extrapolating the straight line in the following 

graph (Fig {2}) at k = 0. where k is the absorption coefficient and s is the scattering 

coefficient and is found to be  5.05 eV. Diffused Reflectance Spectrogram with % of 

R versus wavelength λ is given inside Fig {2}(inside). 
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III.3 PHOTO CONDUCTIVITY (PC) & PHOTO VOLTAIC (PV) EFFECTS 

 

PC is the increase in the electrical conductivity of the material because of 

additional carriers created due to optical absorption. The study of PC of semi 

conducting materials has gained industrial importance owing to its use in PV devices 

[9]. PV effect is involved, when absorption of radiation by a material causes the 

appearance of a p.d. between the two portions of the material.  Like many forms of 

PC, the PV effect is essentially a minority carrier phenomenon [10].   
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FIG.3. PC of KBr crystals with temperature & at different concentrations of the dopant (inside). 

PC & PV studies of KBr crystals were performed by using a 100W milky 

lamp as excitation source. The photocurrent was recorded by a digital nano ammeter, 

model DNM-121 (Scientific equipment, Roorkee, India) and the photo voltage was 

recorded by a digital micro voltmeter, model DNM-001  (Scientific equipment, 

Roorkee, India).  
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FIG.4. PV of KBr crystals with temperature & at different concentrations of the 

dopant (inside) 

  The imperfection in the crystal lattice sometimes results in as traps or as 

recombination centers.  The samples are annealed up to 250oC with the help of an 

electric Furnace.  PC (Fig {3}) & PV (Fig {4}) increases as annealing temperature 

increases and becomes maximum at 50 o C and then decreases. The main purpose of 

annealing is to increase the crystallanity of the KBr crystals, which produces an 

increment in photosensitivity. Increase in PC & PV with temperature up to 50oC can 

be explained also on the basis of impurity effect in the material. Imperfections acting 

as efficient recombination centers decrease the photosensitivity. Also imperfections 

having high probability for capturing the minority carriers with subsequent small 

probability for capturing a majority carrier increase the photosensitivity. The decrease 

in PC & PV beyond 50oC is due to the increase in the amorphous phase and disorders 

and also due to the recombination of electrons which are thermally freed from traps 

with photo excited holes held at centers as in quenching effects reported [11]. Fig 

{3}(inside) shows the variation of the maximum value of photocurrent with 

concentration of the dopant Mn.  As the concentration increases the charge carriers 

also increases and it is observed that PC increases and reaches maximum at 2 wt % 

concentration of Mn.  At this concentration the charge concentration seems to be 

optimum for better PC. PC is found to be decreased on further increase in the 
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concentration of Mn. It is because of the chance of more carrier collision probability 

during charge transport due to concentration quenching. 

  Fig {4}(inside) depicts the variation of the maximum photo voltage with 

concentration of the dopant Mn and it is observed that PV is maximum at 2 wt % 

concentration of Mn.  At this concentration the number density of charge carriers may 

be   maximum and hence the charge separation may be more in number compared to 

other cases, giving rise to higher PV. Photo-electronic properties of the prepared 

crystals are very much influenced by the presence of defects in the original crystal 

lattice. PV increases on increasing the concentration of Mn and becomes maximum at 

2 wt % concentration and decreases on further increasing the dopant concentration. 

Decrease of PV on increasing dopant concentration may be attributed to increase in 

amorphous phase and concentration quenching consequent to doping.   

 It is found that maximum value of photocurrent increases with increasing 

intensity of excitation (Fig {5}) and also with increase in applied voltage (Fig 

{5}(inside)). More and more charge carriers reach at the respective electrodes and the 

photocurrent increases with the increase in intensity and applied voltage. The non-

linearity in Figs {5 & 5 (inside)} represents the dependence of maximum value of 

photocurrent (secondary photocurrent) on the intensity of excitation and 
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FIG.5. PC of KBr crystals at different intensities of light & with applied voltage 
(inside). 
 

 



JIARM VOLUME 1           ISSUE 4             (MAY 2013)       ISSN : 2320 – 5083 
 

200 
www.jiarm.com 

0 2 4 6 8 10 12
-10

0

10

20

30

40

50

60

70

40 60 80 100 120 140 160
40

50

60

70

80

90

Ph
ot

o 
Vo

lta
ge

  (
mV

)
Intensity (mW/cm2)

Ph
ot

o 
Vo

lta
ge

  (
m

V)

Time(mins.)

 

FIG.6. PV of KBr crystals with respect to time & at different intensities of light 

(inside). Applied voltage Photosensitivity increases as the electron lifetime increases 

giving rise to super linear PC.  

A representative plot of the time dependence of Photo voltage of the sample at 

100oC is shown in Fig {6}. Maximum value of the photo voltage also increases with 

increasing intensity of excitation (Fig {6}(inside)). With the increase in intensity 

more and more charge carriers are separated at the respective electrodes and hence the 

photo voltage increases.  

III.4. PHOTOLUMINESCENCE (PL) 

It is the spontaneous emission of light from a material under optical excitation. PL 

investigations can be used to characterize a variety of material parameter. PL 

Spectroscopy provides electrical characterization and it is a selective and extremely 

sensitive probe of discrete electronic state [12]. The fundamental limitation of PL 

analysis is its reliance on radiative events. It is difficult to study materials with poor 

radiative efficiency, such as low quality indirect band gap materials, using ordinary 

PL.  PL spectra is recorded by a Flourimeter (Jobin Yvon Flouromax – 3 USA) (Fig. 

5). PL Excitation spectra and emission spectra were obtained by changing the 

excitation wavelength under a fixed emission wavelength and vice versa. The highest 

resolution used were 0.1nm for excitation and 0.3nm for the emission.  When excited 

with λex = 301 nm the KBr crystal phosphors show a broad emission band which is 

observed at λem = 357 nm. The broad peak observed around 357 nm corresponds to 

the 1S0→ 3P2   transition of Br.  Shoulder at 334 nm is originated because of the 

presence of some foreign elements or defects in the host lattice, which produces 
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certain impurity site or centres during the preparation. The Luminescent properties of 

the undoped and Mn doped KBr crystals are very much influenced by the presence of 

defects in the original crystal lattice. The imperfection in the crystal lattice sometimes 

results in as traps or as recombination centers. Luminescent centers forms at the 

cracks, voids, dislocations and stacking faults. These defects provide sites for the 

precipitation of 
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FIG.7. PL emission (λem = 357 nm with λexc = 301nm) spectra of KBr crystals at 

different concentrations of the dopant (Mn). 
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FIG.8.  PL emission spectra of KBr  crystals at different annealing temperatures. 
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the excess carriers if it is produced. The luminescent emission is usually originated 

because of presence of some foreign elements or defects in the host lattice, which 

produces certain impurity site or centers during the preparation. The normal 

luminescent bands are attributed to interaction between emission centers and the host 

crystal lattice [13]. Thus the luminescent emission depends upon the nature of the 

activator and its concentration in the host lattice. Luminescent centers forms at the 

cracks, voids, dislocations and stacking faults within the crystal. These defects 

provide sites for the precipitation of the excess carriers if it is produced. At higher 

concentration the activator atoms destroy the matrix, which results in quenching of 

emission [14]. The presence of traps also influences the PL emission. The emission 

may be delayed due to their presence [15]. PL emission spectrum of KBr 

photoluminor doped with Mn is given in Fig {7}.  The peak positions are not much 

affected which may be due to the fact that the energy levels of these additives lie at 

the same level. PL intensity decreases with increasing Mn concentration due to 

concentration quenching. 

Shoulder at 334 nm is disappeared due to increase in crystallanity of the material on 

annealing. PL intensity increases with increasing annealing temperature and reaches 

maximum at 500C then decreases on increasing annealing temperature Fig {8}. The 

main purpose of annealing is to increase the crystallanity of the KBr photoluminor. 

Increase in PL intensity with temperature up to 50oC  can be explained on the basis of 

impurity effect in the material. Imperfections acting as efficient recombination centers 

decrease the photosensitivity. Also imperfections having high probability for 

capturing the minority carriers with subsequent small probability for capturing a 

majority carrier increase the photosensitivity. The decrease in PL intensity beyond 

50oC is due to the increase in the amorphous phase and disorders and also due to the 

recombination of electrons which are thermally freed from traps with photo excited 

holes held at centers as in quenching effects reported [15].  

III.5. ELECTRO LUMINESCENCE (EL) 

Electro luminescence is the phenomenon in which electrical energy is 

converted directly into electromagnetic energy in the visible region of the spectrum. 

In this process heating does not play an essential part and an electro luminescent 

device is not designed to operate at an incandescent temperature.   The observation of 

EL was first reported by Round [16] of the Marcony Company when working with 
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SiC crystals for the detection of radio waves. But the phenomenon of EL was 

originally discovered by Lossew [17-19]. This effect in inorganic phosphors was first 

observed by Destriau [20-22]. Organic EL observed for the first time by Bernanose 

and co-workers [23,24] has long been of interest from a basic research point of view 

because of the insights that can be gleaned regarding the electronic processes in solids 

bonded by weak Van der Waals interactions [25]. There is a growing interest in 

organic EL. A great deal of progress has been made recently in improving the 

performances of various classes of organic EL devices. 

The experimental AC/DC powder EL cells used for the present investigation is 

essentially a parallel plate condenser with the KBr powder between the transparent 

conducting SnO2 films and copper plate with no binder for enhancing the dielectric 

strength. The EL Brightness as a function of applied AC & DC voltage (0-1500 V 

ac/dc power supply) was measured with a Photo multiplier tube (PMT) (RCA 931A). 

The light emitted from the EL cell on application of suitable voltage was detected by 

the PMT and the corresponding photocurrent is measured with the help of a digital 

nanoammeter. 

III.5.1 AC ELECTRO LUMINESCENCE 

Luminescent centers formed at the cracks, voids, dislocations and stacking 

faults provide sites for the precipitation of the excess carriers if it is produced. 

Electrons and holes are injected into the host material from both the electrodes and 

also from the defects on the application of the field. The electrons from the donor 

centers or from the intrinsic electron traps are freed by the electric field and they enter 

the conduction band, where they are accelerated by the positive half cycle of the field 

until they gain sufficient kinetic energy to ionize or excite activator centers by the 

elastic impact. In the reverse half cycle of the field these electrons recombine with the 

luminescence centers with emission of characteristic radiation. This mechanism 

corresponds to the impact ionization of the activator centers [22, 26-28]. If the next 

pulse is of the same polarity as the preceding one, the system is already partially 

polarized, so that the light out put is necessarily reduced, since not only is the internal 

electric field lower, but there are now fewer electrons trapped at the defects. The 

justification for this argument is that light was observed to be emitted locally in the 

form of comet. The light from a single appears in double comet lines, each half of 

which lights up alternately, as the field is reversed and the nearer electrode turns 
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positive.  The integrated light intensity of large number of comets of different length 

is accurately given by the expression [26, 29-31]  

0.05 0.06 0.07 0.08 0.09 0.10

 
Lo

g 
(B

) (
A

rb
. U

ni
ts

)

1/V1/2 (volts-1)

 

Fig 9. Plot of Log(B) Vs. V-1/2  of KBr  crystals. 
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FIG.10. ACEL  of KBr  crystals at different concentrations of the dopant (Mn). 

B= A exp (-C/V1/2)  (1) 

over many orders of magnitude of luminance. Where A and C are constants 

independent of the voltage. The constant A more or less describes the source of 

charge carriers responsible for the excitation process while C is a complex quantity 

which relates to the local field intensity. This relationship follows the normal law over 

many   decades of EL brightness. This expresses that the mechanism of excitation is 

acceleration- collision one. Log (B) [Brightness] versus V-1/2 (applied AC voltage), 
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of KBr electroluminor   is given in Fig. {9}. Linearity of the plots holds the above 

relation. 
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FIG.12. ACEL of KBr crystals at different annealing temperature. 

AC EL Brightness as a function of applied AC voltage of KBr electroluminor 

at different concentrations (1wt % to 4 wt %) of the dopant (Mn) is given in Fig {10}. 

EL intensity increases with increasing Mn concentration and reaches maximum at 1wt 

% then decreases on increasing concentration due to concentration quenching. AC EL 

intensity of KBr electroluminor at different annealing temperatures is given in Fig 

{11}.  EL intensity increases with increasing annealing temperature (crystallanity 

increases) and reaches maximum at 500C then decreases on increasing annealing 

temperature due to the increase in the amorphous phase and disorders. The overall AC 

EL emission of KBr electroluminor is bluish one because the intensities of longer 

wavelengths are poor if they are present. 

III.5.2 DC ELECTRO LUMINESCENCE 

 DCEL powder panels have become reasonably successful as displays. An 

efficient DC powder EL device was first reported by A. Vecht [32]. Two essential 

features of any DC EL panel are that the phosphor particles are in contact with each 

other and with the electrodes. On the initial application of a DC voltage, a high 

current flows and no light is observed. This is because the high conductivity of the 

phosphor surface and the inter particle contacts precludes any current flow   
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FIG.11.  DCEL of KBr  crystals at different concentrations of the dopant (Mn). 
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FIG.13. DCEL  of KBr crystals at different annealing temperature. 

through the particles themselves. At a critical power density the current falls and light 

emission appears at the positive electrode. An increase in applied voltage produces a 

temporary rise in current density but this falls rapidly and the panel brightness 

increases. This is termed as forming process. To form the device a ramped DC voltage 

is applied with the copper electrode negative. At first the current increases with 

increasing voltage and no light is emitted, until the current begins to decrease at a 

particular voltage when the emission of visible light begins. This initial phase of 

forming is accompanied by a reduction in current by 3 to 100 times depending on the 
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pre-treatment of the powder. Continued increase of the voltage leads to a further 

increase in resistance of the panel. Practically all the applied voltage is then dropped 

across the formed region and EL emission is obtained from the formed layer.  

  DC EL Brightness as a function of applied DC voltage of KBr electroluminor 

at different concentrations of the dopant (Mn) is given in Fig  {12}. EL intensity 

increases with increasing Mn concentration and reaches maximum at 1 wt % then 

decreases on increasing concentration due to concentration quenching. DC EL 

intensities of KBr electroluminor at different annealing temperatures are given in Fig 

{13}. EL intensity increases with increasing annealing temperature (crystallanity 

increases) and reaches maximum at 500C then decreases on increasing annealing 

temperature due to the increase in the amorphous phase and disorders. The overall DC 

EL emission of KBr electruluminor is also bluish one because the intensities of longer 

wavelength are poor if they are present. 

 IV. CONCLUSION 

In this paper we have attempted to present the structural, optical and 

photoelectronic properties of Mn doped KBr Crystals Prepared by a Cost Effective 

Melt Growth Method. The XRD analysis shows crystalline nature of KBr crystals. On 

Mn doping no extra peaks corresponding to them or their compounds were detected 

but the intensity of the prominent peaks were decreased. On increasing the 

concentration of the dopant, the intensities of the peaks were further decreased due to 

the decrease in the atomic density in these planes. Increase in dopant concentration 

leads to the movement of Mn2+ ions to the interstitial sites and also increases the 

amorphous phase and disorders. The band gap is found to be 5.05 eV from DRS.  

Photoconductivity and Photovoltaic studies reveals that the material is more 

photosensitive at 500C and it is observed that PC & PV is maximum at 1 wt % 

concentration of Mn. The Photoluminescence emission is observed at λem =  357 nm 

with λex = 301nm. The broad peak observed around 357 nm corresponds to the 1S0→ 

3P2   transition of Br. The emission peak intensity reveals that this material could be 

used as a good scintillator phosphor. Shoulder at 334 nm is originated because of the 

presence of some foreign elements or defects in the host lattice, which produces 

certain impurity site or centres during the preparation.  
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Shoulder at 334 nm is disappeared due to increase in crystallanity of the material on 

annealing. PL intensity increases with increasing annealing temperature and reaches 

maximum at 500C then decreases on increasing annealing temperature. The 

luminescent emission is originally originated because of the presence of some foreign 

elements or defects in the host lattice, which produces certain impurity site or centres 

during the preparation.  On doping the peak positions are not much affected which 

may be due to the fact that the energy levels of these additives lie at the same level of 

KBr photoluminor. PL intensity decreases with increasing Mn concentration due to 

concentration quenching.  

Electro luminescence Brightness increases with the applied electric field. 

Linearity of the graph Log (B) [Brightness] versus V-1/2 (applied AC voltage), of 

KBr electroluminor   reveals that the mechanism of excitation is acceleration- 

collision one. AC & DC EL intensity of KBr electroluminor increases with increasing 

Mn concentration and reaches maximum at 1wt % then decreases on increasing 

concentration due to concentration quenching. AC & DC EL intensity increases with 

increasing annealing temperature (crystallanity increases) and reaches maximum at 

500C then decreases on increasing annealing temperature due to the increase in the 

amorphous phase and disorders. The overall AC EL emission of KBr electroluminor 

is bluish one because the intensities of longer wavelengths are poor if they are 

present. 

 We were not able to record the EL spectra because of the low brightness intensity. A 

disadvantage of PC/PV/EL measurement is the need for good electrical contacts. But 

in PL studies sample is excited optically, so electrical contacts and junctions are 

unnecessary. The fundamental limitation of PL analysis is its reliance on radiative 

events. One of the major problems in powder EL devices is the higher driving voltage, 

which causes spark thereby spoiling the EL cell. EL is very old and well-advanced 

subject, but it still requires further improvement to enable one to use it for practical 

applications.  
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