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The auth.r has clarified the nonlinearity of
the V- I (voltage vs. current) characteristics

of Ag2S powder compressed into a disc shape (14･5m叫･ 5mm tbicbness)I when
a pair of

brass electrode
are attached to the both sides of thedisc element and

AC voltage of 60 Hz is

applied･ It is shown that the element
can be used

as a switching element in the electric power

applications such
as electric power fuses･

Tbe authors also succeeded
in deriving a theoretical equation for the nonlinear V-I

characteristics by assuming the phase transition phenomenon of Ag2S from P-to a-phase takes

place in the channel-like conducting Fart
formed in the element･

The theoretical equation agreed very satisfactory with the actual measured values
at the

ele▲▲ユentSurrounding
temperature of near

room temperature･ In this paper the agreement

between the theoretical equation and a set of measured values
is examined for different

surrounding temperature from the cryogenic
temperature attained by liquid nitrogen

to phase

transition temperature of Ag2S (179oC).

It is concluded that the derived equation shows satisfactory agreementwith
the measured

values within the error range of physical constants･

INTRODUCTION

ロnder the phase transition
temperatur 179oC from

β-to α-phase Ag2S has resistance with a negative

temperature coe缶cient peculior to semiconductors･

which is about lx10-i/OC for room temperature･

Tbe resistance decreases by three digits at the

transition point, above which α-Agュs
has very small

resistivity of about lO~3 32･cm and shows metalic

con血ctivity with
a slight positive temperature coe伍-

cient.

Tbe author
has published a paper "Non linear

Characteristics of Agュs Element used in some Power

Device", which is contained to this paper
to investigate

the agreement between the theoretical equation pro･

posed by the authors and actual experimental values

at the element surrounding temperature ranglng from

the nitrogen cryogenic
temperature to 179oC, assuming

the internal formation of conducting channel.

Ag2S is a sort of amorphous semiconductor with
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the physical constants as shown in
Table I･ so that

the physical clari丘cation of
the V- i characteristics

and its mechanism is very lmpOrtant from the view･

points of switching characteristics of amorphous semi-

conductors. This study also aims at
development of

new potential application of Ag2S
to protective ele･

ments for the low-temperature cable systems･

EXPERIMENTAL EQUIPMENTS AND METIIOD

OF MEASUREMENT

poⅦder of Ag2S is compressed
to shape

a disc

type of diameter
35mm, wbicb is inserted

between a

upper and lower brass electrcde of 14mm and
20mm

diameter respectively･ The gap
length as shown

in

Fig. 1 is held at 5mm in order to eliminate the surface

nashover phenomena･
The element is maintained at

low temperature as shown in Fig･ 2･
Fig･ 2-A shows

the con丘guration of the equipment
tO maintain the

low temperature between GcC and the temperature of

dry Ice and Fig･ 2-B shows the equlpment
for the
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Table I Physical Constants of Ag2S

termi.

thermometer

termi.

ofACofAC
～.I.､L:--i..

●◆■●
～l..-

.●

dryice

OrーCe

A.gz-

･{-.{.

T
-ヽ

2

v/1/

｢3_l
∴.:-.i.J:J:.ミ;.I::...:

EJ

1.Ag∠S E一ement

2.upper EJectrode

3.Lower EJectrode

41bakelite
Fig. 1 Element of Ag2S and electrode of

brass

cryogenic
temperature range nslng liquid nitrogen･

Extreme attension is paid
to the measurement of

v- I characteristics
in order to eliminate the leakage

current paths, since the V- I characteristics should
be
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Fig. 2 Tbe con丘guration of

the experiment A;

Tbe equlpment for

the low temperature

between OoC and the

temperature of dry

ice B; The equlpment

for the cryogenic

temperature



名古屋工業大学学報 第28巻(1976)

Ag21S
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Fig. 3 Experimental circuits A; Circuit for the room

temperature and the low temperture, B; Circuit

for the cryogenic temperature

determined by the internal current of the element. It

is Ⅱecessary to apply AC voltage of several times of

lOKV to the element at the cryogenic temperature

ranges, SO that a special measurlng Circuit shown in

Fig 3-B is used in this case. The circuit shown in

･Fig･
3-A is su氏cient

in the other cases, since the ap･

T)lied voltage is low. Static voltmater is used to mea.

sure the applied voltage.

V- I CHARACTERISTICS OF ELEMENT

Tbe curves A and B in Fig. 4 shows the v-I

characteristics of Ag2S element shown in Fig. 1 at

room temperature 16oC usmg the circuit of Fig. 3-A.

The characteristic curves vary with different shapes

･of the elements･
The curves A and B correspond to

the disc shaped Ag2S elernents of the diameter 14mm

and thickness 5mm and that of Fig. 1 respectively.
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貯ig･ 4 The V-1 characteristics of Ag2S element

sbown in Fig. 1
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Fig. 6 A set of scattering Value of Vm to number

of measurements

Both curves show the
typical switching characteristics･

It is also known that Agュs elements have a property

in taking different trajectories for increasing and de･

creaslng voltage.

Tbe measurlng are Carried about 30 times uslng

many elements aこd the relationship
between the mea-

suring number and the transition voltage Vm
is

plotted in Fig･ 5 to show the distribution within
a

certain range of 8uctuation.

Tbe outcomes of the experiments are then ex･

pressed by
a histogram as Fig･ 7-A･ The distribution

of Vm can be approximated by a normal distribution

with the
mean value V彬0-43.75 〔V〕･

Secondly, the element of Fig. 1
is immersed in

liquid nitrogen
as shown Fig 2-B and

kept in Dewar

to measure V-I characteristics. It is observed.
in this
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Fig. 7 The histogram of V.,

A; Experimental restilts of Fig.
5

B: Experimental results of Fig. 6

Fig. 8 The photograph o王thc
ctu,rent trace on the surfaces of Ag2S element

A; Upper side of
the Ag2S element shown Fig･ 1

B; Down Side of the same element

case, that the phase traDSiticn voltage is very high and

climbs up
to 200 times of

Vm at room temperature･

The number of measurments in this case is 52

and the number and l㌔ are plotted in Fig. 6, which

shows
a set of scatterlng Values of Vn,. The relation･

ship between V.. and the measurment number are

expressed
in the form of a上listogram as Fig･ 7-B･

The distribution can be approximated
I)y a normal

distribution with a mean value l㌔o-8. 3 〔EV〕 and a

standard deviation q三1. 4〔KV〕.

In order to conBrm the location of
the cllrrent

paths
in the Ag三S elenT･entS and the tipper and

lower

electrode are taketl Out froTn liquid nitrogen to the

atmosphere and the traces on the surfaces fomed
by

the passing ctlrrent are Shown
by the pICtureS, Fig･

8-A,
-B and

Fig. 91A,
-B.

Fig. 81A
shows the trace

developed on the sur･

face of the Ag2S element of
Fig. 1 after an experi･

ment and a trace of the current path coused
by the

phase traTISition is
found in the follow･
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A B

Fig･ 9 The photograph of the ctlrrent trace OZl the surfaces of brass electrode
A; Traces

of the currellt Of the

B; Traces of the curre71t Of the

Fig. 8-B shovs a trace on the backside
of the

6ame e]eme11t and a discolored current trace distrib⊂卜

lion
around the central part i5 recognized.

Fig･ 9-A shows the lower side of the uppeTelec-

tTOde
with discolored circle on tlle edge of the elec-

trode showing the current trace. Fig. 9-a
shows the

current trace o†l the surface of the lower electrode

attached to the element and a number of concentrated

current traces are recognized on the right upper part

cf the ele(,trode.

These pictures of resulting trace justify the au-

thor's theory that the current paths are assumed to

be formed in the internal part of the Ag2S elements

and the path
do not go through the elements uniformly

but through a certain channel-shaped.:onductirLg Path

DERIVAT10N OF TEEORETICAL EQtJATIOhT

As discussed in detail in the reference [1〕,

Wager's theory, which
is well known as a thermal

breakdown theory in the 601id insulater is applied

to the internal current conduction property of Ages.

rt is assumed that there is a path in the eleTr]ent

placed
between the upper and lower electrode from

th巳eVery beginning and the path
has higher condtlC-

tivity for uneven local current. With this assumption.

it may be well estimated that the path has
higher

temperature increaslng Speed compared to the other-

part and thus forms a channel･Iike conductive path

by the hightemperattlre and high current density.

Neglecting the therⅡ1al difftlSion to the direction

oE the axis (I axis) of the chamlel part.
Eq. (1) is

obtained by considering the thermal difftlSicn to the

radius direction.

r筈+ヰ若+o124qocaT首-cp昔(1)

upper electrode of Fig. 1

lower electrode of
Fig. 1

Table II De丘山tion of Symbols
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Sym bols I De血itions

Temperature ill an Ag三S elemerLt

Distance from the center of an Ag:S
element

fleat
conductivitity

Irregularity factor oL electric condllC-
tivity

Electric
conductivity at ToC

Thickness of all AgヱS element

lrnpressed Voltage (rms Qf AC)

Speci丘c heat

Density of AgzS

room temera壬ure

Table Ⅱ shows the deflnition of symbols of the equ･

ation (1). Althot]gh Eq. (1) is a general equation, it

is assumed here that the all injected Joule'5 heat into

the element is approximately ccnsuTrled cnly by the

temperature rise in the chaI】nel part.

In this case, only the third ter7T) in Eq(1) remains

alld the time application of vol三晶ge V is given by eq.

(2).

lD-
cpL2e一肌

0. 24Poo l′之α

h Eq･ (2). by 良.1bstituting C-0,06, p-7,3,

1-O.5, Er-0.856, and qo-1014･3 the relationship

between V and the surrounding temperature Tc can

be obtained for geven to.

For
exatnple, Iet the phase transition time

to-5〔s〕. In this case,

loglO V-2. 26-0. 012Tc

ぜto-20〔5〕,

IoglD V-1. 96-0. 012 Tc

As is shown. there
is a linear relationship between

log10 V and Tc.
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COMPARISON OF EXPERIMENT WITH THEORY

As discribed in cbapter 3, a set of experiments

is carried out for different surrounding temperature

of a wide range such as Tc-16oC (room temperature),

Tc-179oC (phase transition temperature) and Tc-

196oC (liquid nitrogen), and each measured Vm of

V-I characteristics is plotted with logVm as ordinate

agalnSt Tc as abscissa. In almost linear relation shown

by the line A in Fig. 10 is obtained.
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Fig･ 10 Theoretical results and experimental data of

the characteristics line of log l㌦-Tc

Tbe line B in Fig. 10 is attained by plotting Fq.

(4). The line obtained by the experiments does not

agree with the line B by theoretical calculation com･

pletely.

If the theoretical equation, however, takes the

form as expressed by the following equation (5) in･

stead of Eq. (4), both lines can agr占e completely

witll each other.

loglO V-1. 8810. 011Tc (5)

If Eq.(4) is modi鮎d to coincide with the theore･

tical Eq･ (5), a set of constants substituted into Eq.

(2) toyield Eq.(4) bavetobe changed much or less.

After calculation, the constants used in Eq. (4)

listed in the second column of Table Ⅱ are modified

to those in the third column in order to obtain agree一

血ent with Eq.(5).

Table Ill Comparison between theoretical and ex･

perimental values

DISCロSSION

According to Fig. 10, it is observed that the di-

fference between the line A and B is approximately

negligible and on the other hand, the theoretical γol_

tage is bigber than the experimental voltage ㌔ at

the cryogenic temperature.

Tbe disagreement Of this amount, however, call

be attributed to the slight difference in the physical

constants, (α,qo, etc.) ofAg2S as shown in Table Ⅱ.

It is
quite reasonable to conclude that the varia-

tion in the physical constants is within an acceptable

reglOn, Since the Ag2S material is different from a lot

to the other and it is coIICluded tbat 也e theoretical

equation of the characteristics derived by the author's

agrees with the actual measured values.
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