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ABSTRACT

During this report period, work has been concentrated on a survey of
the structure, electrical and magnetic properties of transition metal oxide-
phosphate glasses and glasses in the AséTe3-AséSe5 system which possess
electrical or magnetic device potential., Results of magnetic and electrical
observations in several trainsition metal<phosphate glasses have revealed a
high degree of magnetic and structural order. The pronounced influence of
glass-glass phase separation and compositional segregation has also been
noted.

‘Examination of a series of FeO—P“?'_'O5 glasses has revealed a glass
forming range which extends to 80 mole Z FeO. Susceptibility and Mossbauer
spectroscopy results on these glasses are reported herein. Results on a
CuO-P205 glass indicate that the conduction mechanism in this system 1is
pactially ionic and thermal ireatments can change the ionic mechanism to
electronic. . These glasses exhibit microstructural features resembling crys-
tals but no crystals have been detected using x-ray techniques.

" Detailed studies of the AnzTe3-Aszse3 system has shown switching
behavior which can be controlled with compositional variation. [he composi-

tional variation of the microstructure is noted in micrographs included in

this report.



Statement of Problem

The device potential in amorphous semiconducting materials is a
largely unexploited area, despite extensive research in this area. This is
the result of a lack of systematic structure-property oriented research in
these materials. A fundamental understanding of the structural features of
thir class of materials will allow rational interpretation and control of
relationships between glass preparation variables and important electrical
and magnetic properties,

Electronic conduction in amorphous solids has become the subject of
interest to a number of theoreticians and has been reviewed by Mortl’z
Gubanov3 and numerous others. Virtually all of these works have begun with
an assumption that amorphous solids are uniformly random, even thouga they
recognize glasses are generally heterogenous. These theoreticians have deve-
loped analytical descriptions of several systems which have been exper imen-
tally verified in some cases. Attempts to extend this approach to microscop~-
ically heterogenous systems have had notably little success. There remains
a considerable body of experimental results, including Hall and Seebeck co-
efficients, which are not rationalized by present theory.

Pearson4 has suggested that heterogenous structure in these materials
may explain these anomalies if the separated phase is crystalline. It appears
that heterogenous transport analysis similar to that of Volger5 or Bube6 is
required to ascertain the transport behavior in each phase.

Another important anomaly between theory and observation concerns the
theoretically predicted insensitivity of amorphous semiconductors to doping.
Early expsrimental observations by Kolimets, et. a1.,7 conformed to the theo-
retical predictions, but recent work by Mackenz:le8 clearly conflicts with the

theory and the early work. It appears that the above anomalies are the result
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of inadequate structural characterization, rather than fundamental theoreti-
cal problems.

Further evidence that structrual heterogenifies lie at the root of
these 2nomalies can be inferred from work by Kinser, et al.,9 in KZO-PZOS-
VZOS glasses. This work has shown that marked changes in dielectric behavior
occur during thermal treatments customarily used to stress relieve g lasses.
These changes have bcan shown to be the result of structural changas involv-
ing precipitation of emall amounts of crystals.

Wilson and Kinserlo have observed similar, but somewhat more complex,
behavior in FeO-on5 glasses after thermal treatments corresponding to
annealing. Electron spir resonance (ESR) results have shown the onset of
structural changes during thermal treatment prior to their observation by
other commonly employed techniques.l1

It is thus apparent that homogenous glasses, semiconducting or other-

wise, are the exception rather than the rule.

General Methodology

The electrical and magnetic property changes accompanying structural
modifications during glass processing are of prime interest in the present
work. The above questions can only be answered with detailed structural
characterization of representative glasses from the oxide and chalcogenide
groups. The initial oxide glass examined was the SSFe0-4SP205 glass along
with glasses from the V205-P205, CuO-PZOS, T102-P20S and MnO-P20S systems.
The initial chalcogenide glasses are from the AszTe3-A328e3 system with
Ag-As-8 glasses in preliminary stages of study.

Structural characterization of these systems is being accomplished

using electron microscopy, Guinier-DeWolff x-ray, electron spin resonance

spectroscopy, magnetic susceptibility, electron microprobe, dielec.ric



relaxation, Mosslzuor spectroscopy and differential thermal analysis tech-
niques.

In conjunction with the structural tools, it is necessary that the
conductivity, switching behavior and Seebeck coefficient be monitored to

allow direct structure-property correlations.

Transition-Metal Phosphate Glasses

Experimental results during this report period have justified our pre-
vious assumption12 that the interactions between ions in the amorphous metals
oxide-phosphates are similar to those in crystalline oxide containing the
same ions. Such interactions are principally negative superexchanges. Inter-
esting magnetic observations have led to the conclusion that the magnetic
susceptibility is a result of both interacting and non-interacting (partially
isolated) ions. Such an assumption can be used to explain the unique down-
ward curvatures of the reciprocal magnetic susceptibility versus temperature
curves at low temperatures.

Iron-oxide-phosphate

Previously published data on the iron-oxide phosphate glass system has
been restricted to 55 mole? Fe0-45 mole¥% PZOS' Recently a gliss forming study
of tue FeO-PZO5 system has shown that the glass forming range extends to 80
moleZ FeO when the giasses are melted in an oxidizing atmosphere. Glasses
above 80 mole’ Fe0O spontaneously crystallized to a-Fe203 while intentionally
devitrified glasses of compositions below 80% crystallized to FePOA.

The reciprocal magnetic susceptibility versus temperature curves for
four representative glasses are shown in Figure 1. These data indicate that

all the glasses antiferromagnetically coupled and the magnetic interactions

are attributable to negative superexchange. The downward curvature of the
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curves are a direct consequence of the amorphous nature of the glasses.lj
The matrix of interacting ions is responsible for the negative Curie tempera-
ture assoclated witi the linear high temperature relation. Isolated ions
contribute increasingly to the total susceptibility at low temperatures and,
hence, cause the downward curvature of the reciprocal susceptbility. The
existence of "isolated" ferric ions in the 55 moleZ% glass has previously been
reported.la Analyses of these data are continuing.

The ratio of the Curie temperature, ©, to the temperature at which the
reciprocal susceptibility appears to curve downward, T', gives an important
contact between experimental results and theory. The fraction of interacting
ions can be uniquely determined from experimentally observed values of O/T'
since these have been shown to be essentially independent of the coordination
number of the ions in an amd>rphous matrix.l5 At present susceptibility data
is incomplete and exact values of T' have not been obtained. It is antici-
pated that a thesis containing a theoretical analysis of these glasses will be
completed in the next report period.

It should be noted that no pronounced Néel temperature is observed in
the susceptibility data for the iron glasses. Electron spin resonance data
previously reported does indicate distinct onset of antiferromagnetic ordering

however, these data clearly distinguish between Fe2+-Fe2+, Fe2+-Fe3+, and

Fe3+-Fe3+ coupling. The bulk susceptibility of the iron phosphate glasses is

therefore not relaced to one specific crystalline phase but to possibly three.
The principal value of the susceptibility data for these glasses clearly seems
to be as another method to determine the numberof interacting ionms.

Mossbauer effect spectroscopy of the 55 moleX FeO glass at 77° and 300°K

has revealed that the interacting Fe2+ and Fe3+ ions are on octahedral sites.

TOT

in addition, the Fe3+/Fe ratio for this glass and for intentionally reduced



glasses are in good agreement with previously reported ESR data.l4 Figures
3, 4, and 5 show the spectra at 300°K for these glasses with known Fe3+ con-
centration. A spectrum is composed of two doublets, one from Fe3+ ions and
one from the Fe?¥, The "stick diagram" below the actual spectrum is a com-
puter analysis of the experimental data. The ratio of height of the inte-
grated intensity line represents the Fe3+/FeTOT ratio.

Figures 6, 7, and 8 are the spectral parameters of the 55 mole% Fe0
glass as a function of Fe3+/FeT0T. An analysis of these data is currently
being conducted and will be included in a M.S. thesis to be published during

the next report period.16

Manganese-oxide phosphate

A study of the structural and magnetic properties of the manganese-
phosphate glass system 1s currently in progress. As indicated in a prelimi-
nary study, the magnetic behavior of a phase separated 55-45 moleZ Mn02-P205
glass appears to be a superposition of the magnetic behavior of the phosphate-
rich phase, which contains isolated, paramagnetic manganese ions, and the
magnetic behavior of the manganese-rich phase, which contains exchange-
coupled manganese ions. The magnetic behavior of the latter phase is remark-
ably similar to that of crystalline MnO.

In order to further investigate the interrelationship of composition,
microstructure, and magnetic behavior, glasses over the range x Mn02—(1-x)
P205 with x = 20, 30, 40, 50, 55, and 60 have poured. The limit of the glass
forming region of the manganese-phosphate system has been determined to be at

x = 60; beyond this the melt spontaneously crystallizes into Mn Crys-

2F2%:
talline Mn2P207, was identified by vacuum Guinier-DeWolff x-ray techniques in

glasses with x = 55 and x = 60.

At present, the low temperature magnetic susceptibility of the as-cast



gl ss melts i3 being investigated using a permeability bridge17 and a nitro-
gen gas flow system. The bridge will be adapted for use with a hydrogen
cryotip so that the magnetic susceptibility down to 20°K can be measured. It
is anticipated that the results of these studies and variable temperature
electron spin resonance studies on the as-cast samples will establish a rela-
tionship between the composition and magretic behavior of the manganese-
phosphate glass system. Further studies on heat treated samples will be con-
ducted and a correlation between the magnetic behavior as observed in suscep--
tibility and electron spin resonance experiments and the microstructure as
determined by replication electron microscopy will be established.

Copper Oxide-Phosphate

Since the last report, attempts have been made to further characterize
microstructural and electrical features of the CuO--P205 system. A glass of
55% Cu0-45% P205 nominal composition was used in this investigation. D.C.
electrical resistivity vs. time for varying applied potentials was studied

ToT ratios and thermal histories. Direct

using glassec of varying Cu2+/Cu
replication techniques were used to study microstructural features of freshly
fractured surfaces etched in 10% HC1l for varying lengths of time.

As mentioned in the last report, high activation energies in the range
of 0.80 to 1.0 ev/atom were observed for glasses of the same nominal composi~
tion as that used in this experiment, although Cu2+/CuTOT ratios differed.
These activation energies were higher than those observed for the FeO-P205
glasses (approximately 0.5 ev/atom). This fact, coupled with an observation
of ionic conduction in a 50% CuO-50% P205 glass by Hansen,18 led to suspicion
of a more comp’ex conduction mechanism than originally suspected, although

Hansen's activaticn energies of conduction were higher (in the range of 1.4

ev/atom). Activation energles for electronic conduction in the same range as



our CuO-P205 glasses have been reported for other glass forming systems by
Mackenz:le.8 To date, no significant time &ependence of conduction has been
observed for our specimens. Further experiments utilizing non-blocking elec-
trodes and electromotive force measurements are being performed in orde:. to
further characterize the charge carrier. It should be pointed out that elec-
tronic conduction has been observed in a CuO-CaO-on5 glass.l9 It is felt on
the basis of this evidence that the conduction mechanism changes from ionic
to electronic depending upon thermal history of the specimens and the amount
of glass former (i.e., CaO, Na20, etc.) added to the melt. The glass former

constricts the structure, thereby decreasing considerably the mobility of the

cations.

As,Te_ -As,.Se,. Glasses

2.3 "2°73
Electrical: The bulk D.C. conductivity data for the 40A52Te3:60ABZSe3 to
80A32Te3:20A328e3 glasses are plotted in Figure 9 as log 0 vs. 1/T. The acti-

vation energies derived from these plots are listed in Table 1. These data
agree within experimental error with those of Ro:l.loa20 but not with the
Kolomiets7 data.

Room temperature A.C. measurements from 0.2 ke to 2000 ke were taken
on the series of glasses. Plots of tan § vs. frequency show no dispersions,
indicating that conditions for Maxwell-Wagner-Sillars heterogenous losses are
not present in these glasses.

Behavior of both the D.C. conductivity and the tan G‘factot of heat
treated glasses should prove informative and this work is to be undertaken
during the next report period.

Structural: Replice electron microscopy on the chalcogenides indicates that

all the glasses studied arc heterogenous and, thus their structure is sensi-



tive to thermal history.

An electron micrograph of a fresh fracture surface of arsenic triseli-
nide, Figure 10, clearly shows the characteristic droplike structure of
liquid-liquid phase separation. This phase separation in Aszse3 was surpris-
ing and, te our knowledge, has not been previously noted in the literature
although this glass has been previously examined.

The other glass compositions examined also exhibit evidenc: of phase
separation. This is evident with compositional changes and within different
samples of the same composition. This i1s evidenced by the series of micro-
graphs in Figures 11 through 15. Figure 11 shows large, well-formed drops,
indicating well-separated phases. Figure 12 shows the glass in the beginning
of the drop forming process with many small, irregular droplets. The glase
in Figure 13 is in an advanced stage of phase separation as indicated by the
droplets coalescence. Two coherent phases are shown in Figure 14, suggest-
ing a spinodal process. Figure 15 shows an interesting structure which may
be indicative of the formation of secondary segregations in the primary sep-
arated phases.

These E.M. studies indicate that these glasses are extremely struc-
ture sensitive to thermal history. The variations in droplet formation seen
over a cross-section of an individual boule of glass shows that these diffu-
sion controlled phase separation processes are sensitive to cooling rates.
The different structures are noticeable between the rapidly cooled middle of
the boule. The number and stages of phase separation processes occurring in
these glasses conclusively point out the importance of control of melting
variables such as maximum temperature, quench rate and subsequent heat treat-
ment.

The variation on the stages of phase separation in the samples studied



makes accurately correlating the amount of phase separation, and therefore
the structure, with composition difficult. The trend is to a larger degree
of phase separation, i.e., more of the second phase, with increased tellur-
ium content. Electron microscopic studies of glasses which have Leen heat
treated under carefully controlled cond.'tions are needed, and would be com-
plimentary to the necessary electrical studies of heat treated samples.

Thus the next phase of our research on these glasses will be to study
heat treated samples of the same composition. A report of these studies will
be included in the next semi-annual report.

UHF and Microwave Dislectric Properties

The UHF and microwave dielectric properties of the afsenic-tellurium-
selerium glasses have been determined at rcom temperature. The dielectric
constant and loss tangent for a given glass composition were found to be
essentially constant of the iange 100-18,000 MHz. The dielectric constant
varies from approximately 7 to 10 and increased with tellurium content. The
loss tangent also increased with tellurium and had a maximum value of approx-
imately 5.5 x 10-2. The dielectric properties of these glasses compare fav-
orably with those for other commonly used dielectrics for microwave integrated
circuits, e.g., Y.I.G. and silicon. A paper on this phase of the program by

Pearson, O'Reilly and Wilson is appended to this report.



Recemmendations

1. Our principal recommendation is to continue the present program
in its present directiecn to allow the synthesis of each of the results in
a unified theory along the lines which are now clear in the chalcogenide
system.

2. As in our previous recommendations, we continue to recommend the
survey preparation of new glasses. We anticipate that the transition metal
oxide-phosphate, silicate, borate and germanate survey presently in progress
will be continued.

It is also anticipated that results on a new svstem Ag-As-S will be
most helpful in developing switching models. A deta’led ternary phase dia-
gram was recently published (30) and our analyses should be simplified with
this as a basis. It is further anticipated that Cu and Au substituted in
the above system will be quite informative from an atomistic and microstruc—
tural model point of view.

3. The Mossbauer studies should be continued to examine 57 Fe and
127 Te in each of the systems presently under examination using other tech-
niques. This will significantly aid in atomic structure model uevelopment
in these systems as an addition to the present tools.

4. We recommend that the far infrared "conductivity spectra" be ob-

10

tained to facilitate in theoret!cal analysis of the conducfiu;tylloss spectra.

This will allow the loss behavior to be explicitly attributed (31) to each

mechanism thus reinforcing both atomic and microstructural analyses.
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Table 1. Summary of DC conductivity from low field
DC results and switching results.

Composition AE(ev) AE (ev)
4 AszTe3 4 AsZSe3 (low field) switching anslysis
80 20 0.43 0.47
70 30 0.52 0.40
60 40 0.55 0.45
50 50 0.59 0.52
40 60 0.62

0 100 0.73
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Figure 10. A525e3 Fracture Surface

Figure 11. 40 AszTe3 - 60 ASZSe3

Fracture Surface from Center of Boule
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Figure 13.



Figure 14. 80 AszTe3 - 20 AsZSe3 KOH

Etched Fracture Surface

Figure 15. 40 AszTe3 - 60 AsZSe3 Fracture

Surface frc same area as Figure 12.
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Electrical, Thermal & Structural Properties

of AazTea-AazSe3 Glasses

D. L. Kinser, L. K. Wilson, H. R. Sanders & D. J. Hill
Vanderbilt University, Nashville, Tennessee 37203

Electrical condudtivity, switching, D.T.A., and electron microstruc-

tures are presented for a ceries of the chalcogenide glasses AazTe3-As Se

2°%3°°

DTA observations were conducted on each of these glasses to determine the
relative glass stability. Bulk threshold switching observations were con-
ducted on a compositional series of giasses.

Replica electron microscopy observations indicate the presence of
liquid-1iquid immiscibility in the As-Te-Se ternary system. The evidence
indicates that the AszTe3-A828es join is not a yuasi binary.

The 1mmiscié;lity observed ‘suggests that this system, like several

analogous silicate ternary systems, is quite sensitive to thermal treat-

ment.

26



I. INTRODUCTION

This paper reports results of electrical conductivity, switching, DTA
and electron microstructural observaticns on a series of AszTe3-ASZSe3
glasses. Roilos (1) and Kolomiets and Nazarova (2) hsve previously reported
electrical conductivity in this system but their results are not in agree-
ment. The pr;sent electrical conductivity results generally agree with the
observations of Roilos.although some disparities are present. The DTA
observations indicate that the high AsZSe3 glasses-are more stable glasses;
All éf the glasses in this system exhibit bulk threshold memory switching
with the critical voltage for switching increasing with AsZSe3 content.  The
switching stability increases with As Se; céiitent although the switching

273

voltage rises to around 15 kilovolts in A828e3. The microstructure exhibits
a liquid-liquid separation in all glasses with amatrix structural change
with composition. The more heterogenous microstructures occur in ASZSe3
rich glasses in which better switching stabilfty is observed. The switching
process observed in these glasses appears to occur by a_thermal mechanism as
previously reported by Warren (3) in a single composition ASZSeZTe. This
conclusion is further substantiated by the compésitional and microstructural

trends noted above.
II. EXPERIMENTAL

All glassgs examined in this study were prepared by fusing the appro-
priate materials in evacuated Vycor ampoule: at 80¢°¢c in a rocking furnace.
After heating for one hour the ampoules were rapidly quenched in water. Six
compositions of the AszTe3—ASZSe3 glas; system were prepared with AszTe3/ASZSe3
ratios of 0.8, 0.7, 0.6, 0.5, 0.4 and 0.0. Reagent grade raw materfals were
employed after an initial study revealed es3entially no purity effects between

reagent materials and 99.9999 materfals. All samples were formed into small



platelets by briefly remelting on a graphite plate and quenching with a 28
second plate. Samples for all observations had an area of about 1 cm2 and a
thickness of about 0.1 cm with similar thermal history. No samples were
tubjected to further thermal treatments.

Conductivity measurements were conducted using silver electrodes in a
guard ring ronfiguration with applied-fields -of-approximately 5 volts/em, -~ -~ -
Switching observations'were conducted using a special fixture with spring
loaded electrodes with appropriate external current limiting circuitry (4).
DTA observations were conducted on powdered samples in a Modified Fisher
Model 260 thermal analyzer.-

Electron microscopy observations were conducted on freshly fractured
and on etched fracture surfaces utilizing platinum/rhodium shadowed indirect
cr_bon replicas. The etchant used was a dilute 'aqueous KOH solution.

III. RESULTS

The DC conductivity at 21°C as a function of composition is plotted in
Figure 1 with previous data of Roilos and Kolomiets. The‘general'bomﬁosi—
tional trendis are/similar although pronounced differences exist between the
Roilos/present work and Kolomiets results. An example of the conductivity
versus inverse temperature behavior for a 50/50 glass i1s given in Figure 2
along with Roilos' data. It 1s clear that the temperature dependence of
both samples is different although the room temperature conductivity is simi-
lar in this case., Results of the threshold switching behavior as a function
of composition are given in Fiugre 3, Thesc data indicate an increasing
breakdown voltage at higher A325e3 content with somewhat larger scatter from
sample to sample in the higher A325e3 glasses. Observations on a single sam-
ple of the higher A928e3 glasses do not exhibit changes in switching voltage
through numerous switching cycles; hence the utability of this materfal as a

switch 1s considerably higher than glasses with high As,Te., content.
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The DTA observations, summarized in T;ble 1, indicate that the céystal-
lization temperature of these glasseg increases with A328e3~content.- As ome-
might predict, the selenium is a much stronger glass former, thus, the high
selenium glasses crystallize at higher temperatures, if in fact they crystal-

1ize at all, -

29

Electron microstructures of five representative-glesses-presented-in ---- — -

Figures 4-8 e;Eipit a_brimary l1juid-11quid drop-like separation. The drop
size and volume fraction is sensibly unchanged throughout the composition
range including the AsZSes glass. The drop phase 1p the 70/30 glass exhibits
a peculiar structure unlike any known to the authors. A pronounced change 'in
the matrix phase with composition is apparent, and the 60/40 matrix exhibits
a structure similar to that previously attributed to.a spinodal decomposition
process. (5) -
IV. DISCUSSION

The disagreement. between the present work and Roilos' versus the early
Kolomiets work 1s surprising and no rationalization of this disparity is ad-
vanced. The more subtle differences between Roilos and the present work are
probably the result_ of differing-thermal histories leading-to microstructural
differences. The difference in activation energy for the 50/50 glass £s un-
doubtedly. a consequence of compositional differences in the matrix phase re-

sulting from different degrees of compositional segregation between the two

laboratories.

The switching_behavior exhibits first a smooth compositional trend
along with an opposite trend in switching stability. The fncrease in switch-
ing voltage with selenium is a consequence of combined Joule heating/thermal
conductivity trends with composition. The change in switch stability appears

to be a consequence of fncreased mfcrostructural heterogenity with higher

selenium content.
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The phase separation observed in the Aszse3 glass indicates that a
metastable immiscibility gap fs present in the binary As-Se system and simi-
lar observations in tellerium containing glasses indicate that the immisci-
bility extends into the ternary-system. Since the lines connecting phases in
metastable equilibria do not lie in the A328e3—AszTe3 join the system under
examination 1s not a true quasibinary.. This-appears-to-be- the only conclusion -
that can be reached from observations of cornstant phase fractions over the
compositionel range examined.

It thus appears that the As-Se-Te ternary system exhibits metastable
immiscibility similar to the Na20-3203-8101'system'(G) and that the physical
properties are similarly sensitive to thermal history.

CONCLUSIONS

1. Disagreement in electrical conduction observations among various
investigators can be partially rationalized by the microstructure.

2. Switching stability in this system is enhanced by the presence of
a more_heterogenous microstructu-e. |

3. The As-Se-Te ternary ryste: :xhibits metastable immiscibility on

the join AszT -As

e3 28e3.
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Figure_Cagtions

UC conductivity as a function of composition with data from Roilos (1)
and Kolomiets and Nazarova (2).

DC conductivity as a functfon of inverse temperature with data from
Roilos (1).

Threshold switching voltage as a function of composition. Large error
bars cre result of numerous camples - single samples exhibit smaller
scatter in hizher A328e3 glasses.

Replica electron micrograph of stoichiometric A328e3. Unetched. frac-
ture surface.

Replica electron micrograph of 40 Aszfe3—60 A328e3 glass. Unetched
fracture surface,

Replica electron micrograph of matrix region of 60 AszTe3-40 A328e3

glass., KOH etched fracture surface.

Replica electron micrograph. of 70 A82Te3-30 As Se3 glass. KOH etched

2
fracture surface.

Replica electron micrograph of droplet/matrix interface region in

80 AszTe3-20 A328e3 glass. KOH etched fracture surface.
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Abstract presented to

The Tenth Annual (1972) IEEE Reglion 3 Conference
University of Tennessee
Knoxville, Tennessee

U. H, F. AND MICROWAVE DIELECTRIC PROPERTIES OF
AMORPHOUS SEMICONDUCTORS

J. D, Pearson®*, G. T, 0'Reilly*®, and L. K. Wilson™*
Vanderbilt University
Nashville, Tennessece 37203

Thls paper considers the Ultra High Frequency and
mlcrowave dielectric properties of some amorphous
semiconductors at room temperature. Complex permittivity
measurements are presented for the glass system (x)AszTe3(l-x)A32803
for-x=0.4, 0.5, 0.6, 0.7 and 0.8, over the frequericy range
100-18,000 Mhz. The dielectric constant was found to vary
slightly with frequency and to decrease with decreasing Asole.,

content. Thls research was sponsored by the U, S. Army ReSeafch
Office-Durham,

.
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Summary presented to

The Tertch Annual (1972) IEEE Region 3 Conference
University of Tennessee
Knoxville, Tennessee

U. H. F. AND MICROWAVE DIELECTRIC PROPERTIES OF
AMORPHOUS SEMICONDUCTORS

J. D. Pearson®, G. T. 0'Reilly*, and L. K. Wilson**
Vanderbilt University
Nashville, Tennessee 37203

Recent interest in amorphous semiconductors has focused
primarily on the electrical switching behavior of these
materials.(l) Considerable experimental study has been

conducted on the temperature dependence of the d.c. conductivity,

the frequency dependence of the conductivity in the audio and
high frequency rarge, and the optical absorption spectrum,

in an attempt to test various denslty-of-states models for the
amorphous materials. Very little work has been directed,
however, toward characterizing the dielectric properties of
these materials in the U, H, F., and microwave range.

. Thls paper considers the compositisnal variation in the
dielectric properties of the glass system (x)AsoTex(1-x)As0Se-
(x=0.4,0.5,0.6,0.7 and 0.8) over the frequency range 100-18,0060
Mhz, at room temperature (25°C),

The materials were prepared by fusing a mixture of As Te3
and AspSes In a rockling furnace, After heating for severaf
hours, thé molton material was quenched in ice water.

Complex permittivity measurements were made by threc
techniques, For the frequency range 100-500 Mhz, the materials
were shaped into circular disks and placed in an ailr-filled
coaxlal line., A Thurston Bridge (G.R. Model 1602-B) was used
o determlne the complex impedance of the sample, which was
then uvsed to determine ¢' and e¢''. In the frequency range
500 Mhz-2 Ghz, a slotted coaxial line was used for measurement
of null shift and VSWR. For 2-6 Ghz this procedure was
repeated using a greater precision coaxial slotted line.

In the range 12-18 Ghz, retangular shaped samples were used

in conjunction with a Ky-band slotted vavegulde, Permittivity
was obtalnad by measuring VSWR, wavelength, and position of
voltage minimum and calculating the roper order solution to

a complex transcendental equation.(2

* Student Member, IEEE
¥*Member, IEEE



The average complex permittivities measured over the
entire frequency band are gilven in Table I.

TABLE I. Average Complex Permittivity Varilation with Composition.
Conipositlon Permittivity

80% As." ,-20% AsoSe 10,0-J0.4
70% AsS g-go% As5Sed

60% ASz'l z= 0% A82883
EO% AsaTeg—SO% AspSe3

’

0% AszTe3-00% AspSe3

17-30.25

=M W

=~ H
CaCaCalCa
0000

-~ OO\

Slight variations of permittivity with frequency were
noted and the dlelectric constant decreased as the As,Te
content decreased. The values for dielectric constanft fdund
here compare favorably with data recently given for A528e3
by Taylor et al.(3)

Varlations of permittivity with frequency can be
attributed to varlations in experimental techniques. Errors
involved in the experimental setup include errors in slotted
line null measurements, VSWR, and sample height and position.
These lead to a statlstical error of 4 10%. All measurements
were within thls statlstical error.
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