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Abstract

Abstract
Chalcogenide glasses are attracting materials due to their
application in solid state devices. Among these chalcogenide
glasses there is the germanium — selenium — tellurium system is
one of the most important compounds. Hence the study of these
materials continues till the present time. Different bulk GeSe ,Te,
samples (x = : . and ) wereprepared usingice
— water melting quenching technique under vacuumof = Torr.
X-ray diffraction analysis, XRD confirmed the amorphous
structure of the prepared bulk ingot materials. Differential thermal
analysis, DTA data was carried out of GeSe Te ingot material
with different heating rates ( and K/ min). The glass
temperature, T, the onset crystallization temperature, T. the
maximum crystallization temperature, T, and the melting
temperature T,, were determined from the DTA curves. The
activation energy of the glass transition, Ej; and that for
crystallization, E;, were determined by three different methods.
The prepared ingot bulk materials were used for depositing GeSe .
« 1€ thin films, fixing the film thickness and the other deposition
parameters. Thermal evaporation technique under vacuum of ~ ~°
torr was used. Films thickness and deposition rate were
determined using quartz crystal thickness monitor, connected to
the used Edwards E- coating unit. X-ray diffraction, XRD, and
energy dispersion X-ray analysis, EDAX, were carried out. The




Abstract

amorphous structure of the prepared films was confirmed by
XRD. The atomic percentage of the constituent elements Ge, Se
and Te were identified from the EDAX. Optical transmission
curves were obtained for al the prepared GeSe ,Te, thin films
(x= : : and ). The envelope method was used for
the analysis of the optical data. The absorption coefficient and,
consequently the optical energy gap were determined It is found
that there are allowed direct and indirect transitions. The
refraction coefficient, n, the extinction coefficient, k, the real and
imaginary parts of the dielectric constant ¢,, &; were determined in
thewavelengthrange - nm. The dependences of both the
allowed direct and indirect energy gaps and the width of the tail
states upon film composition were studied.. The variation of both
the electrical conductivity and the thermoelectric power with
temperature were investigated in the temperature range -

K. The conduction mechanism in these films were suggested from
the conductivity — temperature curves. Both the conduction and
the thermoelectric activation energies were determined from their
variation with temperature. The relationships between the
conduction and thermoel ectric activation energies as a function of
film composition were also studied. The variation of the density of
charge carriers with temperature was obtained from the
thermoelectric power variation with temperature. The a.c.

photoconductivity at room temperature was studied for these films




Abstract

using a tungsten lamp for illumination and a chopped light. The
frequency dependence method of photoconductivity was used for
this study, the life time (response time) was determined from such
measurements. The variations of both the steady - state
photoconductivity and the response time with film composition
were studied.




Contents

Page
List of Figures i
List of Tables Vi
Acknowledgement Viii
Abstract )
| ntroduction ¢
Chapter Y: Survey and Theoretical Background
Y,) Some Chemical and Physical Constants ....................... °
V.Y Density of States Distribution in Ge-Se-Te System 1
VY Previous Work oo A
V,¥.) Electrical properties .........ccoooveiiiiiiiiiiiiiiiinan.n.
V)
V,¥.¥ Thermoelectric Power
..................................... ‘¥
V.Y.Y Hysterisis Behaviour of Electrical Conductivity ...... Vo
V.Y.¢€ A.C. Photoconductivity ............ccoevviiiiiniininninn
V1
V.€ Theoretical Background ................ccoiiiiiii ..,
Vv
V.£.) Phase Diagramof Ge-Se-Te ........cooovviiiiiiiiiiin... Vv
V.£.Y Photoconductivity ..o YA



V.£.Y,) Photoconductivty in Semiconductors ............

YA
V.£.Y.Y Life Time of Non-Equilibrium Carriers .........
YY
V.£.Y.Y Relaxation of Non-Equilbrium Conductivity ... Y¢
V.£.Y.¢ Linear Recombination ...................cooeeenan. Yo
V.£.Y.2 Process of Generation of Non-Equilibrium
CalTIEIS ot Yy
V.o The Optical Properties...........ccooiiiiiiiiiiiiii . YA

V.2.) Penetration Depth 6 and Attenuation Coefficient a
YA

V.2.Y Physical Significance of the Optical Constantsnand k Y1
V.2.Y TheDielectricConstants ...................coeoveee.

V.o.¢ Interpretation of Optical Propertiesin terms of

Simplified Electron Band Structure ............... AR
V.0.2 Definition of Tauc Optical gap (Er) ....covvvevvennnnenn. vy
V.27 The Transmission and Reflection Factors................. YA
V.7 Relevant Studies of Ge-Se-Te Semiconductors
£

Chapter Y: Experimental Techniques

Y,) SamplesPreparation...........ccoovviiiiiiii &A
Y,).Y Preparation of Bulk Samples.............................. £A



Y,),Y Preparation of Thin

Y,Y Thickness

Measurements. ...........covveeiiiiiiiiineea, )
Y,Y,) The Quartz Crystal Thickness Monitor

Technique......oY

Y,Y,Y The Interferometric

Y,¢ DC Conductivity
Measurements...........ccovevieiieeiinnnnnn. A
Y, Thermoel ectric Power Measurements........................... 1y
Y,T A.C PhotoconductiVity..........ccoooviiiiiiiieee 1y
Y,Y The Optical
Measurements..........c.covveieiiiinieeiennnnn. Al

Y,V,) The Transmittance T(A) at Normal Light
Incidence...V¢

Y,V,Y The Reflectance R (1) at Normal light

Incidence...... s



Chapter ¥: Resultsand Discussion

¥,) Results of GeSe\ Te, Bulk Samples........................... va
¥,),) X-Ray Diffraction...........ccooiiiiiiiiiien va
¥,),Y Differential Thermal Analysis

¥,Y,\ Structural

Investigations..............ccoiiiiiiiiiiiiia, 0
V.Y,Y The Optical properties.........ccccovvieiiiiiiiiiiiiian. . ay
Y.Y.Y Electrical conductivity................oooiiiiiiil . Vot

¥.Y.¢ Thermoelectric

Chapter £: Conclusion
CoNClUSION. ... YYv

REf O ONCES. ..o yY4

Thesis Arabic Summary



List of Figures

Fig. (Y,") Four proposed density-of-states distribution......... ")
Fig. (Y;Y)BondinginGeand Se.............ccoooiiiiiiiinnn., N
Fig (Y,¥) The phasedigramof GeSeTe........................ (VY)
Fig (), ¢) The possible electron transitions with one type

Of traD. .o (YV)

Fig (),¢) Schematic band structure diagrams for a metal
and semiconductor. ..., (™)
Fig (V1) Therelation between the reflectivity (R) and the
frequency inthe visible spectrum..................... (YY)
Fig (V,V) The variation of the optical reflection or
absorbance in a semiconductor with the frequency
of theincident light..........................ooel. (¥7)
Fig () ,A) Classifications of the principal types of electron
transitions. .......covii i (YY)
Fig (V%) Schematic diagram of (@) athin film between two
seminfinite media, (b) athin film on its substrate...(¢ +)
Fig (Y,)) Block diagram of the bulk material preparation.....(£9)
Fig (Y,Y) (a) Schematic representation of the edge film,
(b) Multiple beam Fizeau Fringes system, and
(C)Fizeau Fringes..........coooviiiiiiiiiiiian (°°)
Fig (Y,Y) A typical DTA thermogram illustrating the
definition of the different transition temperatures...(°9)..



Fig (¥,¢) Sample electrodes (a) bulk sample and
(b) thinfilmsample..................ocoi, )
Fig (Y,°) Holder used for thermoel ectric power
Measurements...........c.ooveiiiiiii i, (1e)
Fig (Y,1) D.C and a.c. circuits for photo conductivity,
measurements.
(a) Simple circuit for measuring the photoconductivity.
(b) Compensation circuit used for measurement.
(c) Measuring circuit using chopped light.......... (\Y)
Fig (¥,V) Dependence of photoconductivity on chopped
Frequency
() Dark and light relaxation curves with t. < 1.
(b) Frequency dependence on photoconductivity..(V))

Fig (Y,A) Simplified optical; schematic (a) intheV case
and (b) intheWccase...............ooeiiiiin. . VY
Fig.(¥,)) : X-ray diffraction pattern for the bulk
GeSe.:Te.,« CompoSItioN.........c.oevviinienieninnn. (V9).
Fig.(Y,Y) The DTA thermogram for the bulk sample.......... (M)

Fig. (¥»7) The dependence of T, on the heating
rate (o) for GeSe. :Te. . chalcogenideglass.........(AY).

Fig.(¥.¢) Theplot of In (a/Tg‘)versus Veoo/Tyfor GeSe. < Te.

chalcogenideglass..............cooiiiiiiin . (A9)



Fig.(¥.°) Theplot of Ina versus )« « « /T, for GeSe. :Te. «

chalcogenide

Fig.(Y.1) Theplot of In (a/Tg) versus )+« + /T for
GeSe. :Te.,« chalcogenide

Fig.(Y.V) Plot of In(a/Tp) versus) /T, for
GeSe. : Te. ~Chacogenide

Fig.(*.A) Plot of In(a/T,") versus )+« +/T, for

GeSe. :Te. - chacogenideglass.................
Fig.(".9) Plot of Ina versus) .« +/T,for GeSe. :Te.
chacogenideglass..............oooiiiiiii

Fig.( ¥, +) X-ray diffraction pattern for a representative
thinfilmsample...................,

Fig.(¥.))) The EDX chart of GeSe, ,Te, films

(At X= "2) ............................................

Fig.(¥,)Y) : The transmission spectrum of GeSe,.

Fig.(Y,) Ya-d) The plotsof (ezhv)' versus hv for

Ge%\ -XTeX ..........................................

Fig.(Y,) ta-d) Theplotsof (ahv)"" versus hv for GeSe\,Te,.(3°)

Fig. (¥»)°) Thevariation of direct Ey and indirect Eggq

optical Band gap with the Te content for GeSe,



Tefilms ... (A1)
Fig.(Y, ) 1a-d) The dependence of the absorption coefficient
(o) on the photon energy (hv) for GeSe, ,Te,...(3A)
Fig. (¥,)VY) The variation of the width of tail states with the
Te content (X at %) for GeSe,  Te,

Fig.( ) The variation of the refractive index with the
wavelength for GeSe, , Te films................ (V)
Fig.( ) The variation of the extinction coefficient with
the wavelength for GeSe, , Te films........................ (V)
Fig.(¥.Y+) The variation of the real dielectric constant
with the wavelength for GeSe, , Te, films...... (VY)

with the wavelength for GeSe, , Te, films...... (\+Y)
Fig.( ) The temperature dependence of the conductivity

for GeSe. «Te.,: (@) temperature range

(Yee-Ye. k) and (b)temperature range

(YY) (" +9)
Fig.( ) The temperature dependence of the conductivity

for GeSe.:Te. . (a) temperature range

(Yee-Yo. K) and (b)temperature range

(YY1 K)o (OY)
Fig.( ) The temperature dependence of the conductivity

of GeSe. rTe. v(a) temperature range ( Ye2o-)1+K)



