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The optical properties of solid films of chalcogenide glass system Ge-Sb-Te were
investigated. Elemental composition of the two investigated samples is determined by the
energy dispersion X-ray technique. They were found to be Ges Sbs, Teg; and Gey Sby;
Tegq, denoted by C1 and C2, respectively. The influences of composition and film
thickness on the optical band gap (E,) were investigated at room temperature. This was
done by an analysis of transmittance (T) and reflection (R) spectra in the fundamental
absorption region. It was found that the magnitude of E, decreases with increasing Ge
content. The obtained results were interpreted in terms of the change of cohesive energy
(C.E.) as a function of Ge content. The cohesive energy was estimated by employing the
chemical bond approach. Temperature dependent measurements of the electrical resistance
of the films for composition C1 and C2 in the temperature range 300-473 K were
performed. The obtained result showed rapid transition from high resistance state to low
resistance state. The observed transition temperature for composition C1 is lower than that
for C2, with higher Ge content and hence higher cohesive energy. [-V characteristic curves
for compositions C1 and C2, at 300 nm thickness indicate that, composition C1 may be
used as read-write material and C2 as read-rewrite material.
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1. Introduction

In recent years, chalcogenide alloys have received considerable attention because of their
wide ranging applications in infrared transmission, semiconductors, photovoltaics and in phase-
change recording technology . GeSbTe amorphous films are widely used in rewritable compact
disks (CD-RW), digital versatile disks (DVD-RW) and are found to be suitable for electrical
memories (i.e. non-volatile memories). In optical applications, information is recorded using the
fact that a thin film of this system can be reversibly switched by laser heating between the
amorphous and the crystalline state ).

The present study was undertaken in order to investigate:- 1) the influences of composition
and film thickness on the optical properties of chalcogenide glass compositions Ges Sbs, Teg; and
Gey Sby; Tegs, denoted by C1 and C2, respectively at room temperature. The obtained results were
tentatively interpreted in terms of the chemical bond approach "' used to estimated the cohesive
energy of the glasses under investigation. 2) To study the temperature dependence of electrical
resistance and -V characteristic curves for two investigated composition.
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2. Experimental techniques

Glass composition Ges Sb;, Teg; and Gey Sby; Tegs were prepared from highly pure
element Ge, Sb and Te (99.999% purity). These constituents were weighted in accordance with
their atomic percentages. The materials for each composition were placed into a silica tube. The
tubes were sealed in a vacuum of 10 Torr and heated in a muffle furnace at about 1000 °C for 12
hours and shaken several times during the course of heating to ensure a high degree of
homogeneity. The melt was quenched in ice water.

Film samples having thickness of 300, 200, 150, and 70 nm was prepared for the two
compositions. Films were deposited by thermal evaporation technique onto thoroughly cleaned
glass substrates using a high vacuum coating unit model (Edwards E 306-A) the deposition
temperature was maintained at room temperature. The pressure inside the vacuum chamber was
brought down to = 10~ Torr using the rotary pump. The evacuation was then contained using oil
diffusion pump until the vacuum reaches= 10” Torr before deposition. Digital film thickness
monitor (Maxtex Inc. model TM200Sin 531) adjusted the rates of evaporation and film thickness.
All films have been annealed at 433 K for two hours.

The samples were examined before and after annealing using Philips Analytical X-Ray
diffraction system, type PW3710 with Cu anode of wave length Ka;, = 1.5460 4 and Ka, =
1.54439 4. The generator tension was 40 kV and the generator current was 30mA. The start angle
20 was 10 degrees and the end angle was 100 degrees for bulk sample and 70 degrees for films.

The reflection and transmission of the prepared films were measured in spectral range
300-1100 nm using PMQII carl Zeiss spectrometer supplied with a reflection attachment. The
errors in these measurements (reflection and transmission) did not exceed 0.01 ev.

For electrical measurements, the samples were in the form films with silver electrodes.
D.C. resistance as a function of temperature was measured using Keithly 485 Autoranging
picoammeter and digital multimeter M 3922.

3. Results and discussion
3.1. X-ray

X-ray diffraction patterns of the investigated films of thicknesses (300, 200, 150 and
70 nm) of the two compositions, C1 and C2 are illustrated in figures 1 and 2, respectively. No
diffraction peaks are present, reflecting the amorphous nature of the prepared films. The above
mentioned films were subjected to annealing at a temperature of 433 K for two hours, and then
allowed to cool slowly in the oven. The X-ray patterns of the annealed films are presented in
figures 1 and 2. It is apparent that, the films of the investigated compositions still have an
amorphous structure. However, annealing films exhibit humps, which may be related to the
formation of small crystallites.
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Fig. 1 X-ray diffraction pattern of the composition C1, before and after annealing, for
different thicknesses.

\\ C2 before annealing
e

_ t= 300 nm
s \
£ T
& _k"“‘“-*—-—_*m__ t= 200 nm
3™
] i,
c B t=150nm
8 [\
£ g
- t=70 nm
10 20 20 . 4o 50 €0 70
Diffraction'angle 2p (deg.)
5, g C2 after annealing
Ay,
et e, t= 300 nm
- Ww.
E] WMM
g }M‘ ) - ..t.- 200 "_T_
% o t=150 nm
‘E I®,
it t=70 nm

10 20 30 40 50 60 70
Diffraction angle, 20 (deg.)

Fig. 2 X-ray diffraction pattern of the composition C2, before and after annealing, for
different thicknesses.
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3.2. Optical band gap determination

For the determination of the optical band gap, E,, the procedure suggested by De Michelis
et al 'V was used. Near the absorption edge, R and T are related to absorption coefficient, a, by

T=(1-R)exp (-a t) (D)

where t is the thickness of the film sample, then
a=(1/t) Ln {(1-R)/T} ()

By measuring R and T at different wavelengths, o can be estimated. The spectral dependence of
the absorption coefficient has the form !"

oho = A (ho — E,)" 3)

where ho is the photon energy, E, is the optical band gap and n is a parameter depending on both
the type of transition (direct or indirect) and the profile of the electron density in the valence and
conduction bands. Here, A is a constant including the thickness t. It should be pointed out that this
method eliminates the errors arising from the uncertainty in thickness determination.

The dependence of (aho)"™ on the photon energy ho was plotted for different values of n.
the best fit was found to be with n=2. This is the characteristic behavior of indirect transition in
non-crystalline material. Figures 3 and 4 show the dependence of (ahw)"? against ho for all films
before and after annealing for investigated compositions C1 and C2, respectively. The estimated
values of E, obtained from these curves are listed in table 1.

before annealing

X10?

al| ® t=300 nm
= t=200 nm
3 || At=150nm

0t=70 nm

(ahm)llZ (eV 12 .cm AIIZ)
N

00 02 04 06 08 10 12 14 16 18 20 22 24 2§

E Photon Energy (eV)
6 -
S after annealing
—
X g || ¢t=300nm
® t=200 nm
47| At=150 nm
3] ©° t=70 nm

(U«h’ﬂ))llz (eV 1/2_ Cm-1/2)
N

=
T

0

00 02 04 06 08 10 12 14 16 18 20 22 24
Photon Energy (eV)
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different thicknesses.



45

4
5 =300 nm before annealing
>
® t=200 nm
At=150 nm
3
g ot=70nm
1S
S
32
bR
K
1 +
O L L L L
0.0 02 04 06 08 1.0 1.2 14 16 18 20
Photon Energy (eV)
S8 1| «t=300nm
-
< after annealing
= t=200 nm
5 b
A t=150 nm
§\4 L ot=70nm
£
<
3t
L
ER
221
Z
1 +
0
00 02 04 06 08 10 12 14 16 18 20 22 24 26 2.8
Photon Energy (eV)

Fig. 4 (ahw)"? against photon energy for composition C2, a) before annealing, b) after annealing, for
different thicknesses.

Table 1 Estimated values of E,with the calculated values of C.E. for the two compositions
C1 and C2 before and after annealing for different thicknesses.

Thickness Before annealing After annealing C.E

(nm) E, (eV) E, (eV) (eV/atom)

300 0.49 0.30
200 0.55 0.37 1.83
150 0.66 0.43
70 0.74 0.50
300 0.60 0.35
200 0.67 0.44
150 0.73 0.57
70 0.84 0.67

As seen in table 1 the value of the optical band gaps increase with increasing Ge content.
This variation of the E, as a function of Ge content may be explained in terms of the change in
cohesive energy (C.E.) as a function of Ge content. It might be possible to assume that the
observed change in optical properties upon annealing is a result of micro structural re-arrangement
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occurs during annealing. To test the validity of this argument, the cohesive energies of the
investigated compositions were calculated using the method suggested by the chemical bond
approach '”. This is done by first considering the types of bonds expected to occur in the present
compositions to an appreciable extent '?. These are presented in table 2 together with their bond
energies.

Table 2 Calculated values of the bond energies expected to occur in C1 and C2 compositions.

(C-D) H(C-D) kcal/mole
Ge-Te 35.5
Sb-Te 31.6
Sb-Sb 30.2

The bond energy H(C-D) for heteronuclear bonds was calculated using the formula *

H (C-D) = {H (C-C) .H (D-D)}"* + 30{Y-Yp}* 4)

H(C-C) and H (D-D) are the energies of the homo-nuclear bonds. The H (C-C) values are
in units of kcal/mole: 37.6 for Ge, 33 for Te and 30.2 for Sb. Y¢ and Yp, are the electro negativities
of the atoms involved. The Y values used are 2.01 for Ge, 2.1 for Te and 2.05 of Sb 9.

Bonds are formed in the sequence of decreasing bond energy until all the available valance
of the atoms is satisfied . In the present compositions, the Ge-Te bonds with the highest possible
energy (35.5 kcal/mole) are expected to saturate all available valences of Te. The fairly strong Sb-
Te bond (31.6 kcal./mole) is not expected to occur. There is still unsatisfied Sb valences, which
must be satisfied by the formation of Sb-Sb defect homo-polar bonds for the two compositions
Cland C2. Based on the chemical bond approach, the bond energies are assumed to be additive.
Thus, the cohesive energies were estimated by summing the bond energies listed in table 2 over all
the bonds expected in the material. These results indicate that the C.E. of these glasses shows an
increase with increasing Ge content. Therefore, it can be concluded that the increase of E, with
increasing Ge content are most probably due to the increase of the average stabilization energy by
Ge addition. This conclusion is consistent with the optical measurements reported earlier .

3.3. Temperature dependence of the electrical resistance

Figs. 5 and 6 show plots of the temperature dependence of resistance R(T) in the
temperature range 300-473 K, for all films of the investigated compositions C1 and C2,
respectively. As seem from these figures, all plots exhibit a rapid transition between high
resistance to low resistance state. For example, the values of R (T) at the transition temperature
(for 300 nm thickness) are two and four orders of magnitude higher than its value before
transition, for C1 and C2, respectively. For composition C1, the sudden change occurs at transition
temperatures around 417, 410, 405, and 391 K for thicknesses 300, 200, 150 and 70 nm,
respectively. For composition C2, the transition occurs at transition temperatures around 432, 425,
412 and 397 K for thicknesses of 300, 200, 150 and 70 nm, respectively. It should be noted that,
the observed transition temperature depends on both composition and film thickness. Transition
temperatures increase by increasing both Ge content and thickness. Such it might is related to
structural changes.

To identify resistance changes as reversible or irreversible, films subjected to cyclic
heating. Subsequent cooling leads to an irreversible change in the film’s resistance. This
irreversible change in R(T) suggests the ability of these compositions to be used as memory
device.
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Fig. 5 D.C.resistance against temperature for composition C1 before annealing.
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Fig. 6 D.C.resistance against temperature for composition C2 before annealing.
3.4. 1-V characteristic curve

The room temperature static hysteresis [-V characteristic curve for compositions C1 and
C2 at 300 nm thickness are presented in figures 7 and 8. It is observed that increasing the applied

voltage up to threshold voltage, V", , at a pinot (b), a very small current is obtained (ab) which

represent the OFF state (high resistance) of the switch. At a point (b) the sudden increase in
current takes place (ON state). Therefore, no data points were taken in this range (bc). A further
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increase in the applied voltage increases the current (cd). By decreasing the applied voltage the
current decreases until finally both become zero (da of the curve). This curve is atypical hysteresis
I-V characteristic for memory switch.

If second pulse applied on this investigated film sample, C1 will remains in ON state. This
behavior may be used as read -write material. On other hand, C2 exhibit the two states (OFF and
ON state) after each cycles. This suggests the use of C2 film as read — rewrite material.

It is noticed that, investigated thickness of composition C1 has V', is less than that in
composition C2. It can be accounted for by considering that C.E. of C1 is less than it for C2.
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thickness 300 nm (a) first measurement (b) second measurement.

4. Conclusion

No diffraction peaks were observed in the X-ray pattern of the investigated films before
and after annealing indicating their amorphous nature. Optical energy gap (E,) was found to
increase with increasing Ge content. These results were explained in terms of the change of C.E as
a function of Ge content. The optical band gap was found to decrease with increasing thickness,
before and after annealing, and decrease in its value upon annealing. From hysteresis [-V
characteristic curves it was concluded that, the composition Ges Sb;, Teq; may be used as read-
write material, however Geg Sb,; Tegs can be read-rewrite material
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