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A SYMMETRICAL ROUTE SWITCH FOR ELECTRONICS

HE logic relation ‘exactly two of a.b.c,
are true’, or ({(a,b,c,)), can perform atl
standard logic functions: forexample, a=not b
is ({T,a,b )) where T denotes true
This enables the consideration of a new
approach to circuiiry also. We can move to
see how relational approaches differ from
standard ones Suppose the function ‘a im-
plies " is T = ¢ is required to have imple-
mentation 'We may then use the symbol in
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Fig. 1to denote ((a b,c.)).

The network in Fig. 2 will perform this
task That is, ({u.d.e)), ((b.d ), ((e LAY},
((fh c)). since a implies b is troe, is equiva-
lent to ({— a) v k) is true, the auxiliary con-
dition ¢ = 1 ot T together with our NOT
function above gives OR and NOT, from
which all functional logic can becreated. Each
cellis almostequivalent to the XOR function,
but, since XOR cannot create all logic alone,
ourrelational system is simpler and more pow-
erful, since it can

2
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This logic system can be amended some-
what to provide a practical type of circuit
element The essence of the system consists
of asymmetrical element with three wires and
the rule that only two of the wires can carry
current in either direction at any one time
That is, the circuit appears as a pi circuit in
which exactly one of the three impedances
has a fow value at any one time *At any one
time” isimportant Fhere will be someimpedance
to the low state, but this impedance can be
relatively low Thus, we have a dynamic
new type of circuit element The rule is that
the middle voltage on the three wires is the
high-impedance input. We may make the low
impedance a partially linear function of high
impedance voltage if required.

We may be keen on this apprdach for
various reasons: one of them is symmetry, an-
other is operational simplicity. The manu-
facture of devices that are both logic and
analogue is straightforward. The devices
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themselves would not he suitable for very high
speeds untit much development work is done,
but this is not often a requirement

The increased flexibility of use is a great
advantage; for example, three-phase oscii-
lators where the high impedance rotates about
the device are possible Many other stan-
dard approaches become simpler and with the
devices any active circuit function, except the
diode and very high speed, can be carried
out In theory, they can also be made {0 have
no supply lines as operational amplifiers do,
but the stability of this approachrequires anal-
ysis Thus, the distinct possibility exists of a
new and useful three-wire device: the
Symmetrical Route Switch—SR:S.

Liberation from directivity

The advantage of these devices is that they
can be connected any way round atail Thus,
electronic methods can be non-directive in
the sense that once a low-impedance link is
established between two parts of the circuit,
current can flow either way This totally
symmetrical property is new for an active
element with three wires (the group of
Symmetiies is S3}

The ability to rearrange elements in this
way isa very considerable advantage The de-
vices can be used for tinear or digital appli-
cation and are, therefore, apart from speed,
more powerful than transistors. The powet
of the system lies in the fact that only ca-
pacitors, resistors, diodes and SRSs are re-
quired for circuit implementation {the occa-
sional use of inductance, aithough rare, is
not ruled out). )

One more factor is that the device can float
at any potential and is, therefore, free from
the restrictions that separate power lines to
the device impose {this would be difficult to
achieve at low voltages, but then SRSs with
separate power lines would be used). Thus,
the device defines its own relative levels
and will not fail, as opamps do, when inputs

are at disparate levels from the output

3
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In other words, however complex the inte-
rior of the device, its behaviour is still in-
trinsicatly simple and the designer’s friend

One symmetrical route switch can serve
as the active element in a circuit that oscil-
lates while rotating the high impedance op-
tion about the centre of the device—see Fig 3
Inthiscircuit, on turn-on, Dis highimpedance
so that C; is charged first uniil the voltage at
D is greater than that at E, whereupon E be-
comes the high impedance and C; will be
charged while the voltage across C; drops.
If the values are chosen properly, Cs is the
next capucilor 1o be charged snd the vollage
on F increases The cycle then begins again.
In that way, a very simple one-device oscit-
lator circuit has been designed

One device and perhaps six resistors and
three capacitors is a component count that
could be reduced if a slightly different oper-
ation is required, say. not such a symmetri-
cal wave Therefore, although one-transis-
tor, coil-less oscillators can be designed, the
circuit in Fig 3 has a more predictable and
usable response and can thus be used as re-
quired That done, other circuits can be com-
pleted for similar purposes

Now, the linear use

Continuify

[r: order to use a symmetrical route switch
for linear applications. we must bias the mid-
dle electrode so that it rernains high impedance
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The circuit would then appear as shown in
Fig 4 Note that the low impedance is di-
rectly proportional to the input voliage and
steps must, therefore, be taken Lo prevent pos-
itive feedback Apart fromthose requirements,
the circuit is standard The main point to




SCIENCE & IECHNOLOGY

make here though is that this is not the best
utilization of asymmetrical route switch, since
the sixfold symmetry is not used But it must
be said that linear amplification over the
natural range of use of the device can be ob-
tained Multi-stage amplifiers with or with-
out feedback can be built with the device
We thus already have dual types of opera-
tion: logical and linear

Promotion

The reason that such a system should be pro-
moted is clear: simplification  Although in
extreme applications like very fast switch-
ing ot low-noise amplifiers the SRS is prob-
ably best replaced, the neat and interesting
possibilities the SRS creates suggest that it
should ascend from the status of a theoreti-
cal curiosily to that of practical implemen-
tation.

One ditficulty of the common transistor

is that at the end of its standard range of op-
erating conditions there is not always any dis-
continuous change into another mode, thus
indicating a fault

The system itself can be designed eco-
nomically Let &V, W be the voltages at the
three electrodes and [ the current in the con-
ducting branch Then,

V+ W-20 = V+ Il tanh{aVy)
U+ W-2V= I tanhioV) -V,
U+ V-2W=V,—|/|tanh(av)

where / = aV; = c(V-1))

or = [(2V-U-W)/2}
¢ = gain
tanh(x) = (ev—e=0)/(e*+e™r)

[for transistor]
{for SRS

These equationsare included to give some
idea of how a relational law can be defined
With this approach the SRS can easily be
modelled on a computer The device is non-
linear over a wide range with this law but
linear over a small range of signal inputs
Whelther or not designers wish to appreciate
the flexibility of the SRS depends on how
skilful they are and, of course, on the cost of
the device. In order to present a unified ap-
proach of relational logic and relational am-
plification in one object, it may be true and
it must be admitted that many extreme ac-
tive circuit functions cannot be performed
by this device, but the very great advantage

5

of flexibility coupled with symmetry should
not be ignored
Infact these devicescan be scaled up when-
ever required and will prove useful at any
scale Design techniques are very different
and in a-sense relational, not functional
Also. the positive feedback feature makes
for more rather than fewer usefui circuits
Another oscitlator circunit—a refaxation
type—is shownin Fig 5 This type can have
an ‘amplifier’ positively coupled back to a
shunt capacitor over any number of stages,
since all stages in the SRS’s ‘common-cmit-
ter-like’ configuration have positive feedback
The chief strength of the SRS is for cur-
rent routeing, which will be reverted to later
However, the ease with which either os-
cillators or amplifiers can be made is en-
couraging and leads one to speculate on how
active electronics would have turned out il
active devices had originally had ‘in-phase’
output and input

Transformation

A transtormation that mirrors the behaviour
of the symmetrical route switch with cne
electrode at high impedance is the follow-
ing: v =15, (between the common efec-
trode and the high impedance electrode,
where v is 1eferred to either the mid-volt-
age of the output electrodes or the voltage
on one of them) and R = Ry, is the {vari-
able) resistance of the low-impedance {out-
put) electrode and the common electrode

R=Ry+{1-ooyu/(1 + 1) + aw

where v is again referred to either the mid-
voltage of the output electrodes or the volt-
age on of them, ¢ is the gain and u = (on )00

The use of a formula like this makes de-
signwork easy. The formulaischesen to have
an almost perfect ramp before cut-off when
the outputelectrode become high impedance:
achange of state Anexplicitformulacaneas-
ily be written into a computer program _ after
which a simulation can be run and new cir-
cuits tried out The juxtaposition and con-
nection of many such circuits can be simu-
lated Relational rather than functional think-
ing can be difficult to get accustomed to, but
in the phase shift oscillator of Fig. 6 the

o/P

ease of operation makes sense. Although
this is a good example of the SRS used func-
tionally, this really does not exploit the spe-
cial properties of the circuit InFig 7. how-
ever, our previous oscitlator circuit produces
a much better example of the use of a sym-
metrical route switch, since the switch is

+—(Dtov
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used symmetrically

However, symmelrical use does involve
a switching operation in the SRS and is thus
not suitable for most lingar citcuits An ex-
ception may hemade [orsomeclass D orpush-
pull amplifiers. The distinction between lin-
ear and non-linear operation is also usually
the distinction between stabie use where
small inputs produce small outputs and un-
stable use where a change of stale in the de-
vice may occur. Class D amplilicrs produce

8
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quasi-linear operation out of extremely non-
linear components. The ramp function of
our SRS combines both modes of opera-
tian—but may the elfective slope of the am-
plification be changed? The best linea use
ofany symmetiical route switch is withacon-
stant current tail of. say. current / when

Vo = iR = iR, +iaVy,

under these conditions of linear use—see
Fig 8. Connecting a feedback impedance
R with feedback factor 1/n we find

du = V,,/n
so that
Vou = H{ R + a(Vy, + Vi)

In other words. the output resistance and the
effective transconductance arc increased;
the gain of the stage incieases also and is
usefully a function of /. the quiescent cur-
rent The factor {/n depends linearly on R)
so that we may replace R by another suit-
able SRS to obtain a stage with negative
gain. Thus, whenmore than one SRS is used—
see Fig. 9—we have the capability of build-
ing an inverling stage: with constant current
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supplies, the linearity can be very good
Buffer stages

The symmetrical route switch is naturally suit-
able us a buffer stage when it is used lineatly—
but. ol course. this is not the best use be-
cause the fexibility ol the device is ignored
Foir good linearity, a constant-cugrent stage
can be used: the linearity of the SRSsis a
direct function of the quality of the constant
current supply This fact and the symmetry
of the high-impedance input connection means
that stages can be paralleled for lower impedance
o1 be put in series with no great problems as
long as the input electrode sits at the correct
pioint with respect 1o the output electrodes
Even this feature is simpler on the SRS be-
cause, as long as the voltage on the inputelec-
twode lies between the voltage of the output
electrodes, the behaviour will be linear at
all times {given that the voltage is ‘one stde’
of midway)

To reduce the cuiput impedance of a tran-
sistor stage tolow values, an emitter-follower
is used: a circuit with negative feedback
which similarly has non-lincarity The use
of negative feedback is possibie for the SRS
when the input voltage is nearer the more neg-
ative ‘through’ electrode, because the gain
is then negative and a simple impedance is
enough. A diagram of the series connection
is given in Fig 10

10
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For the reason just given, a ‘switching’
symmettical route switch can make an ideal
method forshunting out large currents. A'suit-
able circuit is shown in Fig 11 Assume
the lefi-hand side of this to be temporarily
positive: as the current increases, the voli-
age across the low resistance increases also
until the knee voltage of diode Dris reached

Since the citeuit is symmetrical under
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some conditiens, the same approach will
work for alternating current also: a simple de-
sign for use with this case when the compo-
neni values are correctly chosen is shown in
Fig 12

12
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Routes

The name symmetrical route switch sug-
gests also that they can be used for signal
routeing: a task they are ideally suited for.
Consider the simple arrangement in Fig 13

13 AC

B
Zn
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While electrode B has a voltage between
that of A and C, the signal will actuate load
7 But when the voltage on electrode B is
above that on A and C, the signal is dissi-
pated in matched load Zy The advantage is
atmost perfect matching Practical circuits for
AC and DC are given in Fig 14

Designing a bistable from symmetrical
route switches in conventional ways is pos-
sible but clumsy; a bistabie based on an SRS
on-impedance of 10 € is shown in Fig 15
With 4 5 passive components per active de-
vice, this circuit is not very practical. The
circuit in Fig 16, however, is, mainly be-
cause it has greater natural stability

14
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The symmetrical route switch combines
a non-linear function, as required for switch-
ing and for load and power supply protec-
tion, with at least two kinds of linear func-
tion: transistor-like and symmetrical input
function referred to midpoint, when required
Thus, two distinct circait operations are com-
bined in one circuit. Look inside many hi-fi
amplifiers and you will see that until recendy
small relays were used for protection on over-
load. The symmetrical route switch com-
bines this function also, because, although it
is a three-terminal device, the control con-
nection {at very high impedance with respect
1o the others) controls the output impedance
Hence, one device can perform all fogie, lin-
ear action and protective switching

16
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The route ahead

Integration of circuits has led to a large pin-
outl count on many integrated circuits. fol-
lowed by a partial reduction Some useful 1Cs
are three-terminal devices, usually unsym-
metrical and polarized. although a few are
symmetrical The symmetrical route switch
is the first three-terminal device capable of
logic and linear action, which can be in-
serted any way into a circuit The power it
takes is absorbed from the current through the
output irnpedance

control

.large
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