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Bi-directionl signal transmission system. Fhob -t
;,,YPD":%‘ uof;g

The invention relates to é bi-directional signal transmission
system, comprising a bi-directional signal path with a low-impedance section
coupled to a high-impedance section, for transmission of a binary signal in both
directions. The invention further relates to an adapter for such a system.

- e,
S R

An example Qf such a system is the well-known I2C-bus system,

disclosed in, for instance, Philips Data Handbook IC12a, *I2C-bus compatible
ICs, Types MAB84X1 family to PCF8579", 1989, pp. 31-53. The I*C-bus
system is a serial bus system with stations (integrated circuits, ICs) that are
interconnected through a bi-directional two-wire transmission channel, one wire
for a binary data signal, and another for a binary clock signal, and that
communicate according to a predetermined protocol. Dependent on its particular
function within the system, each station can operate as transmitter or receiver, or
both.

The data wire as well as the clock wire are connected to a
positive supply voltage through pull-up resistors. The wires are floating high,
when the stations do not communicate. The stations’ output stages have interfaces
to the bus with an open-collector or an open-drain to perform the required wired-
AND connection of all interfaces to the I*C-bus.

_ The channel’s impedance, i.e., the pull-up resistors, and the
transmitting station’s current sinking capability both determine the highest
frequency usable and the longest distance possible between the transmitting
station and a receiving station. The channel’s parasitic capacitance becomes
larger with increasing distance. Consequently, since the mpac{tance and the
channel’s impedance determine the rise time and fall time of the signal, the
maximum transmission frequency drops. Reducing the channel’s impedance
would in itself allow higher frequencies. However, the transmitting station’s
limited and standardized current sinking capability would have to drain a larger
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current from the now smaller pull-up resistor, offsetting the advantage of the
channel’s reduced impedance. Therefore, the maximum transmission frequency
Hfor the I2C-bus system is about 100 kHz at 3 mA, whereas the maximum
«istance between the stations should not be much greater than about 4 meters. In
:addition, owing to the limited output current, the driving capability of the
{ransmitting :station (fan-out) is restricted.

. +Another example of such system is a microprocessor device
communicating with an integrated memory device over-bi-directiohal > -
interconnections through a buffer, a multiplexer or anoﬂxermunn@uee See,
for instance, Signetics Microcontroller User’s Guide, 1989, pp.-I-4 - I-7. The
operation of the routing device with regard to the direction of the data flow
.usually is controlled by the microprocessor. To this end, the microprocessor
supplies a read-command or write-command to the routing device. This
arrangement requires additional I/O pins, control circuitry and interconnections
for controiling the routing device.

As indicated above, the prior art systems are afflicted with
disadvantages that restrict the field of application with respect to the maximum
communication distance, to the maximum driving capability or to the minimum
number of 1/O pins required. It is therefore an object of the invention to provide
a bi-directional transmission system of the kind mentioned in the preamble,
wherein the distance between communicating stations can be considerably greater
than in the prior art. It is a further object of the invention to provide such a
transmission system wherein the driving capability of the transmitting station is
no longer a limiting factor. It is a still further object to provide means for widely
extending the application of single-wire, bi-directional bus systems, such as the
I2C-bus system. It is still a further object to provide adapting means to adapt
conventional circuitry in order to perform in accordance with these objects. It is
another object of the invention to reduce the number of interconnections and I/0
pins that constitute the communication channels between integrated circuit

devices. —
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‘To this end, the invention provides a bi-directional signal

-transmission system that comprises a bi-directional signal path with a low-

impedance section coupled to a high-impedance section, for transmission of a
binary signal in both directions. The system has an adapting means for adapting a
signal coupling between the sections under control of the signal itself, dependent
on a direction of the transmission.

~ The signal’s transmission direction is either from thé high-
impedance section to the low-impedance section, or from the iow-impedance
section to the high-impedance section. The: principle of the invention basically
lies in realizing that the transmission from the high- to low-impedance section is
the limiting factor in the communication, and that adapting the signal coupling in
bi-directional use should therefore occur under transmission direction control.
Upon arrival of the signal at the coupling between the sections, the adapting
means senses the propagation direction and thereupon modifies the signal
coupling. This architecture needs only local adapting means, i.e., located
between the sections, as distinct from prior art adapting means that are controlled
by additional control signals, for instance, the read/write command discussed
above. The latter .option would require ancillary control parts and control
connections, i.e. the number of I/O pins, increasing the number of parts nesded
and the cost.

The high-impedance section comprises, for instance, an output
xmpedance of a station capable of at least transmitting binary signals, and the
low-impedance section comprises a channel impedance of the bi-directional

-In an embodiment according to the invention, the adapting means
comprises a detector, for detecting the transmission’s direction, and a buffer
connected to the transmission channel. The buffer is controllable by the detector.
Upon detection of a particular direction of the transmission, the buffer is
controlled to operate substantially synchronously with the signal. In case of a
transmission into the other direction, the adapting means may be substantially
transparent to the signal. -
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~ “In a further embodiment of a system in accordance with the
invention, for transmission of an electrical signal, the detector comprises a

-gensing ‘element located between the sections. The system further comprises a

sensor for, upon seasing the polarity of a current through the element, supplying
-a control signal, indicative of the sensed polarity, to control the buffer.

7 - The sensor may comprise a differential amplifier for sensing the
polarity of the voltage over the sensing element. Preferably, linear-range means
‘are provided for keeping the amplifier in its linear range.-Its ariftifisation
‘characteristic is steepest in that particular region. Consequently; W&@mplifier’s
.output signal is most sensitive to input voltage changes within the-linear range.

' “"The sensing element may comprise, for instance, a resistive
-element, a pair of diodes arranged in a mutually anti-parallel way between the
'sections, or any other device, active circuit or passive circuit for generating a
voltage difference upon sensing a current flowing through the sensing element.

In case the adapting means is partially or entirely incorporated in
‘an integrated circuit, the diode arrangement in particular may contribute to the
saving of substrate area. The diodes may be of the Schottky-type which may be
advantageously in view of their low threshold voltage of 0.2 volts. The voltage
drop across the sensing element preferably matches the input signal operating
range of the differential amplifier. The other alternatives of the sensing element
may be integrated as well, together with the buffér and the sensor.

‘The buffer includes, for instance, a controllable current source
coupled to a node between the sensing element and the low impedance section.
The current source has a control input coupled to an amplifier’s output for being
controlled substantially synchronously with the transmitting circuit. In addition
the buffer circuit could be designed as a pulse shaper.

The current source may include a main current path of a bipolar
transistor coupled between the channel and a reference voltage. As is known,
bipolar transistors have steeper control-voltage/current characteristics than field
effect transistors, and drain-more current. Therefore, a bipolar transistor g'iires
rise to faster operation. Alternatively, the current source may comprise a field
effect transistor.-When the voltage across its main current path is reduced, its
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current driving capability is affected less than that of a bipolar transistor that
would be driven into saturation. A field effect transistor would be able to fully
charge or discharge the current source’s load, whatever the case may be.

In addition, the current source may comprise a compound device,
such as a Darlington transistor configuration or another current-amplifying
configuration to gain speed.

| Pfeferably, stabilizing means are provided for avoiding
oscillations in the frequency range of interest for the signal transmission. The
stabilizing means may, for instance, include at least one capacitive element
between one of the amplifier’s inputs and the amplifier’s output for
accomplishing phase-shifting. Alternatively, the stabilizing means may comprise
a non-linear element, such as a diode, in a feedback path of the amptifier. In
case the sensing element uses the anti-parallel diode arrangement, additional

- stabilizing means may not be needed since diodes are non-linear devices.

Preferably, the linear-range means includes an additional resistive
element coupling the inverter’s non-inverting input and the amplifier’s inverting
input through the sensing element. This prevents the amplifier from entering the

- flat range in its amplification characteristic. In case the current source comprises

a bipolar transistor, the additional resistive element also keeps the transistor away
from saturation.

Preferably, biasing means are provided for biasing the amplifier’s
output signal at a predetermined voltage level when the system is in a quiescent
state, This is used to keep the current source, e.g., the bipolar transistor, just
below its switching threshold. Consequently, less time is needed for pushing the
current source into its active state.

A plurality of adapting means according to the invention,
arranged in a cascade at intervals along a signal path, permits still longer
distances between communicating stations.

Note that the embodiments that are presented here are not limited to the
I’C-bus system. They may also be used in other bus systems that use bi- °
directional one-wire interconnections. Experiments on the C-bus system at 100
kHz have indicated that inter-station distancés can be on the order of magnitude
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of 100 meters and more when the system is equipped with adapting means in
accordance with the invention, while still permitting acceptable communication,

Note also that a separateiy available adapting means, preferably
as an integrated circuit, renders existing bus systems more versatile. The
adaption is made only locally, and does not require modifications in the
conventional circuitry itself.

The invention will be explained in further detail by way of
example and with reference to the accompanying drawing in which:

Fig. 1 shows a first example of a system with adapting means in
accordance with the invention;

Figures 2a and 2b show a prior art system and a second example
of a system with adapting means in accordance with the invention;

Figures 3a, 3b, 3c and 3d show the basic circuit of an adapting
means in accordance with the invention;

Fig. 4 shows a first embodiment for the adapting means;

Fig. 5 shows a second embodiment for the adapting means; and

Fig. 6 shows a third embodiment for the adapting means.

FIRST SYSTEM EXAMPLE
Fig. 1 shows a first example of a system with adapting means in

accordance with the invention. Shown is an 2C-system with two stations, 10 and
12, that communicate through a bi-directional, two-wire bus 14, Bus 14 includes
a data wire 16 for data signal transport and a clock wire 18 for clock signal
transport. The data signal and the clock signal both are binary signals.

Each of the bus wires 16 and 18 are pulled up to supply voltage
Vpp, through pull-up resistors 20 and 22, respectively, in the absence of
communication. Communication between stations 10 and 12 is accomplished by
pulling the wires low according to a predetermined protocol. Data is transferred
from one station to the other under clock control of the transmitting station or, as
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in the I2C-system, by the station initiating the transmission.

When the devices 10 and 12 comply with the [*C-standards it is
implied that, among other things, a limited current sinking capability of about 3
mA at 100 kHz exists for the transmitting station to pull a wire low. This
restricts the operating range of such device to about 4 meters, since the bus’
internal capacitance and pull-up resistors 20 and 22 limit the signal’s rise time
and fall time. Lowering the value of pull-up resistors 20 and 22 would result into
a larger load to be driven by devices 10 and 12, or, in other words, a net smaller
current sinking capability.

To overcome that problem, adapting means 24, 26, 28 and 30 are
introduced between each station, 10 and 12, and the wires 16 and 18. When, for
instance station 10 starts transmitting, either over data wire 16 or clock wire 18,
the relevant adapting means 24 or 26 modifies the bus’ impedance as seen from
station 10 upon detection of the signal propagating into bus 14. When station 10
is receiving a signal over wire 16 or 18 from station 12, adapting means 24 or 26
does not interfere with the communication and is substantially transparent.

Transmission is confirmed either through a separate control
connection (not shown) between the transmitting station and the associated
adapting means, or under control of the transmitted signal itself. The latter
alternative is preferred when the number of interconnections and I/O pins of the
stations and the adapting means are to be kept at a minimum. More importantly,
adaptivity under signal control permits use of standard I2C-devices. An integrated
circuit device could include an I2C-device and adapting means in a single chip or
enclosure to provide a compact device.

SECOND SYSTEM EXAMPLE

Figures 2a and 2b show a prior art system and a second example
of a system according to the invention, respectively.

Fig. 2a shows an example of a prior art system, comprising
integrated microprocessor circuit 32 communicating with integrated memory
circuit 34 through routing device 36 over a bi-directional bus. See, for instance,
Signetics Microcontroller User’s Guide, 1989, pp. I-4 - I-7, mentioned above.
Routing device 36 is, for instance, a muluplexer, ora bx-dxrecnonal buffer The
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operation of routing device 36 is controlled by microprocessor 32 by means of
control connection 35. An example of such buffer is an anti-paralle] arrangement
of two amplifiers, each with three-state outputs. The amplifiers are activated
alternately, for instance, through the read/write command that is supplied to the
buffers via control connection 35, depending on the direction of the data flow.

Fig. 2b shows a second example of a system in accord with the
invention with microprocessor 32 and memory circuit 34 communicating over a
bi-directional bus through an adapting means 38. Under the data signal (or
address signal) control the adapting means amplifies the signal. This architecture
does not need the additional control connection. Moreover, microprocessor 32
has one I/O pin less than the one in Fig. 2a, which reduces cost and control
circuitry.’
BASIC CONCEPT OF ADAPTING MEANS

Fig. 3a shows the basic idea of a circuit suitable for use as an
adapting means, for instance, adapting means 26 of Fig. 1. The same will apply
to adapting means 24, 28, 30 in Fig. 1 and adapting means 38 in Fig. 2b. Station
10 includes I/O terminal 40 for receiving and transmitting a binary signal.
Internally, terminal 40 is connected to pull-down transistor 42, used for
transmitting, and input buffer 44, used for receiving. Inherent to the I2C-bus
system is the wired-AND connection of the pull-down transistors. For further
detail, reference is made of the above Philips Data Handbook on 12C-bus

compatible ICs.

Adapting means 26 includes a sensing element 46, a differential
amplifier 48 whose inputs are connected across sensing element 46, and a pull-
down current source 50 connected between another supply voltage V, and wire
18. Current source 50 is controlled by the output of amplifier 48.

Sensing element 46 may comprise, for instance, a resistive
element 46a (Fig. 3b), an anti-parallel arrangement of a pair of diodes 46b (Fig.
3c), or any active circuit 46¢c (Fig. 3d) that upon sensing a current flowing into
it, generates a voltage difference between the inputs of amplifier 48. Connections
to amplifier 48 of elements 46a, 46b and 46¢ are indicated by plus signs and
minus signs, for connection to the non-inverting input and the inverting input
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respectively, of amplifier 48. For the sake of clarity, sensing element 46 is
assumed herein below to include resistive element 46a.

Operation is as follows. When pull-down transistor 42 is turned
on, indicating a transmission, amplifier 48 senses a voltage across resistive
element 46 with a predetermined polarity. This poldrity is opposite to the one
generated when a signal is received. Amplifier 48 provides an output signal that
distinguishes between a pulling-low by station 10 and other events in order to
activate current source 50 properly. In the example shown, upon a pulling-low
by transistor 42, the non-inverting input of amplifier 48 receives a higher voltage
than its inverting input. Amplifier 48 then generates a high output voitage to turn
on current source 50. Thus, current source 50 operates substantially
synchronously with transistor 42. In all other events, amplifier 48 maintains
current source 50 turned off, thereby keeping adapting means 26 substantially
transparent to incoming signals. Note that only the differential mode
amplification by amplifier 48 is relevant to the operation. Also note that the
transmission’s noise immunity is increased owing to the use of such an adapting
means.

FIRST EMBODIMENT OF ADAPTING MEANS

The basic concept of Fig. 3 needs some refinements. Firstly,
current source 50 has to be implemented, preferably, as a quick-reacting device.
Secondly, pull-up resistor 22 forms an inverter together with current source 50
that is arranged in the positive feedback path of amplifier 48. This configuration
may act undesirably as an oscillator. Phase-shifting means have to be introduced
to avoid oscillations in the frequency range of the transmission. Thirdly, in order
to provide a fast circuit, amplifier 48 has to be kept in its linear range where its
input-output voltage characteristic is the steepest.

In Fig. 4, an embodiment of adapting means 26 is shown that
complies with the above requirements. Current source S0 now is constituted by
bipolar transistor 50. As is well known, a bipolar transistor has an exponéntial
current-voltage charaéteristic and therefore can function as a fast-reacting current
source. The phase-smfnng- :ﬁéns comprises a capacitor 52, coupling the output
of amplifier 48 to the inverting input of amplifier 48, and a capacitor 54,
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coupling the base electrode of transistor 50 to wire 18. In order to keep amplifier
48 and transistor 50 out of their respective saturation ranges, a resistor 60 is
connected between terminal 40 and the inverting input of amplifier 48. Resistors
56 and 58 act as a voltage divider and hold the inverting input at a predetermined
voltage below V,, when the wire is inactive, thus giving amplifier 48 an offset.
A resistor 62 is introduced between the output of amplifier 48 and the base of
transistor S0 to limit the current into the base.

In a typical embodiment, where the difference between Vpp and
V,, is about 5 volts, the above passive components preferably have the following
typical values. Sensing resistor 46 is approximately 200 ohms. Capacitors 52 and
54 are approximately 220 pF and 22 pF, respectively. Resistors 56, 58 and 60
are approximately 4.7 kohms, 47 kohms and 470 ohms, respectively. Resistor 62
is approximately 2.2 kohms.

- SECOND EMBODIMENT OF ADAPTING MEANS

The circuits of Figures 3 or 4 can be considered as impedance
matching circuits for one direction. Its field of application extends beyond the
communication systems discussed with reference to Figures 1 and 2, which were
only given by way of example.

Fig. § shows the principle of a configuration for actively
controlling the signal coupling in both directions. A communication bus 70
couples two circuits (not shown) that both are capable of transmitting and
receiving a signal on the bus 70. A sensing resistor 72 is inserted into the bus.
Resistors 74 and 76 represent the pull-up resistors. A differential amplifier 78
has outputs 80 and 82 supplying mutuaily complementary control signals. One of
current sources 84 and 86 will be turned on, dependent on the propagation
direction of the signal along wire 70. The other current source 86 or 84 stays
inoperative.

| Experiments indicate that such configuration reduces the effects
of ground voltage shifts, that occur when a current in the supply line causes
voltage drops, owing to the internal resistance of the ground voltage supply line.
Also, this configuration may be used to couple two physically different low-
impedance sections of a transmission channel, such as a coax cable and a twisted

is Sheet Has Been Replaced

[ Ill (T




10

15

[ THIS SHEET HAS BECN
EPLACED
PHA 1219 11 7.8.1991
line pair,
THIRD EMBODIMENT OF THE ADAPTING MEANS
Fig. 6 shows an implementation of the scheme in Fig. 5.

Amplifier 78 is implemented by the arrangement of amplifier circuits 90 and 92,
each having an inverting input coupled to a non-inverting input of the other

amplifier circuit. Sensing resistor 72 of Fig. 5 now comprises a series
arrangement of resistors 94 and 96. A third resistor 98 connects a node between
resistors 94 and 96 to ground. Pull-up resistor 74 and resistor 94 form a voltage
divider with resistor 98 that is connected to the inverting input of amplifier 92.
Its function has been discussed with reference to Fig. 4. In this way, the voltage
divider partially merges with components already available. Similarly, pull-up
resistor 76 and resistors 96 and 98, form another voltage divider that is
connected to the inverting input of amplifier 90.

Current sources 84 and 86 comprise bipolar transistors 100 and
102, respectively. Resistors 104 and 106 limit the current flowing into transistor
100 and 102, respectively. Capacitors 108 and 110 perform phase-shifting for
keeping oscillations out of the particular frequency range associated with the
signal transmission.

T ———
—————
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1. A bi-directional signal transmission system comprising a bi-

directional signal path with a low-impedance section coupled to a high-impedance
section, for transmission of a binary signal in both directions, and adapting
means for adapting a signal-coupling between the sections under control of the
signal itself, dependent on a direction of the transmission.

2. System as in Claim 1 wherein the adapting means comprises a
detector, for detecting the transmission’s direction, and a buffer being controlla-
ble by the detector and having a buffer output coupled to the signal path, for
upon detecting a particular direction, operating substantially synchronously with
the signal.

3. System as in Claim 2, the signal including an electrical signal,
wherein the detector comprises a sensing element located between the low-impe-
dance section and the high-impedance section, and a sensor for, upon sensing a
polarity of a current through the sensing element, supplying a control signal
indicative of the sensed polarity, to control the buffer.

4, System as in Claim 3 wherein the sensing element comprises at
least one of the following devices: a resistive element, an active electronic circuit
for generating a voltage difference indicative of the direction of a current flowing
through the sensing element, a pair of diodes, preferably Schottky diodes,
arranged in a mutually anti-parailel way between the sections.

5. System as in Claim 3 or 4 wherein the sensor comprises a
differential amplifier having the sensing element coupled between an inverting
input and a non-inverting input for sensing the polarity.

6. System as in Claim 5 wherein the amplifier has biasing means for
keeping the amplifier in its linear amplification range.

7. System as in Claim 5 or 6 wherein the amplifier has stabilizing

means to avoid osciliatioqs_within a frequency range associated with signal

~transmission over the signal path.

8. System as in Claim 3, 4, §, 6, or 7 wherein the buffer comprises
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a controllable current source connected to a node between the sensing element
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and the low-impedance section, for under control of the sensor operating in
schhronism with the signal propagating into the particular direction.

9. System as in Claim 8 wherein the current source comprises a
5 main current path of a transistor having a control electrode coupled to the sensor.
10. System as in Claim 2, 3, 4, §, 6, 7, 8 or 9 further comprising a

further buffer, the buffers outputs being coupled to the different sections of the
signal path and being alternately activateable by the detector dependent on the
sensed polarity.

10 1. System as in Claim 10 wherein the detector comprises a first

‘ sensing element and a differential amplifier having an output coupled to the

buffers for mutually complementary controlling the buffers dependent on the
sensed polarity.
12. _System as in Claim 11 wherein the amplifier comprises first and

15 second differential amplifier circuits, each circuit having an inverting input and
having a non-inverting input coupled to the inverting input of the other circuit,
and wherein a second sensing element is arranged in series with the first sensing
element between the inverting input and the non-inverting input of each circuit, a
node between the first and second devices being coupled to a reference voitage

20 node. :
13. System as in any of the preceding Claims wherein a plurality of

adapting means is arranged forming a cascade.
14, : Adapting means for use with a bi-directional signal transmission

system according to any of the preceding Claims that includes a bi-directional
25 signal path with a low-impedance section coupled to a high-impedance section
 through a signal coupling for transmission of a binary signal in both directions
along the path, the adapting means adapting the signal-coupling under control of
the signal itself dependent on a direction of the transmission.
18. Adapting means as in Claim 14, the signal including an electrical
% signal, comprising a sensing element interconnecting the sections, a sensor for,

upon sensing a polarity of a current trough the sensing element, supplying a
control signal indicative of the sensed polarity to control a buffer with an output
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coupled to the signal path, wherein the sensor and the buffer are incorporated in
an integrated circuit.

16. ~Adapting means as in Claim 15 wherein the sensing element is
incorporated in the integrated circuit. |
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