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The present invention relates to electric switching cir-
cuits which are suitable for use among other applications
as gating circuits in, for example, electric computing and
calculating apparatus. - The -invention . also relates to
switching networks including a plurality of such circhits.

The circuits according to: the present invention make
use of non-linear resistance elements of a kind which will
be referred to in this specification as “constant voltage
elements.” These “constant voltage elements” are ones
having a current/voltage ' characteristic such that with
increase of current in either direction through ‘the ele-
ment the voltage across it effectively reaches a satura-
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tion value beyond which it does not increase as the cur-

rent increases. If currents in opposite directions ‘are
regarded as being of opposite sign, such elements have
positive and negative saturation voltages +Vg and —Vg,
respectively which will usually but not always be of equal
‘magnitude. This fogether with the actual magnitudes
of the saturation voltages will depend in any particular
case on the construction and/or the matenal of ‘the ele-
ment concerned.

In particular “constant voltage elements” may be con-
structed ‘of material such as silicon carbide or cadmium
sulphide having a current/voltage characteristic of the
form J=kVm where 1 is the current, V the voltage, k
a constant and m an indéx greater than three. ~ Other
examples of “constant voltage elements”
Zener diodes connected back-to-back, or ‘an element of
semi-conducting matemal and .including two opposed
Zener junctions.

According to the present invention an electric sw1tch-
ing circuit comprises a network of three or more con-
stant voltage elements, each having one terminal con-
nected to a separate input-and the other terminal con-
nected to a connection common to all the elements;, a
separate switching voltage source associated with each
input and adapted to apply to it one or either of two pre-
determined voltages which have: the same values for
every source, and two voltage discriminator circuits- cou-
pled to said common connection, one arranged to deliver
an output signal in response to the voltage condition on
said common connection occurring when one of the two
predetermined voltages is applied to all the inputs and the
other arranged to deliver:an output signal in response to
the voltage condition on .said common connection oc-
curring when the other of the two predetermined volt-
ages is applied to all the inputs,

In a simple case, the two predetermined voltages may
be a voltage V and zero voltage, the voltage conditions
on the common connection when the inputs are all at
voltage 'V or zero voltage, then bemg respectwely the
voltage V and zero.

Each voltage discriminator may simply compnse a
diode having one pole connected to the common connec-
tion, ‘means for applying a bias potential to the other
pole of the diode and an output coupled to said other

pole of the diode, the polarity of the diode and the mag- -

nitude and polarity of the bias potential being such that
the diode conducts in operation only when the -appro-
priate voltage condition occurs on the common connec-
tion.” In a case where one of said predetermined volf-
ages is zero, the diodes of the two discriminator circuits
may have opposite poles connected to the common con-
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nection, the bias potentials then being of the same polar-
ity, one greater than the largest possible intermediate
voltage condition -on the ‘common connection and: the
other smaller than the smallest possible intermediate
voltage condition on the common connection.

According to a feature of the present invention two or
more of the elements are formed by a single piece of
non-linear resistance material having a plurality of me-
tallic electrodes suitably arranged onits surfaces.. The
piece of material may be in the form of a wafer having
a single electrode on one major face electrically con-
nected to said .common connection and having two or
more spaced electrodes on its other major face at posi-
tions opposite the electrode on the one face, each spaced
electrode having a separate electrical connection to it.
Alternatively the piece of material may be in the form
of a wafer or block having one electrode on a surface
thereof common to all the elements:and connected -to
said common connection and two or more other elec-
trodes, one for each element, on the same surface each
similarly spaced from the one electrode.

Usually the elements of a circuit will be nominally
identical, “that is to say identical within the limits of
manufacturmg tolerances, although in some cases one or
afsmall number may dlﬁer in a manner descnbed herein-
after.

The present invention also provides electric switching
networks comprising a’ plurality of switching circuits
as set out above. ' Such networks may for example be or
form part of the ‘arithmetic units of electfonic calculat-
ing and computing apparatus, or the function decoding
networks, control circuits for sub-routines, or timing
pulse generation networks of electronic computing ap-
These networks may also find application as
signal translating networks for example for translating
binary coded signals to decimal signals.

An example of an electric switching circuit according
to the present invention together with examples of its
application will now be described with reference to the
accompanying drawings in which:

FIGURE 1 shows a circuit diagram of the switching
circuit;

FIGURE 2 shows waveforms illustrating the operatlon .
of the circuit of FIGURE 1; .

FIGURE 3 shows the current voltage characteristic
‘of a typical “constant voltage element”;

. 'FIGURE 4 shows a plan view of a non-linear resistance
wafer arranged to form a plurality of constant voltage
elements;

FIGURE 5 shows a section” at the lme 5—5'in FIG-
URE 4;

FIGURE 6:shows a plan view of an alternatlve form
of non-linear resistance” wafer;

FIGURE 7. shows' the circuit dlagram ‘of an adder

-employing switching circuits as shown in FIGURE 1 and

FIGURE 8 shows the circuit diagram ‘of a-decoder

(for a ceded pulse signal system) employmg sw1tchmg
circuits-as shown in FIGURE 1.

Referring first to FIGURE 1, the circuit of a threeé i in-
put switching circuit is shown. - This includes three con-
stant voltage elements LA, 1B and 1C having a common
connection 2 connected to their terminals at one ‘end

-and separate input leads 3, 4 and 5 respectively connected

to their other terminals, Switching voltage sources 3A, 4A

voltage discriminator circuits, one comprising a diode 7,

70

a resistor 8, a bias voltage source 9 and an output lead
10 and the other comprising a diode 11,. 2 resistor 12,

-a bias voltage source 13 and an output lead 14, .are con-

nected to the common connection-2. - Output - circuits
10A and 14A which may for example be: further gating
circuits or amplifiers are connected to leads 10 and 14.
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The constant voltage elements 1A, 1B and 1C may for
example have a current/voltage characteristic of the
form I=kV™ where the value of the index m is greater
than three. The form of such a characteristic is shown
approximately in FIGURE 3.

If a switching voltage of V volts is applied to one
of ‘the inputs leads 3-5 from the corresponding one of
the sources 3A-5A, the lead 3 for example, whilst the
other two leads 4 and 5 are maintained at zero voltage,
the common connection 2 will take up a voltage inter-
mediate- between V and zero, the particular value being
determined by the characteristics of the elements JA-1C.
The current flowing in the element A will in this case
divide equally between the elements 1B and 1C. If now
the voltage V is applied to two leads simultaneously, leads
3 and 4 for example, whilst the other is maintained at
zero voltage, the voltage on the common connection 2
will take up a slightly higher intermediate value, again
determined by the characteristics of the elements 1A~1C.
In this case the currents flowing through the elements
1A and 1B will be combined to flow through the ele-
ment 1C. Finally, if all three sources 3A-5A apply a
voltage V to the corresponding one of the leads 3-5,
the common connection 2 will take up the voltage V.
It will be understood that in the above explanation it has
been assumed that the sources 3A-5A are low impedance
sources.

‘For pulsed switching voltages, the voltage conditions
on the connection 2 corresponding {o the three cases of
one. lead two leads and three leads energised by a pulse
of peak voltage V are shown in FIGURE 2, the voltage
pulses 15, 16 and 17 in order representing the three con-
ditions. Where the characteristics of the elements 1A~
1C have an index m equal to four, the three voltages
can be shown by calculation ideally to the 0.46V, 0.54V
and 1.0V respectively, these amplitudes being shown- ap-
proximately in FIGURE 2.

Referring again to FIGURE 1, the bias source 9 of
the upper discriminator circuit which source is shown
diagrammatically as a- battery but may of course take
other more convenient forms, provides a voltage of ap-
proximately 24V (for the case m=4) and the diode 7
has its positive pole connected to the connection 2. Con-
sidering the three different input conditions, only that
when all three leads 3-5 are at voltage V, will render
the diode 7 conducting as the voltages on the connection
2 in the other two cases are less than the positive bias
voltage applied to the negative pole of the diode 7.
This only when all three sources 3A-5A apply a volt-
age V to the corresponding leads 3-5, will an output
signal be passed to the output circuit 18A. Ideally the
output would be an increase of voltage by ¥V for as
long as all three leads 3-5 are at the voltage V, but
in practice this increase will be reduced by the finite value
of the resistor 8 and of the input impedance of the out-
put circuit 16A. It will be appreciated however that
even though the magnitude of the output signal may be
reduced-in consequence, the output circuit 10A. may have
a low input impedance without affecting the operation
-of the gate circnit formed by the elements TA-1C.

- 'On the ‘other hand, the bias source 13 provides a volt-
age of approximately ¥5V (again for the case m=4)
and the diode 11 has its negative pole connected to
.the common -connection 2. Thus only if the voltage
on- the ‘connection 2 is less than ¥4V, i.e. when all three
leads are at zero voltage, is the diode 11 rendered con-
ducting and an output signal applied to the circuit 14A.
> It will thus:be seen that the circuit shown in FIGURE
1 provides an output signal on one output lead, the lead -
10, 11 all three input leads 3-5 are at voltage V and an
‘output signal on another output lead, the lead 14, if all
threéare at zero voltage. _

" The action of the two discriminator circuits is illus-
“trated in FIGURE 2 by the dotted lines representing ‘the
‘yoltages 15V and %3V. N
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In the above description, explanation has been con-
fined to the case where the input voltages are confined
to the two predetermined values V and zero. Whilst
they must always be confined to two predetermined volt-
ages, these may be selected in accordance with require-
ments and need not be confined to this particular case,
subject of course to the necessary adjustments to the
magnitudes of the bias voltages of the discriminators
and/or the polarities of the diodes and the bias sources.

The switching circuits described above may be em-
ployed simply as gate circuits which provide alternative
outputs when signals of one kind are applied to all the
inputs and signals of a second kind are applied to all
the inputs. If, however, a switching voltage, as opposed
to a signal voltage, is applied to one input of, say, a
four-element circuit, this voltage can be used to control
the operation of .the circuit in so far as it is acting as
a gate circuit for the signal voltages applied to the
other three. Thus, for example, taking the simple case
where the predetermined voltages are V and zero, if the
switching voltage is V, the circuit acts as a three AND-
gate to the signals applied to the other three inputs
since an output can only be obtained if all three are
at voltage V. Similarly, if the switching voltage is
changed to zero, the circuit becomes a three NOT-gate.
If the switching voltage input is left disconnected, the
element concerned takes no part in the operation of the
circuit which thus operates in the normal way giving
different outputs for all signals present or all absent.

Advantageously. the three elements 1A-1C may be
formed by a construction involving a single wafer of non-
linear resistanice material. Thus as shown in FIGURES 4
and 5, a single thin wafer of non-linear material has
three separate electrodes, referenced 3, 4 and 5 to corre-
spond to the leads 3—5 which are soldered to them on one
face and a single electrode on the other face, referenced
2 to correspond to the common -connection 2 which is
soldered to it. Application of a voltage to any one of
the electrodes 3-5 causes current to flow through the
thickness of the disc 1 to the electrode 2, the spacing of
the electrodes 3-5 being sufficient to render conduction
between them negligible.

A further wafer incorporating all three elements 1A-1C
is shown in FIGURE 6 in which the corrésponding parts
have been given the same references as in FIGURES 4
and 5.  In this case, all the electrodes 2 and 3-5 are on
one face of the wafer 1 which may therefore be of any
convenient thickness and supported by any convenient
substratum or support. As will be seen, the three sectors
forming the electrode 2 are each provided with circumfer-
entially extending fingers which are interlaced with similar
fingers on the electrodes 3-5 to increase the conduction
between the electrodes.

As stated above, non-linear resistance material is used
in the elements 1A-1C and this may have a characteristic
of the form I=k¥Vm, m being 3 or more over the range of
voltage to be -applied in operation, Silicon carbide is a
material in this class and the dimensions of the elements
whether they are constructed individually or of a wafer
forming several elements as shown in FIGURES 4-6, can
be chosen so that the characteristic has an index greater
than three for the voltage intended to be applied in opera-
tion. Compressed cadmium sulphide is another material
which can be employed and appears suitable for low volt-
ages. Other compressed materials can be chosen appro-
priate to the voltages at which it is required to operate.

Elements or multiple elements constructed in the man-
ner of those described with reference to FIGURES 4-6,
may conveniently: be -manufactured by depositing a thin
film of the non-linear material on a metal substratum.
For example, cadmium sulphide or granular silicon might
be deposited on the substratum in suspension in an in-
Silicon carbide
discs might be prepared in ceramic form by the usual firing
process. - Electrodes may be formed on the surfaces of
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the bodies-by printing, spraying or evaporation or by any
of the techniques used in the printed circuitry art. - The
electrodes may be formed on one or both sides of a Wafer
as required.

Often the materials concemed not .only have -a non-
linear resistance characteristic but have been found, at
least when subjected to pulsed switching voltages, to have
a non-linear capacitance characteristic also. . In such: a
case, the current components both in phase and leading an
applied voltage increase with the voltage according to a
power theréof which is greater than one. This is'of con-
siderable advantage in the preservation of pulse shape
where it is required to use the elements in switching cir-
cuits for operation at pulse repetition frequencies of 1
mc./s. or higher and pulse rise tlmes of the order of 50
millimicroseconds.

Other elements which may be employed are a palr of
Zener diodes connected back-to-back or a single element
of semi-conducting material incorporating two Zener junc-
tions.  Such elements have sharply defined saturation volt-
ages at which the current rises very steeply to large values
for a small incrcease in voltage.

Whilst reference has been made above to a sw1tchmg
circuit involving three elements 1A-1C, and precise volt-
age levels are given only for the case m equal to four.: It
will be understood however that the number of elements
may be increased at will; as indicated by the one extra
element shown in dotted lines in FIGURE 1, and that m
takes other values. In all cases, however, the interme-
diate voltage levels on-the common connection, resulting
from one up to (n—1), (where n is the total number of
elements and switching voltage sources) ‘'of the input leads
being held at voltage V are spaced further from. the
voltages V and zero ideally occurring when all or more of
the inputs are energised than would be the case with
linear resistance elements. This greatly facilitates the
operation of the voltage discriminator circuits. " The lat-
ter, in the general case and assuming biased diode dis-
criminators are employed; are set so that the diodes re-
main. non-conducting except in the respective extreme
cases.

Where there are n elements, the worst case to be dis-
criminated against isthat in which (n—1) out of » inputs
are ‘at voltage V. This will give a voltage v on the com-
‘mon connection of:

V.(n—1)lUm
I+ @—1)=
It can thus be seen that with fourth power law material,

even if n is as large as ten, v is only approximately 0.63V,
so that the upper voltage discriminator could still operate

L o=
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convenient ' to use one or more elements in which the
“resistance” (this being used to denote the quantity 1/k
of the characteristic equation I=k¥™) is an integral frac-
tion: of that of the remainder of the elements.. Such an
element acts’ as the equivalent of the integral number
of elements 'cach with the same voltages applied. Thus
an element with half the resistance acts as the equiva-
lent of two elements with the full resistance and so on.
Unlike many diode gates it is-to be noted that in gat-
ing circuits according to the invention no power is dis-
sipated in the constant voltage elements save when input
voltages are applied, thus saving on power supplies and
diminishing heating effects, a feature of considerable im-
portance when gates are only occasionally in service as
is often' the case in. complex gating -systems. )
Examples of application ‘of the basic switching cir-
cuit shown in FIGURE 1 will now be described. A
binary adder circuit employing the switching circuit of
FIGURE 1 'to form gating circuits, is shown in FIG-
URE 7. It will be understood that, in well-known man-
ner, the circuit ‘shown in FIGURE 7 may operate suc-

~ cessively on the corresponding digits of two binary num-
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with a bias of 24V although a slightly higher one would .

be ‘preferable. With linear: material, in the same case,
v=0.9V and discrimination would be difficult.

In addition, the tolerance to variation:in the nominally
identical characteristics of the elements is large.
n gate having a voltage V applied to (n—1) elements and
zero voltage applied to the other, one of the: elements to
-which a voltage V is applied being only 50% of standard,
will be equivalent to applying 2 voltage V to n inputs of an
(n+1) gate having standard components. . Such a gate
will operate satisfactorily. If, however, one of the ele-
ments-is- 100% above standard the maximum voltage v
on the common connection in a case when no output is
‘required will occur when a voltage V is applied to (n—1)
inputs, those being the inputs associated with all the ele-
.ments except this one. - The r gate then behaves similarly
to a (2n—1) gate containing standard value elements and
with a voltage V applied to 2(n—1) elements. - Hence a
bias level set to discriminate for a (2n—1) gate would still
be operative with any one element —50% or 4-100%
standard.

""In general, the elements of a circuit. will be: as nearly
identical - as possible: within the limits of manufacturing
tolerances.. In some cases, however, it may be found

b5
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18-21,

is-a one.-

bers fed to it in serial order, any carry digit resulting
from the addition in one denomination being fed back
to the appropriate input at the same time as the digits
of the -next higher denomination, for example through a
delay device. "Equally. the digits 'of the binary numbers
may be fed to-a series of such circuits simultaneously,
there being a single circuit for each denomination and
any.carry digit from one denomination being fed to the

-appropriate .input of the circuit for the next higher de-

nomination. In either case the operation of the circuit
to add the corresponding digits A and B of the binary
numbers. together with the carry digit C from the next
lower denomination is the same.

It is assumed that-besides signals representing the
binary digits A,:B and C inthe normal way. (i.e. volt-
age V representing a binary one and zero voltage-a binary
zero), the inverse voltages A, B and T are also avail-

able, as is the case in many computing and calculating

apparatus, where a voltage V represents a binary zero

as the -digit concerned and zero .voltage represents -a

binary one. Where the signal sources, for example, in-
clude flip-flops which change state accordmg to whether

the digit registered is one or zero, the inverse voltages

may be derived from the opposite side of the flip-flop to
the un-inverted digit s1gnal
The circuit shown in FIGURE 7 mcludes five three-

element wafers 1822 (three separate elements may be

substituted in éach case if desired)  each constituted in
the manner- shown in FIGURE 4. The voltage dis-
criminator circuits are partly common to the five wafers,
a single resistor 8, output lead 10 and bias source 9
(of voltage 25V) being provided for the diodes 7 con-
nected to the common connections 2 of the wafers
Similarly a single resistor 12, output lead 14
and bias source 13 (of voltage 14V) is provided for

‘the diodes 11 connected to the common' connections 2

of the wafers 1820 and 22. The signals applied to
‘the various, input leads are indicated simply by the one

of the symbols A, B, C, A, B and C written .in the

block representing. the switching signal source connected
to each lead. ~ The output circuits are: also represented
generally as blocks. 10A and 11A and may take any suit-

-able form.

The sum output 51gnal from the c1rcu1t appears on the
output lead -14 and: must occur whenever all three of
the digits A, B and C is a one'or when only one of them
It 'will be seen. that the three:wafers 18-20
each . have as their three inputs the three possible com-

‘binations of two digit signals.and one inverse- d1g1t sig-

- .nal. - In each case the diode 11 will conduct, giving an

75

output - signal, if .all three inputs are zero. voltage, this

occurring in the three cases when the digit of which the
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inverse signal is applied is a one and the other two are
zero. The remaining diode 11 is connected to the wafer
22 which has all three inverse signals applied to it, so
that the diode 11 will conduct giving an output signal
if all three digits are one.

A carry output signal which is generated on the lead
10, is required if two or three of the digits are one. The
. condition of two digits being one will cause the diode

7 associated with the appropriate one of the wafers

18-20 to conduct, giving an output signal on the lead

10. In addition, the wafer 21 has the three digit signal

voltages applied to its input leads, the associated diode

7 therefore conducting to give an output signal on the

lead 10 if all three digits are one.

If in every case the inverse of the input signals shown
in FIGURE 7 are applied to the input leads, a sum out-
put signal will be produced as a positive signal on the
lead- 19- instead of a negative one on the lead 14, the
carry output appearing as a negative signal on the lead
14 instead of a positive one on lead 16.

As a further example, FIGURE 8 shows a circuit
for decoding three-element binary coded pulse signals,
that is to say, signals in which values are represented
by binary pulse groups in which pulses appear at some
or all of three pulse positions, representing when they
do so, the decimal values 1, 2 and 4. The circuit shown
operates to produce the decimal equavalent of a pulse
group as represented by a signal appearing on the ap-
propriate one of eight output leads each associated with
one of the decimal values 0-7.

As in the adding circuit of FIGURE 7, three-element
gating circuits are employed, one for each of the four
stages 26-29 of the decoding circuit.” As in that case,
the three elements may be formed by a single wafer or
they may be separate according to requirements. The
three pulse positions of a binary group are designated A,
B and C and it is assumed that the pulses of a group
appear simultaneously from different pulse input sources,
a binary one being represented by voltage V-and a zero
by zero voltage. As in FIGURE 7, it is assumed that
the inverse input voltages A, B and C are also avail-
able from separate sources. In addition common bias
sources 9 and 13 are provided for the two discrimi-
nators of such stage.

The three input leads of the stage 26 are coupled, as
indicated, to the sources of signals A, B and C. The
diode 7 will conduct giving an output signal on the lead

190, if the three inputs are voltage V, ie. if A=1, B=1
and C=0. The equivalent decimal value will be 14+2=3.
The diode 11 of the same stage 26 will conduct giving
an output signal on the lead 14 if all three input voltages
are zero, i.e. if 4=0, B=0 and C=1. The equivalent
decimal value will be 4.

In each of the other stages 27-29 a different combina-
tion of inputs is applied A, B and C to the stage 27, &, B
and C to the stage 28 and A, B and C to the stage 29,
output signals being produced on the output leads 19 or
14 representmg the equivalent decimal values 5, 2, 6, 1,
7 and 0 in order as indicated in FIGURE 8. Output cir-
cuits of known form are connected to the leads 10 and 14,
for example relay circuits responding to a pulse on the
associated lead to take up an actuated condition, to reg-
ister the equivalent decimal value of each input pulse
group as it is received.

It will be appreciated that a similar, though more com-

plex circuit may be provided for binary pulse groups hav-
Jing four pulse positions and representing the decimal num-
bers 0-9. Four-element gate circuits would be required
however,

In the applications described, the use of gating circuits
according to the present invention allows an economy to
be exercised in the amount of equipment that has to be
provided for a given purpose, since each circuit can pro-
vide two outputs representing different input conditions.
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Whilst only two applications of switching circuits ac-
cording to the present invention have been described, it
will be appreciated that many others are possible. For
example circuits for effecting other arithmetical opera-
tions than addition, for example subtraction and multi-
plication, may employ these switching circuits, as also
may translating networks for converting signals in one
form to another and swiiching networks for selectively
coupling one or a series of signal input terminals to one
or a series of output terminals, In addition whilst both
applications described above are in relation to computing
or calculating apparatus, these switching circuits .may
equally find application for example in telecommunica-
tions equipment and particularly in electronic switching
systems for telephone systems.

I claim:

1. An electric switching circuit comprising a network
of at least three constant voltage elements each having a
first and second terminal, the network having a separate
input for each element connected to the first terminal
thereof and a common connection connected to all the
second terminals, said elements each comprising solid re-
sistive material having a non-linear resistance character-
istic in which the ratio of voltage to current varies as a
power law greater than 3 and having metallic electrodes
in intimate non-rectifying contact therewith so as to allow
of bi-directional conductivity, a separate switching volt-
age source associated with each network input and adapted
to apply to it either of two predetermined voltages which
have the same values for every source, and two discrimi-
nators each connected to said common connection to pro-
vide an output signal when the majority of said voltage
sources apply one of said predetermined voltages, and
the other output signal when the majority of said voltage
sources apply the other of said predeftermmed voltages.

2. An electric switching circuit comprising a network of
at least three comstant voltage elements each -having a
first and second terminal, the network having a separate
input for each element connected to the first terminal
thereof and a common connection connected to -all the
second terminals, said elements each comprising a- pair
of Zener diodes connected in series and back to back so
as to allow a bi-directional conductivity, a separate
switching voltage source asociated with each network in-
put and adapted to apply to it either of two predeter-
mined voltages which have the same values for every
source, and two discriminators each connected to said
common connection to provide an output signal when the
majority of said voltage sources apply one of said prede-
termined voltages, and the other output signal when the
majority of said voltage sources apply the other of said
predetermined voltages.

3. An electric switching circuit according to claim 1
in which each voltage discriminator comprises a diode
having one pole connected to the common connection,
means for applying a bias potential to the other pole of
the diode and an output ¢oupled to said other pole of the
diode, the polarity of the diode and the magnitude ‘and
polarity of the bias potential being such that the diode
conducts in operation only when the appropriate voltage
condition occurs on the common connection.

4. An electric switching circuit according to claim 3
in which one of said predetermined voltages is ‘zero and
the diodes of the two discriminator circuits have opposite
poles connected to the common connection and the bias
potentials are of the same polarity, one greater than the
largest possible intermediate voltage condition on -the
common connection and the other smaller than the small-
est: possible intermediate voltage condmon on the com-
mon connection,

5. An electric switching circuit according to clalm 1in
which at least two of the elements are formed by a single’
piece of non-linear resistance material having a plurality
of metallic electrodes on its surfaces.

6. An electri¢ sw1tch1ng circuit- ‘according to clalm 5
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in which the piece of material is in the form of a wafer
having a single electrode on one major face electrically
conected to said common connection and having at least
two spaced electrodes on its other major face at positions
opposite to:the electrode on the one. face, each spaced
electrode having a separate electrical connection to-it.

7. An electric switching circuit according to claim ' §
in ‘which'the piece of material is'in the form of a wafer
having one electrode on a surface thereof common to all
the elements and connected to said common connection
and at least two other electrodes, one for each element,
on the same surface each: similarly spaced from the one
electrode. . i

8. An electric switching circuit according to claim 7
in which the one electrode has at least two equal sector
shaped portions radiating from a central portion and each
of said other electrodes is positioned in the gap between
two of the sector shaped portions,

9. An electric switching circuit according ‘to claim 7
in which the one electrode has at least two equal sector
shaped portions radiating from equal angular spacings
and each-of said other electrodes is positioned in the gap
between two of the sector shaped portions.
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10. An’ electric switching circuit according to claim 8
in which the electrodes all have projecting tongues, those
on said one electrode being interlaced with those on the
other electrodes.

11.-An electric switching circuit according to claim 1
in ‘which all the elements are nominally identical.

12. An electric switching circuit according to claim 1
in which the constant voltage elements comprise a non-
linear resistance material selected from the following ma-
terials silicon carbide, granular silicon and compressed
cadmium sulphide.
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