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INTRCDUCTION 

Hie  past haJLf year hts bean a near disaster. The  a.c. conductivity data 

accumulated seems to have been largely in error. The high pressure cell ordered 

on 31 August 1972 was not delivered until mid-October and when delivered had 

broken leads so was returned. Not until the third delivery (in mid-November 

1973) was a functioning apparatus received. 

Section I contains the text of a paper read at the Fifth International 

Conference on Amorphous and Liquid Semiconductors (Gramisch-Partenkirchen, 

Germany, 1973)• Section II contains an outline oi'  the source of the errors in 

the A.c. data reported at Garmisch. Section III describes an improvement made 

in data taking procedures for sound speed measurements. 
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Effects of Pressure on Amorphous Semiconductors* 

K. E. Bailey, B. A. Joiner, P. L. Sherrell^and 

J. C. Thompson 

Physics Department, The University of Texas at Austin 

Austin, Texas   78712 

We report on measurements of sound speed, compressibility 

Xm, T  , and dc and ac conductivity in As:Te:Ge and As-Se- up to 

10 k bar.   Mechanical properties are similar to those of conven- 

-12       2 tional glasses:   xT ~ 6 x 10       cm /dyn and decreases on in- 

creasing pressure.   The value of *     does not seem to depend on ac 

pressure. 

1.   INTRODUCTION 

The application of pressure permits one to determine the influence of 

interatomic spacing on the various properties of a material.   In some cases 

these effects are the result of an explicit volume dependence, but there is 

more often an indirect dependence through other parameters which themselves 

vary with interatomic distance. Furthermore, knowledge of the density depen- 

dence of parameters which are temperature dependent enables one to separate 

the effects of thermal expansion from temperature changes so that the intrin- 

sic temperature dependence may be obtained.   We report here measurements 

of the pressure, temperature, and frequency dependence of compressibility 

and electrical conductivity in some amorphous chalcogenide alloys. 

♦This research was supported in part by the Advanced Projects Agency of the 

Department of Defense and was monitored by U. S. Army Research Office under 

Grant No. DA-ARO-D-31-124-73-G81. 
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2.   COMPRESSIBILITY 

Both isothermal and adiabatic compressibilities have been measured 

in the alloy Te15Ge3As2 as a function of hydrostatic pressure up to 7 k bar. 

The isothermal measurements were made dilitometrically using a Linear 

Variable Differential Transformer (LVDT) to observe the change in sample 

length under pressure.   As in all these experiments, we used a 10 kbar 

Bridgeman-type apparatus using nitrogen gas as the pressure medium.   Cali- 

bration of the LVDT was accomplished by measuring the known dilitation 

(Valdya and Kennedy, 1970) of single crystals of NaCl , KC1 , KBr, and KI. 

The apparatus was then used to record the dilitation in the chalcogenide 

samples.   The data are shown in Fig. 1, except for the As2Se3 samPle-   From 

these measurements the isothermaJ compressibilities  KT were calculated from 

the equation: 

"T      v  äP lT    (i+AV/vo)      S      lT 

where V is the volume of the sample, AV is the change in volume, and Vo is 

the volume at atmospheric pressure.   The results are shown in Table I. 

In the determination of the adiabatic compressibility Xo the actual 
9 

experimental parameter (Bailey and Thompson, 1972) is the transit time of a 

short pulse of ultrasonic waves in a cylindrically shaped sample.   Conversion 

of the measured transit time to sound speed requires a knowledge of the change 

in sample length with pressure.   This change in sample length is calculated by 

the method of Cook (19 57) which yields: 

-1 
xs = f y(Ph0

2D r^ -^-1] 
s       0 01>)   tt

2(p) 

where p 

y(P) = 1+^. ti.     4^1  -1 



At zero pressure the length is I  , the density o ; t   and t   a-e the longitudinal 

and transverse transit times , and y is the ratio of specific heats C /Cv and 

is taken to be independent of pressure. 

Values of Xo tOT Tei ■;GeiAs2 are shown in F"i<3' 2 for an assuned v 

of unity.   xc varies smoothly from 0-lCkbar , decreasing with increasing pres- 

sure.   This is, of course, expected since the atoms resist compression more 

strongly as they are pushed together (Gray, 1963).    We find that 
12        2 x« = 5.76 x 10        cm /dyne at atmospheric pressure and the pressure coeffi- 

-13 -132-1-1 cient varies smoothly from -2.4x10       atP = 0to-1.3xl0        cm dyne    kbar 

at ICkbar. 

While the results for xc and xT are related they cannot be directly com- 

pared nor can   v be calculated since the LVDT measurements have error bars 

of about 5%.   Values of v are expected to be quite close to unity in these as in 

other solids (e. g. , in vitreous silica 1.000 < Y< 1.001).   Our error arises 

primarily from the use of the high pressure data of Vaidya and Kennedy in this , 

relatively, low pressure range. 

It is clear, nevertheless , that there is no great difference between 

these and other glasses insofar as  *., y? or y is concerned.   The compressi- 

bility of the chalcogenide glasses considered here are two-to-three times 

greater than those of silicate glasses and about the same as those of the borate 

glasses (Weir and Shartis ,  1955). 

No permanent densification was observed below 9 kbar   to within 0.04%. 



3.   CONDUCTIVITY 

It has generally been asaumed that the presence of an ac conductivity 

aac   ProPortional t0 the frequency is evicifci>ce for electronic hopping (Pollak 

and Geballe, 1961).   Fritzsche (1972) has emphasized that there may be 

other, equally tenabie, explanations which do not involve electronic hopping 

at all.   Finally, Pollak and Pike (1972) have shown the pervasive nature of 

the uu    behavior whenever the two-center relaxation times are exponential 

functions of a random variable.   While the disagreement over the temperature 

dependence of -     is yet unresolved we have undertaken a series of experi- 
do 

ments to look at the pressure dependence of hoping to contribute to the resolu- 

tion of these discrepancies. 

If we follow Pollak and Pike then the pressure dependence of the con- 

ductivity is just compensated by the pressure dependence of the form factor 

of the sample so that dR/dP ■ 0 where R is the resistance.   This is just the 

result reported for As2Se3 by Ivkin, etal. (1972). 

We have studied the alloy Te72AslgGe9 up to 2 kbar and 5 MHz. 

Figure 3 shows R as a function of 1/T.   Clearly the pressure dependence of 

aac ^s ^ess t^an t^at 0^ "de*   ^i5ure ^ shows the frequency dependence of 

R     at two pressures; the difference between the two curves at the highest 

frequency is due entirely to the shift in a,   produced by a 6 K shift in tempera- 

ture during the run.   We therefore confirm Ivkin, et al.,    and also Pollak and 

Pike Insofar as this material is concerned. 

We would like to r-irther suggest that the strong pressure dependence 

reported (Ivkin, et al., 1972) for As2Te3'As^Se- is an artifact resulting from 

the larger «.     of that material and the attendant difficulties in res living n ac j  ac 
at (apparently) 300 kHz. 



We therefore see no conflict with Pollak and Pike (1972).   Higher 

pressures and a wider temperature range will be required for a real under- 

standing. 
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FIGURE CAPTIONS 

1. Change in length of the samples under hydrostatic pressure. 

2. Adlabatic compressibility of Te, qGe-As 

3. Temperature dependence of sample resistance for Te72AslgGe9.   Circles - 

D.C.. Squares - 1 MHz., Triangles - 2.15 MHz, Open - 200 PSI, Filled - !' 

30,000 PSI. 

4. Frequency dependence of sample conductance for Te, .As-Ge, . 0-3000 PSI 

207K; A- 15000, 213 K. Corrections for lead-ins have not been applied to 

the 4.65 MHz point. 
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Section II: Measurement Problems vith the Wayne Kerr Uhiversal R. F. Bridge B602 

In preparation for the Garmisch Conference, we attempted to measure the a.c. 

conductivity of a sample of Te -As^^ Ge . As the raw data had a strong resemblence 

to a.c conductivity data or other samples  ^asured by other investigators (i.e. 

o — ti) wnere a—l), we made extensive measurements at atmospheric pressure and 

at other pressures up to 2 kbar. 

Upon reduction of the data, it was found that there were large deviations from 

the expected behavior at tne high—t frequencies. In trying to understand the 

reason for the discrepancies, we meide measurements on a capacitor which had an 

impedance very similar to that of our sample. We discovered that the sample's 

frequency dependence which we had observed in the course of our high pressure mea- 

surements was due to phase shifts caused by interaction of the bridge with cables 

which were used to transmit signals: between the bridge and the sample. 

In making a0c. bridge measurements, one is interested in obtaining two unnnown 

values, the sample resistance and the sample capacitance or inductance. In order 

to measure these two unknowns, what is done in effect is to apply a known a.c. 

voltage to the sample and measure the in-phase current to determine the sample 

resistance and measure the out-of-phase current to determine the sample capacitance 

or inductance. If both the real and imaginary irapedan ^s are similar in size, small 

phase shifts are relatively unimportant; however, if one component is several orders 

of magnitude larger than the other, the large current in the smaller impedance 

will appear to be partly due to the quadrature impedance if thei I is a small phase 

shift,and this spurious effect may even dominate the measurement of the high im- 

pedance. This is what appears to have happened in our measurenents. In our ex- 

periment, the tue. sample resistance is between two and five orders of magnitude 

greater than the capacitive reactance. Thus a very small phase shift can cause the 

error in the indicated sample resistance to dominate the real sample resistance. 

There are two possible sources of this error. The cables which are used to 

carry signals to a remote sample and back to the bridge may introduce a phase 

shift.  If one makes the assumptions that there is a perfect mismatch between 

cableB and sample and if one assumes that the cables are not lossy, there will 

be no phase shift in the cables, although there will be an amplitude difference 

between the ends of each cable (this correction has been made). The first assumption 

above is known to be fairly good; the cable impedance is 17,1 Cl while the minimum 

// 



sample impedance is ~ 3000 P and usually much higher« Furthennore, a correction 

for phase changes due to imperfec". reflections at sample-cable interface has been 

applied to some of the measurements and has been found to be negligible» 

The  second assumption above, that the cables are not lossy is not as easy to 

checko According to the manufacturer, the cables should not be lossy at our 

frequencies; however, they may be,, The simplest method of determining phase 

shifts from any source in the cables appears to be measurements near the bridge 

and at the ends of the cables to determine the differences., Due to the second 

possible source of error to be described below, measurements near the bridge as well 

as those at the ends of the cables must be made witn the cables attached to the bridge. 

The second possible source of error is phase errors which should be corrected 

by the so called "three-terminal measurement»" In a transformer ratio arm bridge 

such as the B602, the series resistance of the matching transformers and stray 

inductances can cause errors if a sample jig or cables shunt the sample leads 

of the transformers to the neutral side which is used as a shield between voltage 

and current leads» It is theoretically possible to determine the stray inductances 

and series resistances of the transformers» To make the three-terminal corrections, 

it is necessary to know these values» In practice, however, it has been im- 

possible so for to determine these values within a factor of two. We are presently 

making further measurements to see if we can resolve this difficulty. Even if this 

does not prove feasible, it should be possible to determine the three-terminal errors 

due to the shunting effect of the cables by attaching the cables while taking 

measurements and determining the resulting changes in the observed sample impedance. 

Tbis may have the disadvantage that it is dependent on the magnitude of the 

sample impedance. 

In addition to the possibility of errors due to loading of the transformers 

by the cables, it is possible that the sample itself is loading the transformers. 

■Ulis may be possible because we are attempting to use the bridge in a manner in 

vhich it was not intended to be used. In order to increase the sensitivity of the 

bridge to the sample resistance, we have connected the sample to terminals for a 

range for which the sample has too low a capacitive reactance. To balance the 

bridge in this mode of operation, we have connected a capacitor to the standards side 

of the bridge to cancel the excess out-of-phase signals. The result may be that the 
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large out-of-phaee currents may be saturating the transfonners and thus causing a 

spurious reading. If this is in fact happening, it may te observable by varying 

the applied voltage ana looking for shif.s in the indicated impedances. We still 

need to make this check. 
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We have set up a procedure vhereby a cheap, pemanent record of the acoustic 

pulses used in sound speed measurementB may be easily obtained. The  10 MHz 

signal is reduced by sampling techniques to a 10Hz signal which is then recorded 

on a strip chart recorder. Time measurements are derived from a time mark 

generator and superposed on the paper chart. Pulse shape, echo delays, etc. may 

then be taken from the chart at leisure and are subject to inspection if questions 

arise. These records do not improve on photographic records but are somewhat 
easier to handle. 

The  technique is illustrated in Fig. IIJ-l vhere the lower sawtooth is the 

oscilloscope sweep and the upper is the signal to be c.udied. The central 

trace is obtained as shown by the sampling device and provides an 8:1 expansion 

in the sketch. Figure III-2 is a s^plified block diagram, with time reference 
generator omitted. 

The  third figure shows two traces with the timing pulses and acoustic 

echos superposed. Simple measurements of the position of one cycle within a 

pulse with respect to a nearby time pulse are required to obtain the tiae interval 

between pulses and, therefrom, the sound speed. 

This procedure will be employed in pressure studies on compressibility. 
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