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INTRODUCTION 

The purpose of this research was to determine the predominant 

mode of conduction — whether by electrons or holes — and the position 

of tine impurity energy levels in two semiconductors* Information of 

this sort is most commonly obtained from curves showing the dependence 

of the absolute resistivity on temperature and from measurements of 

the Hall effect. This approach has been followed in the present 

investigation of manganese selenide and manganese tolluride, with 

special attention being given to a certain lack of retracability of 

the resistance curves over the cooling and warming portions of the 

temperature cycle when the cooling is carried below a certain range. 

Anomalies of this kind, known as thermal hysteresis, have been found 

in the susceptibility curves of manganese selenide by R* Lindsay? and 

others and in the resistance curves of brominated selenium by Blackburn-*-. 

The term semiconductor was originally applied to solids whose 

conductivity was intermediate between that of an insulator and that of 

a metalj i. e,, in the range from 1<T^ ohm--*- cm#--*- to 10? ohm-3- cm.--*- 

at room temperature.^ Both of the substances here under investigation 

have conductivities well between these limits. Compounds associated 

with this range of conductivity are comprised almost without exception 

of elements which are not restricted to accurately defined combining 

proportions in the formation process. The conductivity of these sub¬ 

stances shows strong dependence on temperature and on the stoichiometric 

ratio of the constituent elements, a behavior which is quite well 
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explained by present theories. 

The mechanism of semiconduction is best understood by considering 

its departure from the electrical behavior of substances which are 

perfect insulators at room temperature. In such substances the electron 

energy levels are grouped in widely separated bands, the highest occupied 

band at room temperature corresponding to the energy levels of the 

valence electrons. At some distance above this valence or "filled" 

band lies the conduction band, a virtual continuum of allowed energy 

states which at room temperature are vacant. These two bands are 

separated by a range of forbidden energies. So long as the valence 

structure of the atoms is complete, the valence-bond band is completely- 

filled and all valence electrons are contained in this band. Conduction 

is possible only if an appreciable number of electrons is sufficiently 

excited to be raised to the conduction level. "Intrinsic" conduction 

is produced in this way. It becomes significant only at temperatures 

well above room temperature. 

With the introduction into such an insulator of atoms which, because 

of an excess or deficiency of valence shell electrons, cannot fit into 

the valence structure of the original material, new energy levels are 

made available in the forbidden region to accomodate the surplus elec¬ 

trons in the case of an excess or the "holes" in the case of a deficiency. 

Tiie excess electron levels lie a distance below the conduction level 

which is small compared to the spacing between the valence and conduction 

levels. At absolute zero temperature, in accordance vdth the Pauli 
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5 exclusion principle, the excess electrons fall into these impurity levels 

which are the lowest ones available to them. They are bound to the 

"donor” impurity atoms by the residual positive nuclear charge which is 

not neutralised by the normal complement of valence electrons. At room 

temperature, however, most of the excess electrons are excited into the 

conduction band, thereby producing the phenomenon of electronic or 

"n-type" semiconduction. Similarly the hole levels lie slightly above 

the valence-bond band. Since the nuclear charge of the "acceptor" 

impurity atom is insufficient to neutralize a normal share of valence 

electrons, an impurity atom with its valence-bond structure complete 

can attract a positive charge. Holes in the valence-bond band behave 

in many respects like positive charges, and thus arise the raised valence 

electron levels which correspond to the acceptor impurity states. At 

absolute zero all the acceptor levels are occupied hy holes; that is, 

all the electron deficiencies are localized at the impurity atoms. At 

room temperature substantially all these levels are occupied by electrons 

excited from the valence-bond band; i. e. most of the holes have jumped 

to the valence levels. Holes in the valence-bond band can travel from 

one atom to another much like an electron, thereby producing hole or 

"p-type" semiconduction. 

The conductivity of semiconductors obeys the formula ^ 

etn/int |OyUp) (l) 

where e is the electronic gharge, n the density of electrons in the 

conduction band, p the density of holes in the valence-bond band,y4„ and 
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tho mobilities of the electrons and holes respectively. The density 

of electrons in the conduction band or of holes in the valence-bond band 

at any temperature T can be derived from the Feimi-Dirac statistics and 

analysis of the density of quantum states in the conduction or valence- 

bond band. This yields accordingly 

there Nc and Nv are the effective densities of quantum states in the 

conduction and valence-bond bands respectively, <St the lower limit of 

the conduction band, <5 v the upper limit of the valence-bond band, £t 

the Fermi level of the Ferad-Dirac distribution function, and m the mass 

of the electron. The independence of n of the concentration of impur¬ 

ities is obvious if it is assumed that this formula holds only for 

temperatures at which the number of electrons in the donor levels is 

not so depleted by excitation that the fraction of filled conduction 

levels is no longer free to obey Fermi-Dirac statistics. The quantity 

<5 P , essentially a constant in metals, is rather strongly dependent 

upon temperature in semiconductors. At very low temperatures (up to 

about 10* K), cfF lies very close to the donor levels if the concentra¬ 

tion of donor impurity atoms exceeds that of the acceptors, or very 

close to the acceptor levels if the reverse condition holds. At higher 

temperatures €f shifts toward the midpoint of the forbidden energy 

(2b) 

(2a) 
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region, talcing on this position quite exactly in the intrinsic region 

since in this range conduction electrons and holes are produced In pairs 

and the Fermi-Dirac distribution function must be symmetric in the 

conduction and valence-bond bands, , 

If the concentration of impurity atoms is greatly increased, the 

density of free electrons or holes no longer follows the above depen¬ 

dence on the Maxwsll-Boltsmaxm approximation to the Fermi-Dirac statistics 

at. low temperatures. The Fermi level may at low temperatures lie above 

(fb in the case of a predominance of donor impurities or below £Y in 

the case of acceptors, and the material must be treated as a degenerate 

electron gas much like a metal. In such a substance the number of 

conducting electrons or holes is essentially constant. The Hall coef¬ 

ficient does not change greatly with temperature and the resistivity 

actually increases with higher temperature* If the concentration is not 

too great, the specimen may take on normal semiconductor behavior at 

higher temperatures, the transition temperature being regarded as that 

at which the Fermi level lies a distance kT above €c with donors (or 

below €v with acceptors). 

The mobilities Jk* and are dependent upon the mean free time, 

between collisions.and upon the effective masses of the electrons or 

holes. They ;both vary with temperature and are not in general equal, 

being almost always greater than/^ , The mean free time at room 

.temperature is determined from analysis of thermal scattering, but at 

low temperatures scattering from impurities (which act as charged centers) 
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predominates and may b® taken into account in the manner developed by 

Gonawell and ?>'teisskopf *“ for non-degenerate sesdconduetors and extended to 

degenerate cases by Johnson and ferk-Horoviig*-^ 

Measurements of conductivity cannot indicate Aether the principal 

mode of conduction is by electrons or by holesa and for this reason 

measurements of the Hall coefficient are roads. Pox'1 tills determination 

a rectangular slab of the material t&ih its long .dimension preferably 

much greater than its width is placed in a magnetic fi@M, a current is 

paused along its length and the voltage. developed transverse to the 

current is measured, fhe Hall coefficient is given in practical units 

by 

R =10*CY2-V,)T/HX = -
3± pS-"P^pZ =_sir 

H s +p/<p) e «S ('nb + ^fe WJ 

tihore ?2 i3 the potential in volts on the aide of the slab in the 

direction of I x H, that on the opposite side, f;tha thickness of 

the slab in centimeters, I the total current in amperes, 0 the field 

strength in gauss, e * +1,6 x MT19 coulomb, and ba^ , In the case 

of degenerate semiconductors the coefficient •? TT reduces to unitv. If 
<3 

it is knoim that only one type of conduction is involved,' equation (3) 

combined with oration (x) can yield both the density and type of 

carriers as well as the drift mobility. 

fh© resistivity p of a semiconductor can be advantageously repre¬ 

sented as a function, of the forts 

f -Ae 
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where £(T) is known as the activation energy. The value of fCTjean be 

easily derived from a plot of the logarithm of the resistance against 

l/T by the following formula: 

d lh R 

^T)=K7ir (4) 

where 1 is the resistance of the specimen. Attaching a physical sig¬ 

nificance to £(T)is difficult, however. At very low temperatures an 

interpretation derived from the following considerations may be employed. 

If the concentration of donor atoms is greater than that of the 

acceptors the density of excess electrons bound to the donor atoms 

is given at low temperatures (where n is negligible and p is aero) by 

»d a Nd - Na 

sine© all the hole levels are occupied by excess electrons. Prom Fermi- 

Dime statistics 

% 3 % 

O T 

f(£a) « (% - Na)/Hd 

where 

H£j)=  1  
I + exp C(f4-£r)/(cT] 

Thus 

£f = +kT l-nKl-flcmCu)] = <fd + kTlh[fNw-N.)/M.] 

Substitution of this expression for £F into equation (2a) yields 
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n s Mc (Nd - Ma)Aa exp (fj-d )/kT 

A similar expression for p in terns of <£v and (?<* , the acceptor impurity 

level, can be derived in case % exceeds Nd. If the variations of NQ 

and y«n are small at low temperatures compared to that of the exponential 

tern, j> is readily seen to vary approximately as exp (<fc- Cd )/kT, ' At 

higher temperatures the approximation that a is negligible is not valid 

and the above treatment does not provide an adequate description of the 

behavior of the resistivity. 



EXPERIMENTAL APPARATUS 

Temperature measurements were made ?&th a copper-constantan thermo- 

eouple using a potentiometer so calibrated against a 1.0165 volt standard 

cell (<f4) that its reading corresponded to 100 times the unknown poten¬ 

tial difference in volts. The circuit diagram is given in Pig, 4, The 

standard temperature junction was Immersed in a test tube filled with 

kerosene which ms surrounded by an ice bath. The thermocouple was 

calibrated against a pentane themometer at the temperature of boiling 

water, of liquid air, and at the rather constant temperature obtained 

in a mixture of dry ice and amyl acetate. The resulting plot of poten¬ 

tial difference agdinst l/T is shorn in Pig, 1, 

The specimens of manganese selenide and manganese telluride were 

prepared by Dr, K. K* Kelly of the Bureau of Manes in the manner des¬ 

cribed in reference 4. Both materials are a dark gray coarse powder, 

the grains being about one millimeter in diameter, 

A major problem was that of connecting two conducting leads to the 

individual grains which were used as specimens. The method found to be 

most convenient and to yield the most stable connections is as follows. 

Two parallel strips of ordinary solder were separated by a Incite 

insulator and the ends flattened into thin sheets. To the other ends 

of the solder strips copper wires were soldered. The specimen was placed 

between the thin sheets and held there by slight pressure while successive 

sparks from the discharge of two 4/(f condensers at a potential of 400 

volts were allowed to pass across the gap containing the specimen. In 
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this manner the specimen was fused to the thin sheets and durable 

connections resulted. A top view of the solder strips and thin sheets 

holding a specimen of manganese telluride is shown in the photomicro¬ 

graph Fig, 2a. Fig, 2b is a side view of the solder specimen holder 

and shows the position of the thermocouple junction. The magnification 

of both photomicrographs is ten times. 

Resistance measurements were made with a Leeds and Horthrop dial 

type YJheatstone bridge. The sensitivity of the galvanometer '.ms great 

fmM- 
enough that no adjustment of the absolute values of the^resistance arms 

was needed for any of the resistances measured, «r. **'■. ? J* -v< v 

Several methods of making the necessary contacts for measuring the 

Hall coefficient were tried. The first attempt consisted of coating the 

two short edges of a somewhat flat rectangular piece of manganese selenide 

with indium solder and then soldering a very fine copper wire to each 

of these coated edges. This provided the terminals through which current 

was to be supplied. A small patch of indium solder was then soldered to 

the center of each of the two long sided and a fine copper wire soldered 

to this patch. This provided the terminals for measuring the Hall e. m. f. 

The resistance across either set of terminals vas, however, too large to 

make the required measurements possible or to even indicate satisfactory 

contacts. A second method involved heating a fine platinum wire almost 

to its melting point by a current and placing this wire against the 

manganese selenide specimen. The wire would often fuse to the specimen, 

but the first such fusion seemed to so change the surface of the specimen 
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that further fusions wore impossible. 

The method which finally produced satisfactory contacts made use 

of indium solder and its unusual property of cohering to glass. For the 

manganese selenide two pieces of indium solder were soldered to a glass 

slide against two opposite sides of a thin rectangular specimen. The 

extremely malleable pieces of solder were then pressed by a small chisel 

against the edges of the specimen until good electrical contacts were 

made, These formed the current electrodes. The Hall electrodes con¬ 

sisted of strips of phosphor-bronze which were imbedded in pieces of 

indium soldered to the glass and which pressed against the centers of 

the remaining two edges of the specimen. A copper wire was then soldered 

to each of the four pieces of indium, A photomicrograph of the resulting 

specimen mounting is shown in Fig, 3a. Magnification is ten times. . The 

resistance between the Hall electrodes was about seven times that between 

the current electrodes. 

The manganese telluride specimen for these measurements was mounted 

in a similar manner, except that the phosphor-bronze electrodes were 

replaced by pieces of indium solder drawn thin so as to make contact 

with the specimen at a small point. This method reduced the ratio of 

Hall electrode to current electrode resistances to about three. A photo¬ 

micrograph of the mounting, magnified ten times, is shorn in Fig. 3b. 

The Hall e. m. f. was measured by a 2300 ohm Leeds and Northrop 

potentiometer using as a voltage source the potential from a 1,5 volt 

dry cell in conjunction with another potentiometer which made possible • 
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variations in the source voltage. The circuit is shovrn in Fig. 5. 

Included in the arrangement was a Wheatstone Bridge for measuring the 

resistance between the current electrodes. 

The magnetic field for measurements of both the Hall coefficient 

and the magnetoresistanee of the specimens ms provided by a Weiss 

magnet at a field strength of 7500 gauss. 
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EXPERIMENTAL PROCEDURE 

A. Resistance Measurements 

The specimen holder together v&th the thermocouple junction was 

placed in a glass tube which was in turn placed in a Dewar flask. Liquid 

air was injected a little at a time to cool the specimen. Cooling gener¬ 

ally required from two to three hours. The specimen was allowed to 

remain at the temperature of liquid air for periods varying from two 

hours for normal mins to from twelve to fourteen hours for certain others# 

The wanning process usually required from eight to twelve hours. All 

processes were conducted slowly in order to allow the wphase” or lattice 

alterations, which are believed to be responsible for the thermal hys¬ 

teresis effects, to proceed to completion. Resistance and thermocouple 

readings were taken at various points along the cooling and warming 

cycle. In the low resistivity manganese telluride specimens correction 

was made for the resistance of the leads. Ho current greater than 

5 milliamperes was allowed to pass through the specimen in order to 

avoid Joule heating. 

Magnetoresistance measurements were made at only two temperatures: 

room temperature and that of liquid air. These two temperatures were 

chosen because they were the only ones which could be maintained with 

sufficient constancy to prevent the magneto resistance effect front being 

masked by slight resistance variations of thermal origin. In these 

determinations the resistance of the specimen was first measured rdthout 

a magnetic field. Hie galvanometer deflection produced by a magnetic 
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field first parallel and then perpendicular to the direction of the 

current in the specimen was then measured. The galvanometer deflection 

produced by a known change of resistance in the variable am of the 

Wheatstone bridge vaas also determined. Since no galvanometer deflection 

was observed when the magnetic field ms applied to either the manganese 

selenide or manganese telluride, the minimum galvanometer deflection 

which could be detected was estimated and thus an upper limit could be 

placed on the size of the magnetoresistance effect. The experimental 

arrangement is shorn in Pig. 4. 

B. Hall Coefficient Measurements 

Measurements of the Hall effect were carried out using the experi¬ 

mental arrangement shown in Fig. 5. A current of approximately 5 milli- 

ampsres was passed through the specimen and in the manganese telluride 

measurement was controlled by the variable resistor Hi. The potentio¬ 

meter was then adjusted to balance out the voltage between the two Hall 

electrodes where no magnetic field acted* This is developed because the 

two electrodes do not lie on precise equipotential surfaces. The 

magnetic fieldtas then applied and the galvanometer deflection was 

measured. These readings were made both;at room temperature and at the 

temperature off liquid air. They were conducted with the specimen in an 

atmosphere of helium to prevent the condensation of water on the specimen. 

No change of behavior was observed when the helium was not used, however. 

In the course of these measurements the resistance between the current 

electrodes was measured with the Wheatstone bridge shown in Fig. 5. In 
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both the magnetoresistance and Hall effect measurements the galvanometer 

was never in the circuit at the moment the magnetic field was applied 

in order to eliminate inductive effects. 



RESULTS 

A* Manganese Selenide 

Plots of resistance versus l/T for various runs made on two specimens 

are shown in Figs. 6 through 10* The first run on the first specimen 

is shown in Pig. 6. The path followed on the warming portion of the 

cycle is not that followed on the cooling portion* The activation energy, 

as calculated from equation (4),varies from a value of *125 electron volt 

at room temperature to a value of *0068 electron volt at the temperature 

of liquid air, both values being derived from the cooling curve* The 

waradng portion of the curve was extended to the temperature of 100° G 

by the introduction of boiling water into the Dewar flask. No change 

of behavior from that followed at room temperature was detected, however. 

Fig. 7 was obtained from two successive runs on the same specimen and 

indicates the relation to each other which two such curves observe. 

Curve A begins with the cooling which followed the heating to 100° 0. 

Fig, 8 shows the initial cooling and warming curve for specimen 11, 

A premature warming prevented many intermediate points from being recorded 

on the warming curve, but the curve drawn is believed to approximate the 

actual one quite closely. The sharp rise in resistance at room temper¬ 

ature occurred over a period of days and is thought to be the result of 

a loosening of the contacts. No similar resistance jumps were ever 

observed in subsequent work. The specimen was left at the temperature 

of liquid ^air^for twelve hours in order to determine whether or not 

prolonged cooling had a significant effect on the difference between 
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the initial and final room temperature resistance. Indications are 

evident that allowing the specimen to remain at the temperature of liquid 

air for more than one hour has little effect on the degree of the resulting 

hysteresis, A sudden cooling and wanning of specimen I, however, produced 

no change in the room temperature resistance. Figs. 9 and 10 are the 

result of effort to determine if a specific temperature exists for which 

the curves cease to be reversible. Coolings to -11* C, -50* C, -75* C, 

and -104 ° C (not shown) yielded no detectable hysteresis. Cooling to 

-130* C (Fig* 9) showed a slight hysteresis effect and cooling to -158 * C 

indicated a somewhat larger one* Tiius it is probable that the degree of 

hysteresis is proportional to the lowest temperature attained during the 

course of cooling or to the amount of time the specimen remains below 

a certain temperature, and that no temperature can be assigned as a 

lower limit for reversibility. 

It will be noted that specimen II showed behavior which differed 

markedly from that of specimen I, 'The activation energy at room 

temperature m3 ,071 electron volt, little more than half that of 

specimen I. The activation energy of specimen II at the temperature of 

liquid air was .0021 electron volt. It is obvious from a comparison of 

Pigs, 6 and 8 that the activation energy does not vary with temperature 

in the same way in the two specimens. These disparities are due most 

likely to a difference in impurity content of the two specimens, a 

quantity which was unknown but which from a description of the formation 

process is believed not to be homogeneous, 
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An estimate was made of the absolute resistivity of manganese 

selenide by determining the dimensions of a specimen from observation 

under a microscope* Treating the specimen as a rectangular prism,, a 

value of 3 x 10^ ohm cm, at room temperature was obtained. As a result 

of the approximations .made, this value may be in error by as much as a 

factor of two. 

Mo magnetoresistance effect could be detected for manganese selenide. 

Assuming a two millimeter galvanometer deflection could be detected, it 

was established that A B/fi - 2 x 10”^ at room temperature for a field 

strength of 7500 gauss, where A R is the change in resistance produced 

by the magnetic field. An equal value was obtained at the temperature 

of liquid air. 

Because of the high resistivity of manganese selenide, measurements 

of the Hall coefficient were made difficult at room temperature and 

impossible at low temperatures. Unsteadiness of the contacts at room 

temperature made it possible only to put an upper limit on the sise of • 

the effect* This upper limit was secured in the following manner, The 

current necessary to produce a 5 cm. galvanometer deflection was found 

to be 3,4 x 1Q~® amp. The resistance between the Hall electrodes plus 

that of the galvanometer was found to be (1223 x 10) + 5&7 - 1237 x 10 

ohms. From this the voltage necessaiy to produce a deflection of 5 cm. 

was found to be 1,03 x 10“3 volt. Because of the unsteadiness 5 cm. was 

taken as the minimum, displacement which could be detected in a measure¬ 

ment of the Hall effect, and thus this voltage could be regarded as the 

minimum Hall e. m. f. The thickness of the specimen was found to be 
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*04 cm* and from equation (3) l%l £ 9 x 10 em.-V coulomb at room temp¬ 

erature* 

B. Manganese Telluride 

Pigs* 11 and 12 show plots of resistance against l/T for too specimens 

of manganese telluride. Both specimens had negative activation energies 

(if such quantities can be actually called activation energies), and 

behaved much like a metal. Such a feature in the temperature range 

from room temperature to that of liquid air has also been observed by 

Squire**^ It is probably the result of an impurity concentration so 

lax'ge that the substance can be regarded as a degenerate semiconductor, 

•Hie curves of both specimens bear a similarity to those obtained by 

Pearson and Bardeen 7 for degenerate samples of silicon-phosphorus 

alloys. Curve A in Pig. 11 represents the first cooling of specimen I* 

The activation energy at room temperature is -,047 electron volt and at 

the temperature of liquid air -.0034 electron volt. The specimen in 

curve A was allowed to remain at liquid air temperature for fourteen 

hours and showed definite hysteresis effects. In curve B the same 

specimen was allowed to remain at liquid air temperature for only the 

normal period of about two hours. Fig, 12 shows a similar curve for 

another specimen. The activation energy at room temperature of specimen II 

is -.079 electron volt, at the temperature of liquid air -.0021,electron 

volt. Hence the activation energies vary with the specimen in manganese 

telluride also. 

Absolute resistivity measurements made in a manner identical to 
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that described' for manganese selenitic indicated an approximate value of 

y = 1*0 ohm cm, 

Mo magnetoresistance effect was detected for manganese tellnride. 

Assuming, because of greater steadiness, that a one millimeter galvan¬ 

ometer deflection could be detected, AB,/R< 1,2 x XQ-^ at room temper¬ 

ature and AB/H < 4 x 10”^* at the temperature of liquid'air. 

The low resistivity of manganese telluride made possible accurate 

measurements of the rather small Hall coefficient both at room temper¬ 

ature and at the temperature of liqiiid air. The thickness of the 

specimen was .07 cm. The value of the Hall coefficient at room temper¬ 

ature was ftjj » +.6 cm.^/coulombj at the temperature of liquid air 

% » +2,'6 cm.^/couloiab. A Hall coefficient of ,2. cm,'^/coulomb, corres¬ 

ponding to a galvanometer displacement of one millimeter, could be 

detected. Since b, the ratio of the mobilities of electrons to holes, 

is usually greater than one, it may be assumed from equation (3) that 

hole conduction predominates over the entire temperature range inves¬ 

tigated. 
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SAMPLE CALCULATIONS 

A. Activation Energy 

£(T) = KT d In R 
d *4 

k a 8.64 electron volts deg."^ 

Prom Fig* 6 at room temperature 

d '/T 

Hence for manganese eelenidej at room temperature 

£C0= (8,64 x XO^^eiectron volt deg,’*2-) (1,44 x 10' deg.) 

a ,125 electron volt 

B, Hall Coefficient 

Bata: Manganese teHuride at temperature of liquid air 

I V Change of Potentiometer Galvan, Defl. Change 
(nsa) (volts) Hdg* Required to Produce from Hall Poten. 

IQ cm, Galvan, Defl. Effect (cm,) Rdg, 

5.0 -.015 .0149 -1.4 -.0021 

(The sign of V is determined by the position of the potentiometer voltage 

source switch as indicated in Pig. 5. The sign of the galvanometer 

deflection is plus or minus according to whether correction for it pro¬ 

duces a positive or negative change in the potentiometer reading.) 

The thickness of the specimen is ,07 cm. If the magnetic field is 

directed as shorn in Fig. 5, the direction of I xH is dovaivrard. Hence 

?2 - Fx in equation (3) corresponds to E, m, f.+ - E. m, f. The maxi¬ 

mum potentiometer reading is 2,300, Unis 
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! 

- Vn = -.015 volt -.0021 = + 1.4 X 10“5 volt 
“ 2,300 

Substitution into equation (3) yields 

R„ „ 10^ (.1,4 X lO~5mltl ( .WcmA t.S cm.3/coulomb. H (75OO gauss) (5.0 x 10“3aap.) 

- 22 - 
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COHCIUSIONS 

A. Manganese Sclenide 

X. It is a high resistivity, non-degenerate semiconductor*, 

2. The activation energy at any specific temperature and the be¬ 

havior of the activation energy with temperature varies with the 

specimen, thus indicating a strong dependence upon impurity content, 

3. The activation energy drops sharply over a somewhat small 

temperature range at low temperature, the actual location of this range 

varying with the specimen. This indicates that the material may enter 

a region of slight degeneracy at some low temperature, the particular 

temperature depending upon the specific impurity content of the specimen 

(as may be concluded from the striking similarity of Pigs, 6 and 9)* 

4. Thermal hysteresis is in evidence in the resistance curves and 

is probably the result of lattice modifications which proceed slowly at 

low temperature. Ho critical temperature for which the curves cease to 

be retracable can be conclusively established, 

- B, Manganese Telluride 
i 

1, It behaves like a low resistivity, highly degenerate semiconductor. 

2, Its activation energy is negative at all temperatures between room 

temperature and that of liquid air. The activation energy varies with the 

specimen and becomes less negative at lower temperatures, 

3. Thennal hysteresis is observed in the resistance curves and is 

likewise probably the result of lattice modifications, 

4. The predominant mode of conduction is by holes. 
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