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20 x 80-xPhysical Properties of Pb -Ge -Se  Glasses 
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Abstract: Carrier type reversal is exhibited by PbGeSe glasses. Detailed Electrical, Thermal, and,

20 x 80-xspectroscopic studies has been carried out. Ph Ge Se  has been prepared by quenching from melt. It has

been characterized by X-Ray and Differential Scanning Calorimetry (DSC) to determine Tg “glass

transition”. Energy dispersive X-Ray analysis (EDAX) was performed on these glasses to confirm the

chemical compositions. The resistivity measurements were done as a function of Germanium concentration

at different temperatures. The relation between resistivity and temperature indicates two different activation

energies for various glass compositions. The Seebeck coefficients were calculated for all compositions and

the sign was changed indicating the change of carrier charge type from holes to electrons. The P 6 N

transition observed in such chalcogenide glasses has been exploited in preparation of a new and cheaper

class of p-n junctions. Many investigations have been done to understand the mechanism of the P 6 N

transition. 
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INTRODUCTION

Chalcogenide glasses have attracted much attention

in the field of electronics as well as infrared optics

since they exhibit several particular phenomena which

are applicable for devices such as electrical switches,

memory image storage and photoresistors . Vitreous[1 ,3]

chalcogenide semiconductors behave as p-type and are

insensitive to doping. The Fermi level is pinned near

the middle of the band gap . The pinning is apparently[4]

a consequence of a high density of intrinsic defects in

these materials. Mott suggested that in the chalcogenide

liquid each element can satisfy its valence demands

according the 8-N rule. That rule is valid for doping

elements and consequently, electrical and optical

parameters of doped chalcogenide are little changed.

The discovery of fascinating phenomenon of p 6 n

transition or the conduction – type reversal (CTR)

observed first in bismuth germanium chalcgenide

glasses  led to further extensive research on these[5 ,6]

materials. There is a vast scope for technological

exploitation of the phenomenon of p 6  n transition in

chalcogenide glasses such as preparation of a new class

of p6n Junctions . Tohge and co-workers  also[7] [8 ,9]

studied the effect of pb and TI doping in chalcogenide

glasses. They observed that Pb atoms reverse the

conduction type while thallium atoms increase the

contribution of electrons to the electrical conduction but

no reverse of conduction occur. There has been many

investigations  to understand the mechanism of[10 ,1 3 ]

conduction type reversal and a number of structural and

electronic models have been proposed. For example (i)

the observed “doping effect” in the Bi-glasses has been

ascribed to an alteration of the equilibrium between the

1charged defect pairs (C  and C3 ) since Bi can be- +

considered as entering the glassy network as a charged

impurity (unpinning of the Fermi level) [5] (ii) the p6n

transition has been ascribed to an inhomogeneous

(percolation) transport mechanism  through the phase-[8]

3separated BiX  (x = chalcogen) type of submicroscopic

clusters . (iii) CTR is considered to be highly[14 ,15]

influenced by the polarizability of the Bi atoms while

the coordination of Bi is assumed to be 3 . Efforts[16]

made to understand CTR led to the discovery of other

glasses exhibit CTR phenomenon and these are lead-

germanium-selenium . Carrier type reversal has been[8]

20observed in two series of glass composition viz Pb

y 80-y x 42 -x 58Ge  Se  and Pb  Ge  Se  glasses. Lead-germanium

chalcogenide glasses are photo conducting and exhibit

ambipolar conduction . Indeed only very little[17 ,18]

information is presently available on the structure and

transport properties of these glasses . In fact one of[19 ,20]

the important aspects to be addressed in this context is

the uniqueness of the role of Pb or Bi in Ge-Se

glasses, the presence of which leads to CTR behavior.

If  the  p6n  transition is of purely structural

origin  it  may not be a necessity to associate CTR

with unpinning of the fermi level. Electrical, thermal

20 80-yand spectroscopic investigations on Pb  Gey Se

glasses  has  been  performed  to  arrive at a

consistent  description  of  the glass properties and

CTR phenomenon. 
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MATERIALS AND METHODS

20 80yBulk Pb  Gey Se  glasses prepared by melt

quenching process. Calculated quantities of high purity

(99.999%) constituents (Pb, Ge and Se) were taken

together in silica ampoules and sealed under vacuum.

The ampoules were heated to 1273 K for 24 hours.

The ampoules were quenched in ice water. 

X Ray diffraction were used to confirm the

amorphous nature of the samples. Resistivities of thin

films  were  measured by specially designed circuit.

The contacts were ohmic using Ag electrodes. Thermo

electric powers (s) of the samples was determined

using a home built a apparatus which consists of a

copper sample holder, nichrome coil gradient heater,

and akeithley electrometer [6517A]. O ptica l

t r a n sm is s i o n  s p e c t r a  w e r e  r e c o r d e d  u s in g

spectrophotometer (model: Jasco V-570). 

RESULTS AND DISCUSSIONS

Optical Absorption: The variation of the coefficient of

absorption, á, The absorbance of amorphous films are

plotted against photon energy  (Fig. 1) and Fig. (2).

The appearance of the exponential or Urbach’s tail in

the absorption a is common with amorphous materials,

particularly with the chalcogenides . In order to[21]

determine the direct and indirect transitions , the data

were plotted in accordance with the relations :

0 gá  =  á     (hí-E ) ......…………………………….(1)1/2

0 g á  =  á     (hí-E’ ) ......…………………………….(2)2

g gwhere: E  and E’  are fobidden band widths for direct

and indirect transitions respectively.

g gThe difference in E and E’  indicates that the

conduction and the valence band edges are not located

at the same K-space. The increase of the Ge-

20 y 80-yconcentration in the Pb Ge Se  amorphous alloy

leads to an increase in the energy gap.

Structure: Amorphous films evaporated shows electron

diffraction  haloes  structure  then  heating  by

electron irradiation initiates localized crystallization.

The crystallization appears to be triggered by the

electric field set up by the charge gradient on

amorphous film. Once triggered, the heat released on

crystallization accelerates the transformation process as

shown in plate 1 and plate 2.

Thermoelectric Power: The temperature dependence of

20 80-yseebeck coefficient, S, for the films of Pb  GeySe

system was investigated.  

S: could be expressed in the following form: 

sS = + k/e (E  / KT + A) 

Where e is the electronic charge, K boltzman

constant, Es activation energy for thermoelectric power.

The positive and negative signs represent p-type and n-

type semiconductions. The seebeck coefficient changes

20 y 80-yfrom positive to negative values in Pb  Ge  Se

when y = 10, and, 20 indicating the conduction

changes from p-type to n-type. An important issue

addressed in this paper is this transition in the nature

of the dominant charge carriers in the Pb-Ge-Se

glasses. In a large number of chalcogenide glasses the

signs of the Seebeck coefficient is positive indicating

that “holes” are the majority charge carriers. It is also

known that chalcogenide are characterized by the

3presence of charged defect pairs of the type C  and+

1C  where C is identically the chalcogen and is Se in+

the present case. The subscript to C represents the

number of covalent bonds by which Se is connected to

other atoms and superscript is the formal charge on the

3selenium. W e may consider the over-coordinated Se+

as a hole-bearing atom (because in reality the dative

bond of Se decreases effectively the actual number of

electrons in its valence shell by unity as a consequence

of sharing with the atom to which it is bonded).

Therefore, hole current in these glassy chalcogenides

3can  be thought of the motion of these C  centers.+

This motion occurs in a fairly facile manner through a

2bond-switching mechanism utilizing the nearby C

1centers .  Transferring C  centers, on the other hand,[22] -

in the glassy matrix is not considered as facile. This in

general leads to ap-type conduction although in reality

transport in chalcogenide glasses is ambipolar.

3Suppression of the concentration of C  centers and+

1enhancement of C  can be considered as origin of-

charge carrier type reversal. This approach is not

enough, many experiments must be done to ensure its

origin.

20 y 80-y Electrical Resistivity: Glasses of Pb  Ge  Se system

show thermally activated electrical conduction as

shown in Fig. [4].

In chalcogenide glasses; however, introducing

impurity atoms easily take the configurations to satisfy

their valences, because of the structural flexibility

inherent to disorder materials so that they hardly act as

active centers, it has been assume that Ge and Se

atoms bond with four and two other atoms, respectively

and that heterobonds  such as Ge-Se are formed more

favourably  than  homobonds  such as Ge-Ge and Se-

Se  when  the  both  types  of  bonds are possible.

The  concentration  of  Ge-Se  bonds  increases with
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20 10 70Fig. 1: Variation of absorbance for Pb Ge Se  where (a) is á  vs. hí  & and, (b) isá  vs. hí The value of2 1/2

g gE =2.15 eV. And E' =1.44eV. 
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20 20 60Fig. 2: Variation of absorbance for Pb Ge Se  where (a) is á  vs. hí  & and, (b) isá  vs. hí from the graph1/2 2

g gwe get of E =2.25 eV. And E' =1.53eV. 
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20 20 60 20 10 70Fig. 3: Variation of Seebeck coefficient with temperature (a) for Pb Ge Se  and(b) for Pb Ge Se  .
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Plate: 1 Plate: 2

20 10 70Plate 1: Transmission Electron Microscope Micrograph for Pb Ge Se .

20 10 70Plate 2: Transmission Electron Diffraction for crystalline Pb Ge Se .

20 y 80Fig. 4: Shows the variation of R/R0 vs. 1000/T('K ) for the thin film alloys Pb Ge Se -y for y = 10 and y =20.-1

increasing (y) . On the other hand the concentration of

Se-Se bonds decreases. The change in conduction type

in this series can therefore be ascribed to the

disappearence of Se-Se bonds as well as the appeaence

of Ge-Ge bonds, since the concentration of Pb-Se ionic

bonds is kept constant in this composition range.

However, further studies will give a clue to understand

the mechanism of the change in conduction type.
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