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TITLE : IMPEDANCE MODULATION SIGNALLING

DESCRIPTION

FIELD OF THE INVENTION

This invention relates to signalling and has arisen in
relation to electrical high speed digital communication but is
not limited to such application.
BACKGROUND TO THE INVENTION

Increasingly, wvery large amounts of data need to be sent
quickly and reliably, whether between eguipments over
interconnection networks or within equipments/installations of a
basically data processing nature, such as computers internally
and/or relative to associated units. Massive resources have been
devoted to speed and reliability of transmission and reception,
including formats of signhals and signalling protocols to
facilitate such communication using plectrical and optical
transmission lines, e.g. coaxial and twisted pair copper-based
and/or fibre optic cabling. Transmission lines are susceptible
to signal reflections unless terminations afford a perfect
impedance match, and impedance is affected by lengths as well as
types of transmission lines involved. Hitherto, signal
reflections have been seen as a profound problem seriously
affecting fidelity of signal transmission and reception, and
justifying great efforts to control them.
SUMMARY OF THE INVENTION

According to a first aspect of this invention signalling is
based on deliberate production and use of reflections of
transmitted signals.

This represents a radical departure from the past. Signal
reflections are automatic, and deliberate reflections are used

herein for signalling as such, including inherently for two-way
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duplex signalling. There is also highly :advantageous further use

for control/checking etc purposes with great potential impact on
reliability as well as simplification.

Two-way signalling hereof involves first signalling in one-
direction by sending signals with certainty of deliberate
reflection thus return signals related to the signals sent
according to the nature of the deliberate reflection, and second
signalling in the other direction by varying the nature of the
deliberate reflection.

The source of the first signalling will assess what is
received back corresponding to what was sent and determine the
nature of the deliberate reflection thus the signalling content.
The source of the second signalling needs only to detect what was
sent on the first signalling ' and wvary the nature of the
deliberate reflection according to the second signalling.

Basic requirement for binary data communication becomes
only for distinguishing between what is reflected for the two
binary values (0’ and ’'1’). = For the source of the first
signalling, the binary value signals will have different wvoltage
excursions suited to being assessed as aforesaid. For the source
of the second signalling there could be high deliberate
reflection for one binary value compared with low for the other
binary wvalue, even intendedly near none -~ but in practice likely
some inherent reflection, i.e. éffectivély accepting reasonable
levels of what much prior effort has gone into trying to
eliminate or take to 1lowest attainable level; indeed,
deliberately ensuring much higher levels for signalling purposes.
Moreover, actual reflection signals are readily dealt with after
it has happened and been recéived, particularly as part of
control/checking etc use made of it.

This leads to preference for signal formats for the first
signalling having successively oppositely-directed voltage
excursions for each binary value, say with different phase
relation to distinguish the two binary values, conveniently anti-

phase relation. If the successively oppositely directed voltage
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excursions for each binary value are of different polarities, and

for which the term “bipolar” is used herein, at least reduction
of DC signalling component results, down to nominally zero, in
practice minimal (subject to transmission path effects) if
nominally for the same shape of such excursions.

Specific implementations of signalling hereof involve
different signal levels applicable to three phases of bit signals
of the first signalling, specifically to extents of excursions
and also another level typically between them, preferably to mid-
way; conveniently similar opposite polarities and =zero for
bipolar bit pulses. Advantageously, the bit signal phase with
typical mid-way level is a low impedance voltage state rather
than the high impedance ‘off’ state customary for well-known tri-
state logic gating.

A second aspect of invention resides in signalling format
including prescribed intervals free of actual information signal
content, such intervals being sufficient to allow
control/checking etc functions to be done, particularly as to
signal quality. A nominally substantially constant voltage may
apply in such intervals, typically medial of said excursions,
conveniently zero and of low impedance nature at least for
bipolar bit signals.

At least for bit signals of said first signalling, such
intervals can be part of individual signal format for each binary
value, say higher excursion of one polarity followed by excursion
of opposite polarity and further followed by no excursion; or
could be after bursts of bit signals at least where, as is usual,
signals in both directions do not interfere, say a number of
successive bipolar excursion followed by -no excursion.

At least for said second signalling, particular advantage
is available for binary value signals if deliberate reflection is
by termination means affording extremes of impedance mis-
matching, namely open-circuit and short-circuit conditions; and
automatically applying one as one bit value signal and the other

as the other bit value signal. Specifié description will follow
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of open-circuit termination applied to successively bipolar

signals having anti-phase relation to bit wvalues, and voltage
value of either bit signal raised up to normally doubled by open-
circuit termination and reduced down to.normally near cancelled
by short-circuit termination. These relationships enable the
sources of the first signalling to interpret its received signals
as to binary value of the seconﬂ signal according to which of
open—circuit and short-circuit :reflections were applied for
reflection, say open-circuit for binary value ‘1’ and short-
circuit for binary value ‘0. : '

Received signals after reflection actually can indicate
correct rémote reception of first originally transmitted signals
as well as have second signallind binary wvalue readily detected,
the correct differences from what was sent being up to voltage
doubling and of same shape or down to voltage cancelling.

Moreover, correctness and quality of signalling in both
directions are inherently represented by the round-trip nature of
the signals after reflection, thus suited to checking only at the
source of first signalling. Quality can be investigated to any
desired degree or extent albeit only sensibly within the limits
of normal transmission characteristics of the connection
concerned. This is readily done relative to matching expectations
for reflected signals and/or as to shape as such relative to
first signalling format, say involving extraction of difference
due to reflection as such plus noise. Waveshapes can be
thoroughly investigated for total:excursion. Checking provisions
could, however, be much simpler, including down to reliance on
presence detection with any desired thresholding to identify bit
values of reflected signals, and checking their sequencing
relative to what was transmitted, feasibly without checking of
actual timing. '

Particularly advantageously, tHe above successively
opposite-going signal formats, - permit checking with the
availability of double~checking for successively opposite~-going

nature of signals contents, say as extracted using hybrid means.
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It is extremely unlikely that a noise $ignal would do this, at

least with spacing close enough to confuse relative to the signal
format concerned, as can be checked simply using prescribed delay
provisions. A simple suitable protocol involves detecting
direction of each excursion, preferably as polarity whether
directly or as converted from any other reference level, say by
exceeding of pre-set excursions thr;shold preferably above
expected spurious signal levels, as part-confirmation; and
occurrence of opposite excursion within a predetermined time
interval as likewise further part-~confirmation.

Useful refinements include checking symmetrical similarity
of the opposite excursions quantitatively, say using integration
of each excursion and deriving difference with checking that it
is not too high, which can be done conveniently using two
integration input stages to a differential amplifier with a
thresholded output. Other useful refinement includes checking
for a minimum time free of bit signal preceding and/or succeeding
each first or last detected excursion, which should at least
exceed said control/checking interval. A log response can
assists relative to possibly wide ranging relieved signal
strengths, say using diode clamping.

Also, it is practical to provide for adjustment of
threshold values involved, say to cope with possibly wide ranges
of round-trip signal paths; and/or c;ntrol/checking response
times also involved. This can be done using outputs of digital-
to-analog converting means that could be, or further be, subject
to software control in a topical programmable computer controlled
eguipment.

At least in these circumstances, it is wviable in at least
some applications, for complex and expensive timing provisions to
be dispensed with virtually altogether. Thus timing provisions
could essentially be limited to assessing the first transmitted
bit signal (or first group if preferred) say free of second
signalling modulation but with a particular termination with

corresponding received reflection signals. Such timing would
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then be variable at will by the transmission equipment, including

changing rate within an information bit stream, even from bit to
bit; or, and particularly advantageously, for increasing
transmission rate to what the preset’ transmission path will
reliably custom, conveniently fusing an appropriate initial
sequence of bits to speed up to féilure, then reduce the rate for
subsequent information transmission.

These checking and timing features are seen as constituting
third and fourth inventive aspects hereéf, respectively, whether
in generalised or more specific terms.

The above inventive aspects lead to systems with high
degrees of virtual internal self—iegulation free of at least some
of complexities besetting many prior systems in terms of dealing
with signal reflections, error detection whether or not extending
to correction, distribution of high speed clock timing signals,
and making provisions to compenséte for attenuation through long
runs of transmission line cabling;

In turn, this success by simplification has led to

considering another communications system problem, namely

addressing provisions so that only target equipment(s) are -

activated to receive intended transmissions. This is generally
achieved by address codes for ieach equipment concerned and
consequent  address  storing, recognition and transmission
provisions being required at each equipment concerned, at least
for so-called “ring” or “daisy—chéin” systems with each equipment
coupled to a side of a common tfansmis§ion line. Indeed, such
ring/daisy-chain systems nowadayé attract.disapproval in favour
of so-called “star” systems that tend to be much less flexible
and more expensive, at least for addition of further equipments.
The reasons are, of course, closely related to above indicated
complexities of very high speed communications systems.

According to a fifth aspect of this invention, routing
provisions rely on sending out non-address type signals that
nonetheless serve to establish desired connections between

transmitting and receiving equipments over communication
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provisions with significant commonality of transmission paths,

suitable routing means relying on values of a series/sequence of
transmitted routing bit signals and response to each routing bit
signal by individual nodes of a common transmission path,
according to state-setting means of each node.

The nodes may each constitute control of entry to a
different one of egquipments involwved (ih fact only so for true
ring or daisy-chain systems) or to a branch communication path or
spur to other equipments. The routing bit signals can be seen as
instructions representing do or don’t accept and activate
directly associated equipments or do or don’t branch to another
communication path/spur.

Suitable routing signals comprise a series of single-bit
signals one for each node to be encountered up to the target node
with each bit eliminated oxr absorbed at the node which it
instructs according to the sequence of wvalue, of the series of
single-bit signals. Complex branching and sub-branching retracks
can be negotiated in this way. Any confirmation protocols
involving transmission back of an identifier from the equipment
reached, may appear to have some equivalence prior to addressing
- but processing related to recognition in a so-called master-
and-slaves system need only be at the master equipment.

It is further the case and a sixth aspect of this invention
that continuous conducting paths established for communications
purposes, along with intentionally non-DC nature of bipolar
signalling, allow DC or low frequency AC power to be applied
anywhere and passed anywhere in the network concerned.

BRIEF DESCRIPTION OF DRAWINGS

Specific exemplary implementation.of this invention will
how be described with reference to the accompanying diagrammatic
drawings, in which

Figures 1A, B show in-principle transmission line

reflection effects for open-circuit and short-circuit

terminations;
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Figures 2A, B shows idealised waveforms for a bipolar bit

signal format, Figure 2C shows another bit-length signal,
and Figures 2D - I show multi-bit like and alternative
formats; ‘

Figure 3 indicates outline of a simple master-and-slave
interconnection network;

Figure 4 is a mostly block schematic outlining a master
equipment;

Figure 5 is a mostly circuit diagram for bit signal
receiver and check provision of Figﬁre 4;

Figure 6 is a block circuit diagram for a bit signal
generator and clock provision of Figure 4;

Figure 7 is a schematic circuit diagram for node provision
using a broadband transmission line transformer;

Figures B8R, B, C are outline diagrams for transformers
using coaxial or twisted par cable;

Figure 9 is a schematic circuit diagram for node provision
using P-channel mosfets;

Figure 10 is a schematic diagram for reflection signal
generation using bipolar transistors;

Figure 11 - is a schematic diagram for zreflection signal
generation using gallium arsenide photoelectric components;
Figure 12 indicates outline of a complex interconnection
network:;

Figure 13 is a schematic diagram for node provision
allowing two-way communication; .

Figure 14 4is a schematic circuit diagram for routing
provision;

Figure 15 shows outline for a transmission line and in-
principle waveforms at 14aA, B, C, D relevant. to source
remote signalling;

Figure 16 shows outline for a microstrip transmission line;

In the drawings, the idealised waveforms of Figures 1A and

B show a symmetrical-about-zero sinusoidal bipolar signal (11) as

affected by open-circuit or short-circuit terminations to produce
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in-phase (12) and anti-phase (13) refleoted signals resulting in

transmission line reflection affected signals with wvoltage
respectively doubled (15 in Figure 1A) or cancelled (Figure 1B),
specifically shown as 2-volts peak-to-peak as transmitted and 4-
volts peak—-to-peak or zero volts as reflection signals.

Pigures 2A, B show a preferred signal format for
implementing +this invention. This signal format involves
successive opposite-going excursions at X, Y for each of the
binary wvalues for signalling hereof in ©one direction,
specifically positive first (Figure 2AR) and negative first
(Figure 2B) for binary ‘1’ and ‘0’, respectively, in respect of
bipolar or symmetrical-about-zero sinusoidal waveforms. Figures
2A, B further show at Z a medial level <voltage component
following each bipolar component X, Y - specifically mid-way
voltage at zero and advantageocusly of a low impedance nature as
produced for use herein.

Signalling in the other direction is according to which of
open—circuit and short-circuit terminations are applied,
specifically binary ‘1’ and ‘0’ respectively, as described
relative to the drawings.

The inherent purity and smoothness of sinusoidal wave-forms
is preferred, but other signal formats could be used with
opposite going wave-~-form shapes, e.g. trapezoidal, triangular,
rectangular or variously curved rises and/or peaks and/or
returns. The medial voltage component (Z) could be anything else
readily distinguishable from the combined X, Y opposite -
excursion components, say if <desired to be additionally
meaningful; and might be utilised as herein for low impedance
zero with any such variation therefrom effectively removed, say
for its desired meaningful purpose.

Application will be considered first in terms daisy—chaiﬂ
interconnection systems of master-and-slave type, see Figure 3
for master equipment 31 and nodes 32 of or associated with slave
equipments shown interconnected daisy-chain style between master

31 and passive absorptive termination 35, by transmission line
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parts 33, specifically shown as coaxial cable with signal-

carrying central conductors 34 into and out of the master and
nodes and outer earth shielding connected together.

Turning to Figure 4, the master equipment 11 comprises a
preferably programmable clock source 41 operative at three times
intended bit rate, serial data output 42 and input 43 shown
afforded by mnicroprocessor 44, 6utput terminating resistor 45
matching characteristic impedance of the transmission line (which
need not be coaxial cable), three- level output data pulse
generator 46, input receiver 47 with’ pulse quality checking
provision, and virtual hybrid network 48. Electronic circuitry
suitable for the illustrated blocks can be implemented with
conventional integrated circuit technology.

The wvirtual hybrid network serves a similar purpose to

‘transformer hybrid couplers in early telephony, i.e. 4-wire to 2-

. wire conversion, specifically herein to separate first signalling

as transmitted by the master from second signalling by the

reflection signals coming back to the master 11 according to

-deliberate reflection action at the nodes. In addition,

associated differential amplifier 481 will have output 482
corresponding to difference in voltage between its inputs 483 and
484. Resistors 485 and 486 have the same value as resistor 44
wvhich matches the transmission line impedance, and will result in
the same 2:1 divider action at differential amplifier inputs 483,
484, In absence of any reflection signals, the differential
amplifier 481 would have inputs of equal voltage and phase, thus
give zero output. However, whateﬁer reélection signal component
arrives back at the master from the transmission 1line will
increase or decrease voltage on the line 484 compared with the
voltage on the line 483 from between the resistors 485, 486 and
output 482 from the differential amplifier 481 will show the
difference. In principle, i.e. iothen than for noise etc,
differential amplifier output 482 tracks the reflection

components, the transmitted output signal having effectively been
removed. '
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An alternative for function performgd involving the hybrid

48 is shown in Figure 4A and is suitable for IC production.

It does no other processing, but works in a continuous
manner, for outgoing and incoming bit signals present on the
transmission line at the same time, there being nominally no
magnitude and phase difference between outgoing and incoming bit
signals and substantially no mutual interference.

The circuit has two large transistors Ml (N-type) and M2
(P-type). M2 is scaled in width relative to M1l to compensate for
the lower transconductance of P type devices. M1l and M2 have
equal transconductances. The combined transconductance is
approximately equal to 1/Zo, i.e reciprocal of transmission line
characteristic impedance. Capacitors C2 and C3/C4 pair make the
circuit appear as a real resistor of Zo ohm looking into ¥5 to
give proper transmission line terminations, as input-output 100%
feedback inverting transconductor and a resistor of 1/gM total
are equivalent.

This circuit serves for .
- termination of incoming waves and preventing reflection

from master end - although in principle the energy could be

re-used

- launching outgoing master wave sequences towards nodes as
the source of all signalling waves

- extracting incoming signal, in this cases, reflected free
of any launched signals.

Specifically, Y7 represents ‘Phantom signal’ source of the
reflected bit signal energy from a node as it arrives back at the
master; Y9 is signal input (simplex) to launch into the cable
from master; Y6 is where returning signal recovered, preferably
to be fed to an integrating receiver ciréuit; Gain seen from Y3
to ¥5 is -1 so Y6 kept from moving with outgoing signals. Y5 is
input-output port (for voltage such as at centre-conductor of
coaxial cable or microstrip etc transmission line; Zo
represents source impedance of the transmission line (i.e. is not

a real resistor); Cl and V4 (inverse of ,Y9) can be used if
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necessary to minimise signal injection into the transmission

line; R2, R3 help initial condiﬁions of simulation and are not
used in practice; M3 is a resetitrénsistor which is activated
whenever the master is outputtiné a gap Qeriod (inter-bit or
inter-burst gaps), and helps to festore the self-bias operating
point of the circuit while still:terminating at characteristic
impedance and lets the coupling éapacitors adapt to any small DC
voltage imposed on the cable by ﬁc supply currents.

Y4 is internal node that slews as C2 gets charged/discharged
large C2 means less slewing on Yd; Also, -C2 can be small but Y4
should not slew enough to saturate; Y7, R1 represent a 100ochm
source; V4/Cl accepts current'frdm V3, C5; C3, ¢4 and C5, C1
might be lowered proportionally.E

And, capacitive divider action (e.g. gate capacitances)
acts to reduce feedback around inberter thus lowers
transconductance and increases effective'resistance, which can be
compensated by designing for over-transconductance; changing the
attenuation between output port and gate can be used to match to
different transmission line impedénces under software control:;
using opposite signal to inject directly at input-output (I/0)
node compensates for errors due to capac%tive signal currents
into I/0 node (avoids this path),ebut at the expense of higher
I/0 capacitance; opposite signals can be generated from
inverters in the ring. ' .

Bit signals used are short stmetrical pulses followed by a
zero voltage interval, see X, ¥, 2 in Figures 2A, B. They have
no DC component and allow for ehtirely-AC coupling throughout.
The interval 2 allows time to interpret the pulse components (X,
¥). Figure 2D shows a bit sequehce using these bit signals (¥,
Y, %), and Figure 2F the same but using a sguare wave format.
Figures 26, H show application without intervals for
groups/bursts of bit signals but with intervals to each side, for
sine and square wave forms. The gap signal of Figure 2C 1is of
the same length as a bit signal, but at zero wolts throughout;

and is used for various control purposes involving strobe and
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reset as below. Figure 2I shows a bit-by-bit interval signal of

sinusoidal shape with a large excursion éulse to serve as an end-
route indicator, see later regarding routers, and/or for such
other purposes as may be desired, including resetting or
deliberately breaking neutrality.

Figure 5 shows three-level output data pulse generation for
preferred three~level signalling, see fixed clock 51, phase-lock
loop 52, selective divider 53, specific divide~by-3 dividers 54a
to the phase lock loop 52 and 54B to bit signal format time
setting 55, coincidence gate 56 for coordinating bit excursions
(X,¥) with input binary data values and controlling production at
57 of positive and negative voltages applied to biassed base of
output transistor 58 through switch 58 controlled by output from
time setting 55 to be turned off during the interval (2)
following the bit value representing bipolar excursions (X,Y).

Varying the selective divider 13 enables changing of the
bit signalling rate, say to suit practical maximum for the nodes
and transmission line(s) of any particular installation, or even
specific connection. Such changes can even be on a bit-by-bit
basis, see Figure 2E, but are usually on a one-time or periodic
system configuration or re-configuration basis. To set such bit
rates, the microprocessor 44 is programmed to send at prescribed
increasing bit rates wuntil the reflection signals first fail
quality testing, then send below that rate as a stored pre-set.
In principle, this could be applied to each communication each
time it is set up and stored by the microprocessor 44.

Three-level signalling may be inherently less fast than
using NRZ (non-return-to-zero) binary code, but has advantages of
symmetry and ease of decoding and error checking. Three-level
digital systems in use in telephony do -not have wave-shape and
encoding hereof, such as symmetry with time and amplitude. Also,
the third-state hereof is of low-impedance voltage nature mid-way

between the '0' and the '1' 1levels not a high impedance "off"

state as Tri-state™ logic gates used for bus isolation. Most of
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other digital circuitry hereof operates on conventional two-level

binary logic basis.

The third state applies to the interval (2Z) and also to the
gap of Figure 2C free of data signal as such, which can be used
in control of various aspects oﬁ operation, including addressing
preferably by routing to be iescribed. This interval can be
generated by master or slave debending on which is active at a
particular time. i

Figure 6 shows three-level signal receiving and quality
checking provisions for anythihg from, K the transmission line.
This system can detect erroré in each single bit of data
transferred with very good depenéability, whether for reflections
as such or for data signals originating with a slave
equipment/node and signalled according to reflection type. It
should be appreciated that all signals hereof, including
reflections, have at least nominally* the same bipolar/plus
interval format as true bit signals; and can be investigated as
outputs from the differential amplifier 481 associated with the
virtual hybrid 48 of Figure 4.

For received bit signals to be accepted as representing
binary values '0' or '1', the following checks/tests of its wave-
form are made. )

1. Each received bit signal waveform must be preceded by a gap
of at least that between bipolar excursions, see positive
and negative threshold detecting differential amplifiers
61A, B (which may conveniently be set at about one-quarter
of each nominal peak), inverter 62, and NOR-gate 63 to give
positive output whenever both of the outputs of
differential amplifiers 61A, B are low corresponding to the
received signal being within, i.e. not exceeding, the
thresholds concerned as will apply throughout the intexrval
%2 and can be counted in data checker 64. This will detect
framing errors and general noise on the lines preventing a

stable zero reference.
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The same state of the NOR gate 63 will, of course, apply

for a short time while the waveform traverses between the
thresholds as its polarity inverts and the corresponding
shorter pulse can also be used by the data checker 64, at
least in connection with checking for inversion, and say in
conjunction with the next test.

Each waveform should go sufficiently towards each positive
and each negative peak - in ohe oxder or the other
depending and within a minimum time - to believe it is a
bit signal, see threshold detecting differential amplifiers
65A, B (which can be set higher than for 61A, B - say at
about half of each nominal peak) shown as sending
correspondingly positive and negative outputs to the data
checker 64. This check indicates ; bit wvalue directly (not
necessarily signalled bit value which needs interpretation
in data-checker 64), and enables counting by the data-
checker 64 in respect of said minimum time, and with due
account taken of the short pulse from the NOR gate 63.

This check together with results of the above check, say if
indicating interval free of bit signal, can allow picking
up weak signals with levels between the thresholds for 61A
B and 6534, B.

Each waveform must go on to invert and exceed the opposite
threshold within a time period set by the master unit.
These are dealt with above and prevent any glitch{es) of
noise from being interpreted as data since it is very
unlikely that noise could be first one polarity then the
other with transition near mid-way through during the
sampling period, i.e. without it being of wvery similar
frequency and double amplitude so as to mimic or cancel any
valid signal. .

When the long pulse from the first above test is next again
detected after finding the two polarities of pulse
components and inversion as mentioned above, a further test

is made of the integrated total of positive and negative
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currents for 'balance within a fixed percentage, see

integrator 66 with log clamp 67 at input and threshold

controlled differential amplifiers 68A, B in conjunction

with inverter 69 and NOR~gate 70 to data checker 64. The
op-amp integrator 66 could be replaced by a transistor with
capacitive collector-base feedback.'

This check verifies the symmetry of the waveform. Any on-

balance unipolar noise pulse occurring during the sample

time would leave the integrator with a corresponding non-
zero output, whereas any 'reflection of the symmetrical
bipolar component of the bit signal format hereof should
closer to zero amount of imbalance even for a wide range of
returned signal strengths. |
The interval (Z) period should persist for a given time before
previous data is accepted, as can be counted in data checker 64.
This will detect noise in the interval time.

The above tests give an error if the received signal is too
weak and/or for common mode noise voltage.

Instead of fixed threshold levels as shown, it may Dbe
advantageous to employ DAC converters to allow adjustment,
particularly by software, to facilitate communication for a wide
range of round-trip signal attenuation levels. It is also
possible to use DAC adjustable response time control of the
receive comparators and amplifiers to aid rejecting HF noise if
operating at low data rates, say for reliable communication with
more distant nodes, as can be achieved by setting of the bias
currents in these components (larger currents generally giving
faster response with fixed parasitic or added capacitances).

Strobe and reset signals are generated within length of the
gap signal of Figure 2C, say strobe in the time Y and reset in
the time Z, see delayed pulse generators 71 and 72 in Figure 6,
which also shows a fixed delay on output of the NOR gate 63. The
comparators 61A,B enable monitoring by the data checker 64 that
all interval components (2) and gap signals (Figure 2C) are

within a given range of zero volts, as set by their thresholds.
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Slave nodes 32 reflect signals from the master 31 on a bit

by bit basis and on an open—-circuit or short-circuit basis
depending on bit signal values to be sigmalled back to the master
31. These reflections are also effective acknowledgements of
reception by a node 32 on a bit~by-bit basis.

An alternative receive circuit is shown in Figure 63,
particularly aiding integrated circuit implementation.

This circuit differs from Figure 6, and is based on the
integral of the bit signal waveform format is the actual binary
value, and that an amplifier that is ‘not-fast—enough’ produces
an integrating response. In Figure 6A:

- Periodic auto-zero-reset of AC amplifiers and integrator
overcomes drift, transistor noise, power supply noise expected
inside a typical digital CMOS process of small transistor size,
as optimised for digital speed. With signalling hereof, inter-
bit resets are possible which significantly eases the
requirements from drift/noise.

- Bach time the reset transistors are activated, amplifiers take
up their self-bias wvoltage and the integrator will be discharged,
which has no implications as activated only in gap times and for
a short period

- transistor channel lengths can be fairly long to give gocod
gain.

- The same circuit can be used for both node (to get master data
directly) and master end (after Figure 4A circuit), bearing in
mind that the data this recovers needs iﬁterpretation at master.

In operation, M1l, M10 acts as a transconductance stage
(i.e. Voltage->Current) stage. The input voltage datastream
waveform Y6 modulates the gates of M1l and M10. On positive
signals above the self-bias point, the Nch transistor conducts
more, while the Pch conducts less. - The ,output point ¥3 can then
sink current. Conversely, on negative polarity signals relative
to the self-bias point, Pch transistor conducts more, and Nch
conducts less so can output source current. At the self-bias

point, M1l and M10 currents are the same, so no net current
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available at Y¥3. Y3 feeds a low impedance point as input to

integrator, and the voltage at Y3 changes very little (+/-90mV),
so there is highly integrating effect and the parasitic feedback
capacitances do not come into play. M7 and M8 act as Integrator.
In contrast to M11l, M10 the output voltage here at Y7 is allowed
to slew. No feedback capacitor is shown,” nor is needed to
implement the integration function because the parasitic Drain-
>Gate capacitance provides this at low signal swings. The signal
at Y7 is approximately the integfal of the input. For example
for the first ‘1’ bit signal wave coming in, ¥7 integrates
positively while the input wave is posit;ve. At zero-crossing of
the input wave, Y7 is at its peak. Duriﬁg the second (negative)
half of the bit signal wave, Y7 integrates downwards. The total
area under the positive half of éhe wave will equal that of the

negative half of the wave for end of the bit signal time to be

_ return to the self-bias point. At higher Y7 signal swings, as

for slow rate input data, the output at ¥7 can swing towards
either one of the supply rails. When this happens, the mosfet
connected to that supply rail goes from saturation with drain end
pinched off to ohmic with drain ehd connected ohmically to
source. When this occurs the Drain->Gate capacitive feedback
increases to be the full Gate oxide capacitance. This effect is
very useful because it makes for an integrator with high swing,
good sensitivity but a very large charge ultimate charge
capacity, making the circuit useful to integrate over a 10:1 time
range. Due to charge conservation, all charge stored on the
mosfet must be removed. Only when all charge stored during one
polarity of the input waveform isfremoveq does can Y7 go back to
mid-point - just what is required with balanced input signals.
Digital extraction of the waveform at Y7 is done with M2/M3 to
detect ‘0’s and with M4/M6 to detect ‘1’s {output pulse sense
being inverted). Thresholds are éet by the relative channel
widths of transistors M2 and M4 relative to those of M7, Mil. M2
is narrow to give the inverter a lower-than-normal threshold, M4

is wide to give that inverter a higher-than-normal threshold.
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Normal logic gates can convert the two signals into DATA and

CLOCK (clock occurring in the Gap time) to drive a shift
register. Another shift register clocked by same clock can
sequence the Node~>Master data which controls the reflector (data
to master) to the master and this makes incoming and outgoing
data syncronous and correctly ordered.

Figure 7 shows one slave node equipment using a wideband
pulse transformer 71, shown connected between centre conductors
of coaxgial cable with input side and centre-~tap switches 72 and
73 for data-in/-out according to switch contrecl 74 from node
control logic and shift register provision 75 similar to Figure 6
but typically simplified by not requiring quality checking, and
also shown receiving timing control outputs from three-level
detection and timing prowvision 76. Reflegtion termination control
is according to data modulation switch 77 connected to sample
points 78, 79 shown to each side of the data-out switch 72.
Suitable construction of the transformer 71 is as an inverting
transmission line transformer made from either coaxial or twisted
pair cable wound around a high permeability toroid core, see
Figure 8. An alternative is to fabricate a microstrip
transmission line transformer as a printed circuit board and use
planar magnetic cores to magnetically 1link the circuits, see
Figure 9.

Figure 7A shows an alternative transmission-line
transducer, in which:

- signals riding on large DC or AC power voltages can be brought
down to Ov referred levels compatible with IC signal processing.
Bidirectionality means that a Ov referred signal (e.g. Master
waveforms) can also be put up onto the DC power level. Power can
be made available for local node. All routing/reflecting is now
done at Ov with IC Nch transistors. The transmission line
transformer can be a simple hollow ferrite bead at UHF. The same
circuit can be used at master as fully bidirectional, and permits
introduction of and extraction of power to the network at any
convenient point.

This Sheet Has Been Replaced
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Use of transmission lineitransformer allows good DC path
with low parasitic elements aé transmission line construction
effectively makes stray capacit%nce and leakage inductance become
the transmission line. The transformer can also with advantage
be arranged to perform impedaﬁce conversion and single/double
ended conversion (balun function). This would be useful for
converting the signalling medium?between coaxial (unbalanced) and
twisted pair (balanced) cabling éystems.

Inherent inversion of the through data (both ways) need not
cause problems as the master 31 can easily, by software control,
invert .all it's output data according' to the node connected,
actually alternately so for ring or daisy-chain configurations.
Similarly, reflective signals will alternate in sense for odd and
even numbered nodes and this too can be inverted by software
contrel - though not necessarilj required when compared to sense
of transmitted wave forms. : .

The described system may be summarised by:

- ‘1’ waves and ‘0’ waves only interpretable directly by the
node from the arriving master data.

- Node reflector termination is controlled by second
signalling data the node wants to send, i.e. with no
reference to prior or currently-arriving data from master

- Master can sort out what it means with reference to what it
sent ’

- Node reflects complete waves, both the high and the low
phases in an order depending on first signalling bit wvalue

- Node reflector termination changes state before each new
master bit signal arrives )

- Node receives one bit signal first from the master data at
the same time as reflecting a second signalling bit '
(independent) back :

- The ‘short circuit’ termination condition cannot really be
zero Ohms or else the node cannot detect what master is

sending in this condition, so in practice maybe 5x less
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than characteristic gives good reflection and allows a

small master signal to be detected and resolved.

- The ‘1’ and ‘0’ as detected back at, the Master end receiver
are not useable without reference to what the master sent
but are readily sorted out from conventionally stored bit
values taken in order.

From one somewhat mathematical viewpoint relative to
mosfets: if a node has a ‘1’ to send to master, it signals this
by multiplying the incoming master bit signal wave by +1 when
making the return reflection (open circuit reflection does this,
e.g. as Nmos=off). If it has a ‘0’ bit to send to master it
multiplies the master wave by -1 (short circuit refection does
this i.e. Reflector Nmos=on). Master sorts this out - to get the
binary value the node was sending - by figuring out what the
multiplicant was, i.e. +1 or -1. This c;n be done by multiplying
the original binary value sent by master sent by the apparent
binary values that came back, on a bit-by-bit basis. Effectively,
master solves — [Master Bit sent] X [Unknown] = [Raw bit
Received] - which can be simply resolved using an Exclusive -OR
gate, or software instructions acting on.memorised value of what
master sent.

A transformer is not the only feasible way of linking two
RF ports with either High oxr low impedance RF path. A power
mosfet or npn-bipolar transistor switch (or other type of
semiconductor or electromagnetic switch, e.g. relay) could be
used to achieve this purpose.

For systems not needing DC or 1lfAC electrical supply (e.g.
where supply is already available) an entirely monolithic
integrated system can be provided using P-channel or N-channel
mosfets as switches to connect or isolate one RF port from the
other, and to induce "open circuit" reflections or “through”
connection as required, see P-~channel m&éfets 101, 102 in Figure
10. Standard means of charge injection cancellation would limit

spurious signals created during switching.
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Figure 11 shows use of bipolar transistors 111, 112 and 113

together with alternative to analogue switch element with a
series resistor for the shoit—circuit reflections allowing
detection of the incoming wavefo%m signal with simultaneous short
circuit reflection of incident ﬁaveforms. When RF switch 114 is
Off, the emitter follower transistor 111. is turned 0ff, the base
is reverse biased and the emitter current sink transistor 112 is
also turned Off by Ov on its ‘base. The emitter circuit plus
collector for transistor 112 rep#esents a very high resistance in
parallel with some small stray éapacitance to ground. Resistor
115 provides reverse base bias 5eing typically at least 10Kohms
for specific example involwving :bias level of +2v and related
through monolithic devices to +2.6v as follows. When the RF
switch is Off, AC signals couplinq via capacitor 116 experience
very .little attenuation or reflection since resistor 115 is high
and emitter of transistor 111 is reversed biased. In the Off
condition, the switch can handie signals of 5 volt peak-peak
before TR1 emitter becomes forward biased.

To turn the RF switch On, ihe switch control line goes to
+2.6v, which very gquickly turns On transistor 111 and slightly
later, the current sink pair 112, 113. With correct timing it is
possible to ensure that there is very little change in voltage at
emitter of transistor 111 nor spurious output into source
impedance, as the ultimate emittér voltage is also 2volt (2.6v -
Vbe @ 0.6v = 2v). In the On state, the emitter current of a
bipolar transistor gives an effective output resistance of 25/Ic
(in mA) or 5 ohms at 5mA Ic. This is adequately low relative to
source impedance to produce strong short-circuit reflections of
waves on the transmission line as source impedance. The switch
is turned on or off only outside bipolar bit wvalue signal
components, so as to limit spurious signal injection. Resistor
117 is added for collector of transistor 112 so that analogue of
the master signal appearing as a @odulation of emitter current is

available for the node to be able to recgive the master data even
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when the wave is to be short-circuit reflected, the RF voltage

and emitter being at zero.

Present silicon technology effectively 1limits npn-bipolar
transistor provision of Figure 11 to operation up to about 500
MHz. Higher fredquencies of operation up to 1GHz are feasible
using gallium arsenide monolithic microwave integrated circuit
technology to fabricate switches, see 121 and 122 in Figure 12,
as optionally driven PIN diodes, say with integrated gallium
arsenide laser provision 113 on the same substrate as a single
monolithic device. Typical on/off switching times can be as low
as 0.1 ns.

At wvery high data rates (e.g. microwave) use could be made
of PIN diodes incorporated into hollow metal wavegulides of an
microwave circulatoxr arrangement to facilitate routing.

Further regarding node provisioné and circuitry, short-
circuit reflection at transformer mid-point is feasible using
previously indicated circuitry design. However, as the on/off
times are not critical for such switch, a simple saturated NPN
transistor switch could be employed and would conveniently pass
DC current as may be desired for power.

Three-level detection for the node may be simplified, as
all data pulses sent to the node during communication are
reflected (in one way or another) back to the master where they
are tested for noise pickup. If “round-trip” pulse quality is
satisfactory it seems reasonable to assume that included one-way
pulse quality must be acceptable. On this basis, the simplest
node needs no additional error detection and correction logic.

A saturated JFET or mosfet or bipolar transistor can be
used to extract some operating current from the transmission line
and still present a high AC impedance transmission line -~ and
signals might also be incorporated into above centre—tap
transformer RF reflection switching. .Alternatively, for high
power levels an RF inductor could be used to extract significant
DC current for powering local electronics or actuators and still

present a high AC impedance. Low frequency AC power is also
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possible (50Hz, 60Hz) as this is well below the normal signalling
frequencies thus isolated by the small coupling capacitors of the
signalling circuits.

Node operation involves initial master output quiescent
(interval/gap state 2} and it is assumed that this has persisted
for longer than a reset time period, so all nodes have been
reset. Then, as for Figure 7, all node; will be set (switch 72
On} to reflect the first incoming wave with short circuit
termination to produce anti-phase reflection of the first bit
signal from the master whidh will assess the anti-phase
reflection signal as above effectively separated out by the
virtual hybrid 48. If satisfactory, the master can continue to
send and receive data with the node at full duplex capability.

In Figure 7, node sampling at points numbered *1” and ‘2'
corresponds to short-circuit and open-circuit termination, thus
anti-phase and in-phase refléction, thus small and large
reflection signals, all respecﬁively signalling from a node to
the master involves anti-phase short—cirCuit reflection switch 72
being on when sending binary vaiue '0' as in Figure 2B. Sending
binary wvalue ‘1’ involves setting as for in-phase open-circuit
reflection, specifically have both of switches 72, 73 off. If an
incident wave pulse from the master appears at the node, the
series inductance of the wide-band transformer, now acting as an
inductor (see winding polarity dots), p;esents a high impedance
and so little if any energy is coupled through and on to other
nodes - as inductor current cannot instantaneously change and
wave-shapes from the master have wvery high frequency components
only.

For every bit of data received by the.node via the three-level
detector to extract the bit (and set a clock), one bit of node
data is returned to the master and the system can operate in a
full-duplex mode. Reflection contrel switches 72, 73 can be
changed over only during the guiescent interval/gap times of
master pulses, so switch at zero voltage and minimise spurious

signal injection. At no time can any meaningful signal pass the

SUBSTITUTE SHEET (RULE 26)

TN



10

15

20

25

30

35

WO 99/35780 PCT/GB99/00008

25
node that is active, so nodes further down the transmission line

from the master get wvery 1little if any signals - effectively
being reflectively isolated.

As each master transmitted bit signal *is received, say shifted
into receiwving register of the node, the next bit of node data
can be sent back, typically clocked out of the sending shift
register of the node.

In principle, the master always receives back exactly the same
bit signals as it sends - automatically, by reflection and as
retrieved at the master for quality .checking as above, the
reflection signals further representing node data by nature of
termination and reflection caused. Checking interpreted binary
value of each received bit signal as compared with binary wvalue
of what was transmitted enables the master to determine the
binary wvalue of the bit signal from the node - same bipolarity
means the node did in-phase open circuit reflection so was
sending a logic 1, and reversed bipolarity means short circuit
anti-phase reflection so the node sent a logic 0.

Because it is fundamentally the same bit signal format used to
transmit and receive data, quality checking at the master on
received signals will confirm absence "of noise, including on
round-trip signals, thus give good indication of data integrity
both ways.

A useful selection mechanism arises in relation to use of
reflections by a node to send all data bit signals to the Master
without nodes further down the transm?ssion line getting any
signals. After arbitrarily long two-way data transfer is complete
with any node, special gap intervals can be inserted in the
output of the master. A short gap, typically 500 ns, can serve
as a strobe to end communication with the currently addressed
node. On detecting this strobe condition, the node ceases to
reflect any more signals simply by turning switch 73 off and RF
72 on, which makes the wide-band transformer act as true 1:1
inverting transformer and solidly couple the input and output RF

ports in a bi-directional manner ~ due to common point of the
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windings going to AC ground viafswitch %2, and coupling input RF
energy between input winding terminal (1) and AC ground(2) by via
transformer action to output :of winding terminal (4). The
transformer is inherently bi-directional and connects it ports
and the transmission line ségments together for RF energy.
Master generated pulse waves thus pass by a node with switch 72
On to the next node in the chain. Similarly, reflected energy
from nodes past this 'switched out' node will pass through back
to the master. _ '

The switch 72 could be a saturated switching element of low
resistance, e.g. npn—transistor; then also act as a path for DC
current supply for the node. Switching speed is not of the
essence as it only needs to :be switched on or off once per
addressing cycle. In its non-saturated constant-current
condition, it also acts as a ﬁath for DC current, but presents
high impedance for RF energy if the transistor has low collector
capacitance.

Strobe condition detection by nodes allows the master quickly
to pass through all the nodes before the node with which
communication is desired, specifically involving sending single
bit signals that will be reflected anti-phase, each single bit
signal being followed by a strobe gap period to disable the
currently reflecting node until the desired node is reached. Once
a node has been de-activated by strobe detect, it cannot become
an active reflector again until positively re-activated, see
Reset below.

A node might instigate a similar signal back to the master, as
communication is independent two-way, say by not reflecting any
data for a period during master transmission. This could indicate
that all required data has been taken / given by the node, or
that an active node does not require any or more of data
concerned thus allow the master to move on to the next node in
the chain.

A gap much longer than the strobe gap length can be used

for the master to indicate that communication logic of an active
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node is to be reset, thus re-activating the node for selection by

the master, 1.e. for anti-phase reflection of next incoming
master bit signal. If the master keeps the selected data route
busy with data signals and short strobe gaps de-activation nodes
cannot even be selected, i.e. stay de-selected until there is a
preset gap.

A node might also generate a signal like this during normal
duplex data transfer after being properly addressed, say to
indicate to the master a critical condition mid-way through a
long data transfer, e.g. buffer full, data error etc.

In customary two-way data transfers with the nodes on a
sequential polling basis, through to the last node concerned,
master uses a reset gap to reactivate all the nodes, typically
for a new selection sequence.

No additional selecting/address mechanisms, e.g. identifier
codes, such as serial numbers or addressés, or software protocols
are required for unique selection and communication with any node
anywhere in the system.

Such sequential selection scheme can be extended to provide
a useful network feature, say for digital TV distribution and/or
videoconferencing, where it is desirable,to send the same data to
multiple nodes simultaneously. If the state of the bit signal
first sent to a node was latched as well as anti-phase reflected,
and if this state corresponded to binary wvalue '1', then after
the strobe period, all nodes addressed with the same binary 'l
signal could still be enabled to receive the data. Nodes not
intended to receive the broadcast data wWould be addressed with a
binary '0' bit signal.

The master could so select nodes right through to the
customary final passive terminator, then begin to send data on a
broadcast basis to all the selected modes. Operation would be in
half-duplex mode as none of the nodes addressed for broadcast
should try to transmit own data back. to the master, so can

present one termination continuously. Each node needs only an
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indicator that it is odd or even and to make a one-bit

comparison.

Interestingly, multi-speed operation capability of three-
level systems hereof itself allows a form of selection, as nodes
with slow AC response will automatically significantly attenuate
transmitted data below the _receive threshold. Indeed,
attenuation by cabling can also prevents low speed nodes from
ever seeing high speed data at the end of the transmission line.

Examination of the circuit diagrams of the drawings reveals
a good DC current path right throughout the network. This path
begins at the master end and passes through the transformer
windings and returns through braid of coaxial cable or other
conductor for twisted pair or micfostrip: This enables supply of
DC or low frequency AC power by way of the transmission line
itself. i

Implementation of systems of this invention is also viable
for interconnections more complex than daisy-chains or rings, see
for example a so-called internet of whiqp Figure 13 shows a part
involving more than one master (M), many nodes (X) in several
branches, and router provisions at junctions between branches.

Figure 14 shows a node modified for accessing and
communication from either side of its transmission 1line
connections, as would, of course, be desirable even for true ring
networks. Figure 14 shows three RF reflector switches 141, 142,
143 and four coupling points (A-D), along with consequential two-
wave data in and three-way out switching provision 145 according
to signal source and additional logic 146. When in communication
with a master unit from one side, the other side is effectively
Tlocked out' as the node is configured for constant reflection
(either open or short circuit) to the master concerned. In both
these cases, series inductance of the broadband transformer 147
presents an AC "open circuit” cohdition to a master trying to
access an 'engaged' node from the other port no matter if the
node is reflecting open-circuit or short-circuit to the master in

control.
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A master can easily detect an 'engaged' state of a node,

say by reflection of bit signal being of 'open circuit' in-phase
nature; If a node usually responds to the first bit signal from
the master with a short circuit anti-phase reflection.

Simultaneity of attempted access to a node is unlikely as
there is only a very short time period for node switching. If it
happens, received quality errors by the master that loses out
will soon disclose that a line of nodes is engaged beyond the one
last active or addressed. A master could retry a node until it
becomes available by repeatedly sending-.bit signals to it until
the reflection signal changes from that for “engaged’, as would
happen after the other master had sent a node reset by going
quiescent for the reset period and re-activating the node for
selection.

An important feature of true ring or internet systems
hereof is that two adjacent nodes on the same 1length of
transmission line cabling can be in communication with different
masters (to left and right as the diagrams are presented) without
interference as substantially all energy from each master is
reflected back to give reflective isolation. A large inter-
network can be imagined with many masters and nodes. Reflective
isolation permits simultaneous activity on multiple branches of
the network; thus two separate communication channels on one
length of —cable, without having to incorporate special
provisions. Total data rate can expand as a system grows.

Routers have been developed with wvaluable features for a
combination "“ring" and "star”" topologies as well as Internet
topologies, particularly as to allowing expansion in the number
of nodes connected without exposing the data pulses to many
spuriously reflective interconnections (as for all the nodes in
a long line or loop), and as to providing 'bypass' relative to
strings of nodes for any reason, say if using or benefiting from
dedicated cables. '

The router of Figure 15 is made up mainly of components and

blocks already described so description 1is concentrated on
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differences. The ‘logic block 151’ has functions readily

implemented by hardware logic or in software, or a combination.
The router behaves somewhat like a node in using the same
signalling, but has no need to send or receive large amounts of
data. Its main purpose is to allow any master quickly to address
specific nodes in a large system and to isolate most of the nodes
from sigﬁals from the master, thus minimise attenuation and
spuriously reflection effects. Three ports are shown, much as a
T-connection, allowing one transﬁission line to be split or for
three lines to be joined (depending on perception).

Routing from one port to oné other - effectively connecting
them for RF signals is simplest - say leaving other port always
appearing open-circuit and is effectively a three way switch
allowing easy implementation. However, multi-way routers are
feasible.

This router will also present an ‘engaged’ state/condition
by in-phase open-circuit reflection to any master signals
arriving at the port that is switched out. Control can be from
any one of the three ports. 6n powe}-up, RF switches being
switch in proper passive terminating resistors of the correct
characteristic impedance for all lines as the only alternative to
open circuit, short-circuit to AC ground and anti phase not being
required as routers do not reflect energy. This masters sending
selection/addressing signals to an, available router to
distinguish it £from the responsé of a node, i.e. absorption
rather than reflection. The router will switch by the first valid
master bit signal it receives from any of the three ports, say
binary ‘1’ value for the left hand port as clockwise, and binary
'0' value for the right hand port or anti-clockwise.

Once switched, the router cannot Be changed until a-reset
condition is detected at the port which instigated the switching.
All the nodes up to any active node on the non-selected line of
the router will get no signal which will be interpreted as the
‘reset' condition and prime them for later selections. After a

reset condition/period is detected from the port that set the
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path of the router, all the inputs are returned to characteristic

(absorb, i.e. non reflect) termination resistance and the router
is available for control by the first master signal to arrive on
one of the three ports.

Other hardware or software loéic features including
allowing the router to make its characteristic 3impedance
termination persist for a particular port to furnish a convenient
termination when using above broadcast feature, and/or to detect
when a master sends a routing direction signal is followed by a
strobe (which it would not normally do).. A unique bit signal can
cause the router to hold or restore the characteristic
termination impedance for the input port, say ignore the route
selection just specified. The other two ports could still be
switched together by master signals on either one of those ports,
the 'engaged' signal being returned only should an attempt be
made to route onto the port with the persistent characteristic
termination. Reset condition detected has the characteristically
terminated port can clear all the engaged logic and return the
port to normal operation.

DC or low frequency AC power can be applied to the network
at routers to maintain a good low resistance supply of power to
the nodes and other equipment attached. .

Such routers can facilitate large interconnected arrays of
nodes and facilitate redundancy in possible paths between nodes,
for which selection paths can 'snake' around the network. If one
path is found to be inoperable or engaged, an alternative
selection path could be tried without.needing any complex or
exXpensive electronics or software.

Figures 15A,B show advantageous router
reflection/switching. In Figure 15A, voltage levels are centered
around ground and low exXcursion to be compatible with Nch mos '
switches and routable through modern CMOS Ics without causing
latch-up as bulk CMOS cannot accept large negative inputs.

Actual ground, not AC ground, can now be used to terminate

reflection transistors thus avoiding large capacitors and
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facilitating full IC integration. This reflection switch can
have gate modulation to control ‘On’ resistance. A single
transistor could implement range of resistances required for open
circuit, characteristic, short circuit conditions, and can be fed
with an analogue signal to reflett. BAnother option is to use
weighted size reflection transistors which operate in parallel
when activated. In Figure 15B, an Nch router switch is capable
of routing such limited-magnitude signal based at ground (Ov).
Parasitic gate->channel ‘On’ capacitance is allowed to swing with
signal for low losses. Small Pch turn-on switch represents the
only load and can be >5Kohms = insignificant. Other parasitic
capacitances can be reduced using Silicon-On~Insulator methods -
possibly producable on conventiohal bulk ‘CMOS by forming high-
resistance Polyl channel/Poly2 gate Polysilicon transistors on
the Field Oxide (FOX) regions. Thermal annealing or melt-
recrystalisation would improve performance but probably OK for
this purpose as formed.

A master controller can fully investigate and establish the
topology of any network onto which it is attached. Thus, after
issuing a node reset condition, the master polls all the nodes on
the highest lewvel line using abgve bit signal strobe method, say
as continuous stream of binary '1' bit signals with following
strobe periods. Reflected signals from each node should be
"anti-phase" if polled properly. Engaged nodes reflecting 'in-
phase' can be retried until free.

A router switch will be operated by the binary ‘1’ bit
signal unless in use, say switched by another master, whereupon
it too will return an open-circuit anti-phase an engaged signal
regquiring retrying. A free router will be identified as such,
rather than a node, as it absorbs the signals without reflection,
usefully causing a third 'gap' state to the bit signal before
switching to the direction specified by the absorbed bit signal.
The master will detect this no-reflect gap pulse in it's returned
data stream, so knows recognise the router and knows which way it
told switched.
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Ultimately the master reaches the end of the "All 'l's"

path through the network to a passive termination of
characteristic impedance recognisable by signal absorbing without
the no-reflect gap condition. The master now knows many nodes
are on each part of this particular 'A11 1's' route through the
network plus the locations of routers up to the end of the path.
Network investigation continues iteratively by the master first
re-running the same sequence up to the last router then sending a
'0' bit signal to investigate the branches off the last leg of
the previous route. The master iterates until it has fully
explored every branch and chain of the network to build up an
internal network map of nodes, routers and terminations.

For complex internet arrangements. with multiple masters,
network investigation may lead one master to find another, at
least assuming the other master is quiescent. Masters can have
software protocol so that thef recognise each other, preferably
also - share information. This could be a basis for a parallel
processing system.

Application 1is envisaged to parallel processing up to
supercomputer architectures using large multi-bit bus systems
where say 32 or more parallel channels of this system can be used
(e.g. on microstrip media), and the nodes could actually be of
so-called “wide” parallel input nature for peripherals or memory.
Signal routers can be also extended to ‘n’ bits.

Conventional data bus topologies (e.g. PCI bus, VME bus,
NuBus) only allow one bus “owner” to control the bus at any one
time. Total bus bandwidth is fixed and does not grow as more
peripherals wide nodes are added. Systems of reflective isolation
proposed herein are applicable between adjacent sections of bus
and 'engaged' signalling lets every section of a bus be split and
operated point to point at the full data rate. Cards which
interchange large amounts of data with each other can be located
adjacent in the bus. A single 'master' program is still able to
communicate with the cards individually if periodic 'idle' slots

are inserted.
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Standard computer bus topoiogies are unable to extend mbre
than a couple of feet in length due to transmission line and
reflection effects. This is réduced by application of systems
hereof. Half-duplex systems heEeof are particularly useful for
getting large amounts of data frbm a distant source at high speed
with good rejection of spurious reflections from cable.

The system is applicable to combinations of a multi-bit
(e.g. 16 bit, 32 bit, etc) bus system berhaps using microstrip
line internally to a computer and twisted pair ribbon cables etc
for external connections. It is feasible to combine 32-bit, 16—
bit, 8-bit and 1l-bit routes together. By starting with a 32-bit
wide system, each bit could ultimately be the source of a new,
independent single-bit route but could first reduce to two 16-bit
busses then four 8-bit busses. An internal computer data bus
could ‘'come out' of the chassié of a PC and become an office
network without intervening buffers etc. At 300Mbps, a 32-bit
system could achieve a throughput of 1.2 Giga bytes per second
over a reasonable distance with low radio frequency interference
(RFI / EMI).

Envisaged integrated circuit embodiment of all or parts
various circuitry hereof include use of GaAs technology (ultra
high speed), ECL process technology (very high speed) BicMOS
(high speed), CMOS (moderate speed) .

Embodiments of this invention can incorporate time domain
reflectometry (se Figure 16) by reasén of inherent use and
detection of signal reflections on transmission lines such as
cable. Receiver circuitry at a master hereof can be supplemented
with a high resolution timer runhing from the 3x clock generatox
plus adjustablility of receive threshold settings, typically DAC
controlled; and can form the basis of a time domain
reflectometry system where exact round-trip signal times and
amplitudes can be monitored from a master and back again.

With programmable receive thresholds the master can lower
the thresholds and detect low-level reflections from cables,

connector damage etc. This facilitates exact location of a fault
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in a line since any deviation from nominal impedance (higher or

lower impedance) caused by a short circuit or an open circuit
results in a reflection. Also, when a coaxial cable is crushed
or stretched badly it experiences a measurable change of
characteristic impedance and therefore gives reflections.

A master hereof typically includes a programmed computer
which can easily detect and store the presence of a new node the
next time a full network explore is performed. With time domain
reflectometry included, a new detected node can have it's
position (in electrical length units) determined by the time of
flight of a bit signal. A router can ée added at any point to
expand the system. Multi-way routers with internal terminations
can be used to allow for such as a 8 port "extension socket" type
cable into which equipments can be plugged.

When getting data from far distant nodes at high speeds, a
full duplex operation may not be practical. The problem arises
from the fact that spurious reflections from master output
signals by in-between nodes and cable and/or connector mismatches
can give a return signal in which the reflected signalling energy
from the node can be swamped by the spurious reflections. One
remedy would be to reduce the data rate as reflections reduce
with operating frequency esp. stray Ccapacitance reflections.
Another would be to have the nodes able to generate their own
wave-shaped three level outputs and include a local «clock
generator of variable frequency to suit cabling, on every node so
clock pulses by the master were not present during reading of
data from the node - though this is-seeq as undesirable from the
aspect of cost, complexity, power consumption and the inevitable
protocol overhead probably requiring local software.

Help is now proposed for this problem, keeping the nodes as
simple as possible. The basis is that whatever actual
transmission line connection is concerned its spurious signalling
effects are inherently of a substantially constantly repeating
nature for each bit signal hereof including its reflection. This

spurious content is actually the extent to which there is
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difference from exact matching in the identifying compariscn

hereof. Perhaps ideally, that would be stored as output from the
relevant differential amplifier for prescribed known test bit
signal transmissions and reflecting and read back synchronously
as a correction for each received signal. However, that is too
complex to consider trying to do :when the whole rationale of this
invention is reducing complexityjin favour of simplicity, though
a charge-coupled-diode analogue memory could well be practical.
Instead, advantage is sought f:é:om the fact that it would be
equally effective to hold bit | signal versions complete with
spurious effects, and compare them with the incoming reflected
signals. A successful practical approximation of this has been
achieved using a length of coaxial cable as a kind of memory
device for actual reflected signals, see Figure 17.

The coaxial cable length is such that an exact multiple of

the bit signals will traverse it twice -~ from input to a fully

reflective termination and back - at the transmission bit rate of -

~the system. For a nominal 200 Mbps transmission rate using

3x%1.66nS per bit signal a coaxial cable length related to 12.5
Mbps would hold sixteen bit signal wave-lengths. For good
coaxial cable rated at 0.8 of speed of light, required coaxial
cable length 10 metres.

The input node is zero volts for any arbitrary regular
waveform at 12.5Mhz and multiples thereof. For example,
considering the leading positi‘}e edge of a regular square
waveform that will travel down and return as leading negative
edge of a pulse of opposite polarity in transit time 80nS, so a
repetitive wave-form of period 80nS will have a rising edge at
the coaxial input/output node at exactly the same time - so will
input and reflected wvoltages will cancel as the series drive
resistance into the coax matches the wave impedance of the
reflected wave (assume output im;ﬁ_tedance of transistor concerned
is zero). This cancellation will persist for the entire positive
excursion of the square wave, and further through the negative

excursion, and so on - and applies to any waveform repetitive

SUBSTITUTE SHEET (RULE 26)

I




10

15

20

25

30

35

WO 99/35780 PCT/GB95/00008

37
within a time period integer divisible with no remainder into the

round-trip time in the coaxial cable memory hereof, see 161 in
Figure 17 for which there will be inversion of reflected voltage
but same magnitude going back towards the input/output node.
There will also be rejection of non-perfect CMRR of the receive
amplifier. '

The operating frequency can be of a voltage controlled
nature and set by actual response of the coaxial cable. The RMS
voltage (rectified power monitor) of the receive signal can be a
digitised variable known to the master controller.

When fetching data from a node as xequired, the master will
work in half duplex mode, and send pulses to clock the remote
node that are of constant binary wave values - either a constant
stream of 'l' or of '0' wave-forms. These pulses are repetitive
within the round trip time of the coaxial cable memory 161 and
reflections from these output pulses can be used to prime the
memory 161, resulting after sixteen pulses and full traversal of
the network path concerned in cancellation no matter what the
phase relationships of the individual sources of spurious
reflection and how they combine.

The master can periodically route regular waveform directly
into the coax memory for a tune-in period and frequency can be
adjusted using a DAC driving a varicap oécillator until reflected
power measured at the coaxial memory entry is minimum, i.e. the
system self tunes to suit the coaxial memory

When the coaxial memory is primed and the node begins to
output data with short-circuit or open-circuit reflections same
at the master receiver will also go to the coaxial memory drive
amplifier. The coaxial memory may produce cancelling or additive
effects as what is streaming back out of the coaxial memory entry
point is cancelling only the repetitive unwanted signal. A very
clean reproduction of the desired signal can result with the
repetitive noise.

The first pulses will be checked by the three-level

detection circuit and pulse gquality logic as per normal. For
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later pulses compared with processing without the coaxial memory,

earlier (first) pulses entered iﬁto the coax will reappear after
inverting reflection. For coaxiél memory round-trip storage time
of 16 data bit signal cycles no effect is seen at input/output
node until the 17th bit signai, which becomes added to the
reflected inverted version of the first bit signal which now
appears out of the coax memory at the time when the 17th bit
signal is coming in. The wave diagrams of Figure 16 show results
including cancellation. All three poséible final states are
detected by the level detection logic. Also, as the first pulse
was received normally (addition-free), digital 1logic can
determine what the 17th bit signal state must have actually been
to produce the end result. By always maintaining a digital
record of the previous 16 states, the.true state data can be
established for each bit signal as it arrives, typically also
involving software in producing correct stream of bit wvalues for
the master.

Half-duplex fetching operation alternating with broadcast
transmission allows for Video cénferencing’ vwhere one frame of
video data can be gathered then sent to ‘many different locations
on the network.

Viable alternative <to coaxial cable in this memory
application is microstrip transmission line with capacitive stub
branches, see Figure 18, to slow down the effective velocity, as
could be especially useful in PCB backplane applications.

As described above, with timé domain reflectometry
included, distances (in terms of électrical length) to all nodes
will be known. It is possible, after determining the spurious
response of all nodes at all frequencies and together with the
electrical length information (phase) to predict digitally what
the spurious reflection pattern would be for any set of outpuﬁ
data produced by the master. Using a Véry high speed analogue-to-
digital convertor in receiwving the reflection signals, such
predicted reflection pattern can be subtracted (in software) from

the actual return éignals to leave only the reflection xesponse
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from the communicating node. An alternative would be to use a

high speed DAC output to subtract using analogue summing

amplifier from the received signal to leave the desired signal.
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CLAIMS

PCT/GB99/00008

1. Method of signalling between fransmitting means and receiving
means wherein signals from the transmitting means are
subjected by the receiving means to deliberate reflections and
resulting signals are transmitted back as meaningful at the
transmitting means.

2. Method according to claim 1, wherein different deliberate
reflections have effects on said resﬁlting signals that have’
different meanings at said traﬁsmitting means.

3. Method according to claim 2, wherein said different deliberate
reflections, consequentially different said resulting signals
and related different meanings at said transmitting means
afford two~way signalling. .

4. Method of two-way signalling involwing first signalling in one
direction by sending signals with certainty of deliberate
reflection thus resulting signals for return related to the
signals sent according to the nature of the deliberate
reflection and second signalling in the other direction by
varying the nature of the deliberate reflection.

5. Method according to claim 4, wherein source of the first
signalling assesses what is received back corresponding to
what was sent to determine the nature of the deliberate
reflection thus related signalling content.

6. Method according to claim 5, wherein source of the second
signalling needs only to detect what was sent as the first
signalling and wvary the nature of the deliberate reflection
according to the second signalling.

7. Method of two way duplex signalling, wherein signaliing in two
directions uses a transmission and a re-transmission of the
same signal energy. | .

8. Method according to claim 1, wherein signal format as
transmitted has signal format as re-transmitted determined by
deliberate reflection to prodﬁced resulting signals as re-
transmitted.
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9. Method according to claim 8, wherein selectively wvariable

nature of said deliberate reflection represents re-
transmission signalling.

10. Method according to any one of claims 1 to 6, 8 or 9,
wherein said resulting signals as received back by the
transmitting means are used for checking purposes according to
relationship with signals as transmitted.

11. Method according to any one of claims 1 to 6, or 8 to 10,
wherein the deliberate reflections include in-phase relation
with the transmitted signals.

12. Method according to any one of claims 1 to 6, or 8 to 11,
wherein the deliberate reflectioné include out-of-phase
relation with the transmitted signals.

13. Method according to any one of claims 1 to 6, or 8 tol2,
wherein the deliberate reflections include out-phase relatlon
with the transmitted signals.

l4. Method according to any one of claims 1 to 6, or 8-13,
wherein the reflective signal terminations are varied to vary
the deliberate reflections and said resulting signals.

15. Method according to claim 14, wherein varying of the
reflective terminations is unrelated to varying form of the
transmitted signals.

16. Method according to any preceding c¢laim for binary signals,
wherein two different reflective terminations are selectively
applied to transmitted signals according to the two different
binary wvalues for data to be returned.

17. Method according to claim 16, wherein the two different
reflective terminations have net high and low voltage results
at reflection. .

18. Method according to claim 17, wherein the two different
terminations are open-circuit and short-circuit conditions. |

19. Method according to claim 16, 17 or 18, wherein the binary
signal forms for the two binary values of transmitted signals

before reflection each comprise successively oppositely-
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directed voltage excursions, and differ from each other in

phase.

20. Method according to claim 19, wherein each excursion of
each the binary signals forms is opposite to the corresponding
excursion of the other.

21. Method according to claim 19 or claim 20, wherein all of
the excursions are to substantially the same extent.

22. Method according to claim 19, 20 or 21, wherein the binary
signal forms are bipolar. ' )

23. Method according to claim 22, wherein the bipolar signal
forms are symmetrical about nominally zero volts.

24. Method according to any one of claims 18 to 22, wherein
each of the binary signali forms includes an associated
component different from its ekcursioqs.

25. Method according to any one of claims 18 to 23, wherein a
signalling format including ﬁlural said binary signal forms
includes an associated componeht additional to its excursions.

26. Method according to claim 25, vherein the associated
component has a voltage medial of the excursions.

27. Method according to claim 26 with claim 23, wherein the
associated component is constant substantially zero volts.

28. Method of signalling wherein signal formats for the two
binary values each have two Successively oppositely directed
voltage excursions and an associated component different from
its excursions. :

29. Method of binary signalling'whereih signal formats for the
two binary wvalues each have two successively oppositely
directed voltage excursions, and a component different £from
the excursions as associated with the signal formats of a
group of successive binary wvalues.

30. Method according to claim 28 or, claim 29, wherein the
excursions are as claimed in aﬁy one of claims 20 to 23.

3i. Method according to «claim 30, wherein the associated

component is as claimed in claim 26 or claim 27.
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32. Method according to any one of claims 16 to 31, wherein the

signals as transmitted and after reflection have similar
signal formats and waveforms.

33. Method according directly or indirectly to claim 10,
wherein said checking is time-related to send associated or
interval components. .

34. Method according directly or indirectly to <c¢laim 10,
wherein checking makes effective extraction of reflection
component from returned as retransmitted signals.

35. Method according to claim 33 or 34, wherein checking
includes timing of double excursions is checked and/or
interval before or after first or second excursion and/or
nominal mid-point zero-crossing and/or total extents of
excursions and similarity thereof.

36. Method accoxding to any  preceding claim, wherein
transmitted signals emanate from at least one master unit and
go to at least one of a plurality of signal reflective nodes
typically for slave units.

37. Method according to any  preceding claim, wherein
communication by a said master unit with a said slave unit
involves said master unit selecting said slave unit according
to reflective state thereof.

38. Method according to claim 37, wherein said communication
for serially connected slave node involves alternative
reflective states thereof and a series of bit signals from the
master each to select or not successive slave nodes which do
not pass on the first bit signal recovered even if not
selected thereby.

39. Method according to claim 37, ‘wherein said selection
involves at least one routing node similarly selectable but in
relation to branches therefrom. -

40. Method according to claim 37, 38 or 39, wherein signals
from said master unit can reach and/or traverse a slave on a

router node from either direction.
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41. . Method according to any one of claims 37 to 40, wherein an

active slave or router node indicates its state reflectively.

42. Method according to any one of claims 37 to 41, wherein
time domain reflectometry is used by.master(s) in connection
with location of and distance to slave and/or router nodes.

43. Method according to any one of claims 37 to 42, wherein
time domain reflectometry is used by master(s) for detecting
wrong routers and/or transmission line faults.

44. Method according to any one of glaims 37 to 43 wherein
relatively large end-route sidnal components are used for rest
or other purposes. _

45. Method according to any one of claims 37 to 43, with claim
25 or 28, wherein master(s) use strobe and reset pulses in
controlling communications an@ slave or router units during
said associated signal components and/or during gaps between
bit signals.

46. Method according to any preceding claim, wherein an in
unreflective state is used along with said reflections.

47. Signalling system or appaiatus for use in Carrying out
method according to any preceding claim.

48. Signalling system or apparatus acéording to claim 47 with
claim 37, wherein coupling of a slave or router node to a
transmission 1line implies a continuous conductive path
therethrough along which DC or low frequency AC power can be
passed along with signalling.

49. DApparatus according to claim 47 ,or claim 48, including
master circuitry for taking reflection components from
received signals in full duplex communication mode, said
circuitry affording transmission 1line termination at
transductance that is reciprocal of transmission line
impedance with direct feedback between output current and
input voltage as a common resistance equating point.

50. Apparatus according to ciaim 49, wherein fixed ratio

capacitance means cooperates with inverting voltage amplifying

SUBSTITUTE SHEET (RULE 26)

II ! l I ’ PCT/GB99/00008

||II|II| 1] IIIII || lIIl




WO 95/35780

means

and

affords

a

45
common

capacitance

intrusions from output waveform parameters.
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