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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.
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An example of such a system is the well-known C-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

10 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

15 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-
20 AND connection of all interfaces to the 2C-bus.

The channel’s impedance, i.e., the pull-up resistors, and the

| ' transnutnng 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

25 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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: 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

. 5  addition, owing to the limited output current, the driving capability of the

' transmitting :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,

‘ 10 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

F 15 for controlling 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
20 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
25 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
30  another object of the invention to reduce the number of interconnections and 1/0
| pins that constitute the communication channels between integrated circuit

R LSNP

devices. o
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5 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
10 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
15 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
20 connections, i.c. the number of I/O pins, increasing the number of parts needed

—

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
25 transmission channel.

-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
30 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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“addi tion, ; owi nginventiong for trarismissioat gfldn electrieal tsignal) ¢heldetedtonconyides i ty of
he transmtting of 22&%‘%‘&&3%&3 tﬂggécg:ikgg.%esyswm further comprises a
k sensor for, upon seasing the polarity of a current through the element, supplying
Y 5 -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. Consequeéntly,; W&&mplifier’s
. 10 -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

Bt

LA

L voltage difference upon sensing a current flowing through the sensing element.
b 15 In case the adapting means is partially or entirely incorporated in

xre

‘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
i 20  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
25 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
30 effect transistors, and drain-more current. Therefore, a bipolar transistor gives
; 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,
s 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
10.  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.
15 Preferably, the linear-range means includes an additional resistive

evi ce.
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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
20 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

3B 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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application with raé:gorg%x%oq ﬁfélg%r‘g&gﬁﬂ Pide Etﬁgé“" ""EM@ commppication., e
maxi mum dri ving Capabl lity OING®alsh¢hatianiepardtely available adapting means, preferably

as an integrated circuit, renders existing bus systems more versatile. The

' 5 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
110 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;
15 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.
20

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

25 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

30 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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conmmuni cat:i I5 on ?egg{é&etlh% o%g}a%ge rxlaniggto?%{xéﬁ d ge' &Call')ioat 4 mefgeer\s!,i s(ix?cse 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.
10 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 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
20  alternative is preferred when the number of interconnections and I/0 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.
25  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
30 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 mulﬁplexegr a bi-directional buffer. The

{
3
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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
15 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

J0  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

15  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

20 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-

25 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
-30 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
5 element 46 with a predetermined polarity. This polarity 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
10 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
15 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,

120 current source SO 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

;25 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

30 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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A resistor 62 is mtrodueed 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

[ « . e e

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
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that are controlled by additional control signals,.for.instance, the
read/ wite command di scussed above. The |atter opt]ildih pEFT HASABHENE
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5  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.
10 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
15 102, respectively. Resistors 104 and 106 limit the current flowing into transistor
5 100 and 102, respectively. Capacitors 108 and 110 perform phase-shifting for
keeping oscillations out of the particular frequency range associated with the
signal transmission.

——
———
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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
0 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-

CLAIMS:

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

PS 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,

{0 arranged in a mutually anti-parallel 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
B yeeping the amplifier in its linear amplification range.
7. System as in Claim 5 or 6 wherein the amplifier has stabilizing

means to avoid oscillations 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

This Sheet Has Been Rep
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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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The current source may include a main current—path _of a bipolar transistor (o E
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l ess than that cﬁx-&ebhﬁdl@fgnﬂrmnﬁdsm Rein andudddptet fatrsuckea system.
saturatian. A field effect transistor would be able to fully charge or

dlschargq the current source's |oad, whatever the case may be.
I n additiion, the current source nmay conprise a conpound devi ce, such as a
Darlingtén transistor configuration or another current-anplifying

configuration to gain speed bi-directional signal transmission system comprises a bi-

directional signal path with a low-impedance section coupled to a high-impedance g
section through a signal coupling for transmission of a binary signal in both N\
directions; and adapting means for adapting the signal coupling under control of | ~
| s the signal itself, dependent on the transmission direction. >C-bus systems in
particular benefit from the presence of the adapting means since communicating
| stations now can be located farther apart than was practical previously. In
addition, the driving capability of the transmitting station is no longer a limiting
factor.

10
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The invention relates to 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. The invention further relates to an adapter for such a system.

An example of such a system is the well-known I*C-bus system,
disclosed in, for instance, Phﬂips Data Handbook IC12a, "I2C-bus compatible
ICs, Types MAB84X1 family to PCF8579", 1989, pp. 31-53. The I*C-bus
system 1is 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 [2C-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 recetving station. The channel’s parasitic capacitance becomes
larger with increasing distance. Consequently, since the capacftance and the
channel’s impedance determine the rise time and fall time of the signal, the
maximum transmissio_n 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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:addition, owing to the limited output current, the driving capability of the

-transmitting station (fan-out) is restricted.

‘Another example of such system is a microprocessor device

y

communicating with an integrated memory device over bi-directional:
interconnections through a buffer, a multiplexer or another routingwdevice. See,
for instance, Signetics Microcontroller User’s Guide, 1989, pp. I-4 - 1-7. 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 controlling 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 I/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 inveation to reduce the number of interconnections and I/O
pins that constitute the communication channels between integrated circuit

devices.
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indicated that inter-station distances can be ‘on the order of magnitude
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 the high-
impedance section to the low-impedance section, or from the low-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 directioh 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 needed
and the cost.

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

.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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require nodifications in the conventional circuitry itself. —

In a further embodiment of a system in accordance) with the

invention, for transmission of an electrical signal, the detector comprises a
-sensing element located between the sections. The system further comprises a
sensor for, upon sensing the polarity of a current through the element, supplying
:a control signal, indicative of the sensed polarity, to control the buffer.
© 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 amplification
‘characteristic is steepest in that particular region. Consequently,”thé amplifier’s
-output signal is most sensitive to input voltage changes within the linear range.
“The sensing element may comprise, for instance, a resistive

selement, 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
woltage 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 gives
Tise 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 bipolarjtransistor 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.

.Preferably, 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 amplifier. 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
*C-bus system. They may also be used in other bus systems that use bi-
directional one-wire interconnections. Experiments on the 2C-bus system at 100

kHz have indicated that inter-station distances can be on the order of magnitude
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Note also that a separately 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 systern 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 12C-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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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

under cl ock
3)

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 I?C-devices. An integrated
circuit device could include an 12C-device and adapting means in a single chip or
enclosure to provide a compact device.

SECOND SYSTEM EXAMPLE

Figures 22 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 - 1-7, mentioned above.
Routing device 36 is, for instance, a multiplexer, or a bi-directional buffer. The
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operation of routing device 36 is controlled by microprocessor 32 Hy means of

control connection 35. An example of such buffer is an anti-parallel 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 I2C-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.

Sens‘ing 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¢ (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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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 polarity 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 voltage 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, therebykeeping 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 50 now is constituted by
bipolar transistor 50. As is well known, a bipolar transistor has an exponential
current-voltage characteristic and therefore can function as a fast-reacting current
source. The phase-shiftiné means 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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r a9 etwgen terminal 40 and the inveitigg inputof @mplifiar 4%aResistoraf

prior an syskeiig S§R 4% {8ltage 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 50 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 oixms. 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. 5 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 mutually 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

a



integrated mcroprocessor circuit 32 communicating with integrated nenory
circuit 34 through routing devic -direction bus,_ See -f~0~r~“
" instance, Signetics M crocontrol

menti oned above. Routing device 36 |stJ | sté'\h e, a
bi -directional buffer. The operati Y ng dgvi ce
m cr oprocessor 32 by neans of control _.¢connecti 0
buffer is an anti-parallel arrangenment~of two anplifiers
three-statﬁ g;uputs The anplifiers are activated alternptely, for
I nstance, Af ugh the read/wite command that is supplie buffers
vi a cont r oTHIRDNEMBODIMENT®PAHE ADAPTING MEANSt i on of the data flow
Fig. 2b shows a second exanple of a systemin accord with the invention
wi th nicroprocessor 3Pigafcshawsanyimplenientation of thenseheme ar Figy dver a

bi - direct | angifah'9s i ipteeMBa BY A Adhe a0 Bnpit il Shrchitol' o) gnal (or

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 resistofs 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.



address signal) control the adapting neans anplifies the signal. This
architecture does not need the addit"cm rol connection. Mreaver.....
m croprocessor 32 has one |/O pin |eps §H§Et7h§ﬁ\© Fig.;2a, - whi:GhsHEET
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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, fqr transmission of a Binary signal in both directions, and adapting
means for ddapting a signal-coupling between the sections under control of the
signal itself, dependent on a direction of the transmission.

2. System as in Claim ! 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—i.mpedance 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-parallel 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 oscillation_s_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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/O termnal 40 for rece|V|ng andtransmttlng _
Internally, terminal 40 is connected to pall-down transistpr 42, used for

a controllable current source connected to a node between the sensing element
and the low-impedance section, for under coatrol of the sensor operating in
synchronism with the signal propagating into the particular direction.

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

11. 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
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 voltage
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
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.

15. 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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rerttongl signal trapsmpissien syséem and adaptes for sychra systeam.ce 50

non-inverting input of anplifier 48 receives a higher voltage than its
inverting input. Anplifier 48 then generates a high output voltage to tu

A bi-directional signal transmission system comprises a bi-
directional 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; and adapting means for adapting the signal coupling under control of |
the signal itself, dependent on the transmission direction. I2C-bus systems in
particular benefit from the presence of the adapting means since communicating
stations now can be located farther apart than was practical previously. In
addition, the driving capability of the transmitting station is no longer a limiting
factor.

Figure 1
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that is arranged in the positive feedback path of anplifier 48. This

configuration may act undesirably as @? cillator. Phase-g
have to be introduced to avoi d oscilfl a -t he frequengy
transm'ssion. Thirdly, in order to Vi %Pg ffa§t\§|J cuit,
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Current source 50 now is constituted by bipolar transistor 5
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output of anplifier 48 tlo the inverting input of anplifief 48, and a
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48 and transistor 50 out of their respective saturation ranges, a Lesisi-
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48. Resistors. 56 and 58 act as a vol tag@ and hol

i nput at a predeterm ned voltage bel ow V[err]-rp@éfn the wir
thus giving anplifier 48 an offset. A resistapl” ?%/’-'int odlu
50

the output of anplifier 48 and the base of transistor
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current into the base. In a typical enbodilnent, where the

di fference between V[err] and V[err] is mbout 5 volts, thd_above—passtve

: err] is wbou oue—pes:
36 s appr oxi ﬁafﬁ??*%ﬁ%ﬁ%@%g%g@%%%%ﬁé%ﬁ%@pﬁff‘&iﬁ% cl'y 220 pF

and 22 pF, respectively, Resistors

O are approxi mately 4.7

kohnms, 47 kohns and 470 ohns, respectively. Resistor 62 is approximately

2.2 kohns.

The inventlon relales o a bi-diractional signal transmission system. The
invention further relales 10 an adapling means for such a system. '

An axample of such a system is lhe well-known 12C-bus syétem. disciosed In, for
instance, Philips Data Handbook IC12a, " I’C bus compalible ICs, Types MABBAXI
family to PCFB578", 1889, pp. 31-53. The I’C bus system is a serlal bus system wilh
stalions (Integraled circuits, ICs) that are inlerconnected through a bi-diractional iwo-
wire tronsmission channel, one wire for a binary data signal, and anolher for a binary
clock signal, and thal communicale according to 2 predelermined protocol. Dependent
on its particular function within (he system, each stalion can operate as transmitter or
receivar, or both.

The data wire as well as the clock wire are connacled_ io a poslitive supply
vollage through puli-up resistors. The wires ara floating high, when the stations do not
communicale. The stations' outpul stages have interfaces to the bus wilh an open-
collsctor or an open-drain lo perform the required wired AND connection of all
interfaces to the 1*C bus. |

The channgl's impedance, le., the pull-up resislors, and ine transmilling
station's current sinking capabilily both determine the highes! fraquency usablie and
the longest distance possible belween the lransmiuing stalion and a receiving station.
The channel's parasilic capacitance bacomes ilarger with increasing dislance.
Consequantly, since the capacitance and the channel's impedance determine lho rise
lime and fall lime of the signal, the maximum transmission frequency drops. Reducing
ihe channel's impadance would in Itsell allow higher frequencies. However, the

transmitling stalion’s limiled and slandardized current sinking capability would have to
drain a larger current from the now smaller pull-up resistor, offsetting the advantage of the
channel's reduced impedance. Therefore, the maximum transmission frequency

for the 12C-bus system is aboul 100 kHz al 3 mA, whereas the maximuin
distance 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
transmitting station (fan-out) is restricted. '
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Another example of such system Is a microprocessor device

communicating with an Inlegraied memory device over bi-directional
interconnections through a buffer, a multiplexer or another routing device. Sce,
for instance, Signetics Microcontroller User's Guide, 1989, pp. 1-4 - I-7, The
operation of the routing device with regard 1o the direction of the data flow
usually is controlied by the microprocessor. To this end, the microprocessor
supplics a read-command or write-command to the routing device. This
arrangement requires additional 170 pins, control circuitry and intercoanections
for controlling the routing device.

As indicated above, the prior art systems are afflicted with
disadvantages that restrict the ficld of application with respect to the maximum
communication distance, to the maximum driving capability or to the minimum
number of /O pins required. It is therefore an object of the invention to provide
a bi-dircctional transmission sysiem of the kind mentioned in the preamble,
whereln 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 stlll further object to provide means for widely
extending the application of single-wire, bi-directional bus systems, such as the
12C-bus aystem. 1t 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 1/Q
pins that constitute the communication channels between integrated circult

devices.
To this end, tha invention provides a bi-directional signal- transmission system

comprising;

- firs! and second stations.

- 2 sipnal path Interconnecting the first and second stations for transmitiing an
eleclrical signal beiween the stalions, the signal path being coupled io a supply
voltage node via a pull-up resistor;

- @ sensing element Inciuded in the signel path so as o inlerconnect the stations end
being oparative 1o enable the signal to creale a vollege over the slement, the vollage



matching circuits for one direction. Its field of applicat W%—P ”‘”“35@@. EET

beyond the comrunication systens discussed with reference
2; which were only given by way of exanple. Fig. 5 sho
the principle of a configuration for actively controlling|the % g 1999
coupling in both directions. A comunication bus 70 couplésjtwo circuits
(not shown) that both are capable of transmtting and recgiwH St gnal
on the bus 70. A sensing resistor 72 s inserted into the tf_l-__BﬁﬁﬁLﬁ-"—S———
74 and 76 represent the pull-up resistors. Adifferential ﬁrrp Ifier 78 has

out puts 8Maaing saDlarity gependingren adiresticoehispesmistian @long e BAINs| gnal s. One of
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stays i napesersingeeiement being coupled between the inputs;

. a conirollable current source connected to the signal path and operative lo discharge

the signal path under the conltrol of the output of the differential amplifier and forming

an inverler with the pull-up resistor.

The signal's transmission direclion is either from the high impedance seclion to
the low-impedance seclion, or from Ihe low-Impedance seclion to the high-impedance
section. The principle of the invention basically fies in realizing thal the transmission
from the high- to low-impedance section is the limiling factor in the communication,
and thal adepting the signal coupling in bil-diractional use should therefore occur
under Iransmission direcli.'n control. Upon arrival of the signal al the coupling

belwaen the seclions, the adspling means senses the propagation direction and
thoreupon modifies the signal coupling. This architeclure needs only locel adapling
means, i.e., loceted beiween the sections, as distinct from prior arl adapling means
that are controlled by sddilional conlrol signals, for instance, the read/wrile command
discussed abova. The lalter oplion would require anclilary control paris and control
connactions, 1.8. the number of IO pins, Increasing the number of parls nasded and
the cozt

The high-impedance section comprises, for instance, an outpul Impadance ot a
slation capablie of al least lransmitling binary signats, and the low-impedance section
caomprises a channel impedence of the bl-directional transmission channel.

Another aspec! of the invenlion comprises an adapling means for use In
signal path for \ransmission of 8 signal belwasn first and sacong stations in a bi-
direclional signal transmission system, wherein the signal path is coupled to a supply
voltage node via a pull-up resistor, the adapling means comprising; '

- 2 sensing element for being included in the signal path to couple the stations and
operativa o enable the signal to creale a voltage over the element, the vollage having
a polarity depending on & direction of transmisslon siong the signal path;

- 8 differential amplifier having an inverting input, a non-inverling input and an output,



Experinments indicate that such configuration reduces the eff€e SLAREMENRT

val tage shifts, that occur when a current in the supply lin

driops, owing to the internal resistance of the ground voltage suggleg i 8&9
Al so, this configuration may be used to couple two, physical ljy {di (T

| ow- i npedance sections of a tranmmission channel, such as

a tw sted
Fig. 6 sh
I mpl enent
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anplifier

arrangenen

bet ween

forming an inverter wilh the pull-up resistor In the invention the differentia! amplifier
senses the polarity of the vollage over the sensing eleament and supplies a signal to
control the controllable currenl source

Prelerably, linear-range means are provided for keeping tha amplifior in its
linear ranga. lls amplification characleristic is steepest in that particular region.
Consequently, the amplifier's output signal is mos! sensitive 1o Input vollage changes
within the linear range.

The sensing element may comprise, for instance, a reslislive element, & pair of
dicdes arranged in a2 mulually anﬁ-parallél way, or any other device, active circuil or
passive circuil for generaling a vollage differance upon sensing a current flowing
through tha sensing elemeni.

in case the adapling means is parlially or entirely incorporated In an Inlegrated
circuit, the diode arrangement in particuler may contribute to the saving of substralo
.area, The diodes may be of the Schottky-lype which may be sdvantageously in view of
their low threshold voitage of 0.2 voils. The vollage drop across the sensing element
preferably malches the input signal operating range of the differential amplifier. The

other allernalives of the sensing element may be integrated as wall, togethoer with the

controllable current source and differentisl amplifier.

The curren! source may include a main current path of a bipolar transislor
coupled belwenn the channe! and a relerence voltage. As Is known, bipoler lransistors
have steeper control-vollage/current characteristics than field effect transistors, and

drain more current. Therelore, 8 bipolar rensistor gives rise to faster operalion.
Alternalively, the current source may comprise a field effecl {ransistor. When the

bt e PPt SRaPbEb: e, el Hs JgtefETrhaREy 3rdr 12

voliage across ils main current path is reduced, its current driving capability is affected less

than that of a bipolar transistor (53, Would boe driven into saturation, A field effect transistor

would be able to fully charge or discharge the current source's load, whatever ihe casc- may be.

In addition, the current source may comprise a compound device,
.such 23 & Darlington iransistor configuration or another current-amplifying
configuration to gain speed.



résistors 94 and 96 to ground. Pull-up resistor 74 and resistaor 94 -fermea
voltage divider with resistor 98 that is connected to theppppxeEMiiTgSHiu
of anplifier 92. Its function has been discussed with rkf T 4.
In this way, the voltage divider partially merges with ¢o Q{:ﬁl’l@@iﬁ ead
available. Simlarly, pull-up resistor % and resistorsj9% a X rm
anot her voltage divider that is connected to the inverting i
anplifier 90. Current sources 84 and 86 ¢onprise bipol ar
transi stors 100 and 1O@&ferabdg,seabilizing|nyeaniies pRivives forQdoidin -t tie
current flow Is ' r.. 100, an 0 Lespectiyv wCapacitors 108
and 110 per :‘A%Jraﬁ%a‘p‘)ﬂégréh%w&tﬁg b °P19§eé%? ﬁ’é %lfss&q“f'ﬁotﬁnf%ﬁg"%l}?'cof t he
particul ar fseldizitcypeansimyy, fos Sroanee;, delude atledshene @mpapitve clemams i ssi on.

between one of the amplificr'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 amplifier. In

casc the sensing clement uses the anti-parailel diode arrangement, additional

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

Preferably, the lincar-range means includes an additlonal resistive
clement coupling the inverter's non-inverting input and the amplifier’s inverting
input through the scnsing element. This prevents the amplifier from entering the
Nat range in its amplification characteristic. In case the current source comprises
a bipolar transistor, the additional resistive clement also keeps the transistor away
from saturaton.

Preferably, biasing means are provided for biasing the amplificr’s
output signal at a predetermined voliage level when the system is in a quicscent
state. This Is used to keep the current source, e.g., the bipolar transistor, Jusl
below its switching threshold. Consequently, less time is needed for pushing the
currenl source into its active stale,

A plurality of adapting means according 1o the invention,
arranged In a cascade at intervals along a signal path, permits still longer
distances betwaen communicating stalions.

Note (hat the embodiments that are presented here are not limited to the
12C-bus system. They may also be used in other bus systems that use bl-
directional one-wire interconnections. Bxperiments on the 12C-bus system at 100
ki{z have Indlcated thal inter-station distances can be on the order of magnitude

of 100 meters and more when the system is equipped with adajting means in
accordance with the lnvention, while stillt permitting acceptable commuziication.
Note also that a separately available adapting means, preferebly
as an integrated circuit, renders existing bus systems morc vessatile. The
" adaption Is made only locally, and does not require modifications in the

conventional circuitry itself.
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The invention will be explained in further detail by waylof

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 22 and 2b show a prior art sysiem and a second example
of a syslem with adapting means in accordance with the invention;
Figures 3a, 3b, 3c and 3d show the basic circuit of an adapting
means . accordance with the invention;
- Fig. 4 shews a first embodiment for the adapting means;
Fig. § 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 sysiem with adapting means in
accorrdance with the invention. Shown Is an 12C-systern with two stations, 10 and
12, that communicate through a bi-directional, two-wire bus 14. Bus 14 includes
a data wirc 16 for data signal transport and a clock wire 18 for clock signal
transport. The data signal and the slock signal both are binary signals.

Each of the bus wires 16 and 18 are pulled up to supply voltage
Vpp, through pull-up resisiors 20 and 22, respectively, in the absence of
communication. Communication between stations 10 and 32 1s accomplished by
pulling the wires low according (o a predetermined pmtocé!. Data s teansferred
from onc station to the other under clock control of the transmiting station or, as

in the I2C-system, by the station Initiating the transmission.

When the devices 10 and 12 comply with the *C-standards it is
implicd 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 Jow. This
restricts the operating range of such device to about 4 meters, since the bus’
internal eapacitance and pull-up resistors 20 and 22 limit the signal’s risc time
and fall time. Lowering the value of pull-up resisiors 20 and 22 would resull into
a larger load to be driven by devices 10 and 12, or, in other words, a net smaller
current sinking capabillty.



CLAIMS 1. A bi-directional signal transm ssion syste SR
first and second stations, - a signal path interconnectingithe first d
second stations for transnitting an electrical signal betwden15hé!y @f@@?o S
t he 'si gnal pat’h being coupled to a supply voltage node vila la pull -up
resistor; - a sensing elenent included in the signal pathl so as to

I nterconnect the stations and being opefative to enable the signal -te
create a voltage over the elenent, the voltage having a polarity dependi ng

on a direction of transpission along the path; - a dlfferent | anplifier
having an inverting i nphP OVeIFPTRfaY AEQRlem, ﬂgpq“ﬁm&‘""a?ﬂi 22 are

introduced between cach station, {0 and 12, and the wires 16 and 18. When. for
instance station 10 starts transmitling, cither over data wire 16 or clock wire 18,
the relevant adapting means 24 or 26 modifles the bus’ impedance as scen 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, adapling means 24 or 26
"~ does not interfere with the communication and is substantially transparcnt.

Transmission is confirmed elther through a separate control
connection (not shown) between the teansmitting station and the associated
adapting means, or under control of the transmitied signal itself. The latier
alternative is preferred when the number of Interconnections and 1/0 pins of the
stations and the adapling means are o be kepl at 2 minimum. More Importantly,
adaptlvity under signal contro! permits use of standard 12C-devices. An integrated
circuil device could include an 12C-device and adapting means in a sinple chip or
cnclosure 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,

Tig, 2a shows an example of a prior art system, comprising
integrated microprocessor circuit 32 communicating with Integrated memory
clreuit 34 through routing devics 36 over a bi-directional bus. See, for instance,
Signetics Microcontroller User's Guide, 1989, pp. I-4 - I-7, montioned above,
Routing device 36 is, for instance, a multiplexer, or a bi-divectional buffer. The
operation of routing device 36 is controlled By microprocessor 32 by means of
conirol connection 35. An example of such buffer is an anti-parallel arrangement
of two amplifiers, each with thres-state outputs. The amplifiers are aclivated
altemately, 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 8 system in accord with the
invention with microprocessor 32 and memeory 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 contral connection. Moreover, microprocessor 32
has one I/O pin less than the one In Fig. 2a, which reduces cost and contro]l
circuitry.



t he sensing el enent being coupl ed between t'he inputs; -
current source connected to the signal path and operativ
signal path under the control of the output of the dlffe e
-and formng an inverter with the pull-up resistor. 2.
claim 1, conprising a second controllable current sourc
si gnal path so that the sensing elenent is | ocated betweegn lsa
controll able current sources, and whera n the differenti anplifier
conprises a second output connected to the second control

source and Opﬁf‘ﬁé}fﬁf*ﬁ@ f%%m"ﬁﬁ(ﬁﬁ%ﬁ?@ controllable current source

oppositely to oned current source, stem of claim

1, conprising: - a secorF«iG Sarshowdgthe basiscide ofc GircHi s'émg‘é‘rrf"eg“é‘}/r"ﬁngenent with
the first- ”e”tnhfﬁ:ﬂﬁgmcans. for Instance, adapting means 26 of Fig. 1. The same will apply

to adapting means 24, 28, 30 in Fig. 1 and adaptlng means 38 in Fig. 2b. Station
10 includes 1/0 terminal 40 for receiving and transmitting a binary signal.
Internally, terminal 40 is connected to pull-down transistor 42, used for
transmilting, and input buffer 44, used for recciving. Inherent to the 12C-bus
system fs 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 sansing element 46, 2 differential
amplifier 48 whose Inputs arc connected across sensing element 46, and a puli-
down current source SO connected botween another supply voltage V,, find wire
18. Current source 50 is controlied by the output of amplifier 48.

Sensing clement 46 may comprise, for instance, a resistive
clement 46a (Fig. 3b), an anti-parallel arrangement of a pair of diodes 46b (Fig.
3c), or any active circult 46¢c (Fig. 3d) that upon sensing a current flowing into
it, generates a voltage difference between the inputs of ampilifler 48. .Connecilona
w0 amplifier 48 of elements 463, 46b and 46¢ are indicated by plus signs and
minus signs, for connection to the non-inverting input and the lnyenlng input

respectively, of amplifier 48. For the sake of clarity, sensing clement 46 is
assumed herein below to include resistive element 46a.

Operation is as follows. When pull-down transistor 42 Is tumned
on, indicating a transmission, amplifier 48 senses a voltage across resistive
element 46 with a predetermined polarity. This polarity is opposite 1o the one
pencrated when a signal is received. Amplifier 48 provides an output signal that
distinguishes between a pulling-low by slation 10 and other events in order to

" activale current source SO 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. Amplificr 48 then generates a high output voltage to turn
on current source SO. Thus, current source SO operates substantially

synchronously with transistor 42. In all other events, amplifier 48 maintains
current source SO turned off, thereby keeping ndapting means 26 substantially



sensing el enent; - a second controllable current source connect-eée-to-tirg™”
WeRgP SATMENT SHEED
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signal path so that the series arrangenent is |ocated bet
control |l able current sources: - a second differential anpli
' non-inverting input connected to the inverting input of thelf iL Fm@g@gon d
differential anplifier, an inverting input connected to thelnohZinverting
i nput ‘of the first differential anplifier, and an out put
second control |l able current source,9the second sensing el
coupl ed between the inputs of the second differential anpli4
iransparent to incoming signals. Note that only the differential mode
amplification by amplifier 48 is relevant to the operation. Also note that the
transimission’s noise immunity {s increased owing to the use of such an adapting
means.
FIRST EMBODIMENT OF ADAPTING MEANS
The basic concept of Fig. 3 needs some reflinements. Firstly,
current source 50 has to be implemented, preferably, as a quick-reacting device.
Sccondly, pull-up resistor 22 forms an inverter together with current source S0
that Is arranged in the positive feedback path of amplifier 48. This configuration
may act undesirably as an oscillator. Phase-shifting means have (o be introduced
'0 avoid oscillations In the frequency range of the transaission. Thirdly, in order
o provide a fast circuit, amplifier 48 has to by kept in lts linear range where its
input-output vollage characteristic is the steepest,

In Fig. 4, an embodiment of adrpting means 26 is shown that
complies with the above requirements. Current source S0 now I constituted by
bipolar transistor 50. As is wel) known, a bipolar transistor has an exponential
curreni-voltage characteristic and therefore ean function as a fasi-reacting corrent
source, The phase-shifting means comprises & capacitor 52, coupling the output
of amplifier 48 to the inverting input of amplifier 48, and a eapacitor S¢,

coupling the base clectrode of transistor SO to wire 18. In order to keep amplificr
48 and transistor S0 out of their respective saturation ranges, a resistor 60 is
connected belween 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
vollage below V,, when the wire is inactive, thus giving amplifier 48 an offset.
A resistor 62 Is introduced betweca the output of amplifier 48 and the base of
transistor 50 to limit the current into the base.

In a typical embodiment, where the difference between Vpp, and
V,, is about S volts, the above passive components preferably have the following
typical valucs. Sensing resistor 46 is approximately 200 chms. Capacitors S2 and
54 are approximately 220 pF and 22 pF, respectively, Resistors $6, 58 and 60
are approximately 4.7 kohms, 47 kohms and 470 ohms, respectively. Resisior 62

~

(18

Is approximately 2.2 kohms.



g

12 4. the systemof claim1, wherein the sensing ele nt~-€0ﬂ'g{|§res~x1§t'[
| east one of the following a reS|stor a pair or diodes gﬁranﬁé‘

matual |y anti-parallel fashion. 5. The system of clai mil,f corrprl Si 8
nmeans for keeping the differential anplifier in its linear Wbﬁﬁtw h
range.

10
SECOND EMBODIMENT OF ADAPTING MEANS
‘The circults 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 o Figures | and 2, which were

only given by way of cxample.

Fig. § shows the principle of a configuration for actively
controlling the signal coupling in both directions. A communication bus 70
couples (wo circuits (not shown) that both are capable of transmitting and
receiving a signal on the bus 70. A sensing resistor 72 is Inserted inio the bus,
Resistors 74 and 76 represent the pull-up resistors. A differential amplifier 78
has outputs 80 and 82 supplying mutually complementary control signats. One of
cuerent sources 84 and 86 will be wrned on, dependent on the propagalion
dircclion of the signal along wire 70. The other current source 86 or 84 stays
Inoperative,

Bxperiments 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 mlmnée of ths ground voltage supply line.
Also, this conflguration may be used to couple two physically different low-

Impedancs sections of a transmission channel, such a3 a coax cabdle and a twisted
line pair.

THIRD EMBODIMENT OF THE ADAPTING MEANS
" Pig. 6 shows an implementation of the scheme in Fig. 5.
Amplifier 78 is implemented by the arrangement of amplifier circuits 90 and 92,
cach having ar inverting input coupled to & non-inverting input of the other
amplifier circuit. Sensing resistor 72 of Fig. 5 now comprises a serics
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 resislor 98 that is connected to the inverting input of amplifier 52.
1ts [unction has been diseussed with reference to Fig, 4. In this way, the vollape
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. Rusistors 104 and 106 limit the current flowing into transistor
100 and 102, respectively. Capacitors 108 and 110 perform phase-shifting for
keeping osclllations out of the particular frequency range associated with the
signal transmission.
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6. The system of claim5, wherein the nmeans conpri ses;
provide a voltage offset to the non-inverting input: -a

between the sensing el ement and the non-inverting input. The t em
of claim1, conprising stabilizing nmeans for reducing os¢ikl at D ohi ﬁ%@t h
differential anplifier, the stabilizing means conprisingjaf | east

the followi ng; - a capacitance coupl ed between a particuliar one of the

differential anplifiers inputs and its output, - a non-lijnea
coupl ed between a particular one of the differential anplifier's inputs and
its output. 8.  The system of cl &lAMSconpri sing bi asi

Frg—reans for
bi asing the anplifier's output at a predeterm ned vol tageu“mmlumm\!m“‘
systemis in a quiescent state in order to keep the contr .
source tured Afei-drbQidhal SighiSranWinlseidh sl Ghittlsthg: et

- first and sacond stations;

- 8 signal path interconnecting the firsl and second stalions for transmilting an
electrical signal between the stations, the signal path being coupled fo a supply
vollage node via a pull-up resistor;

- 3 sensing slement included in the signal path so as {o inlerconnect the slations and
being oporative 10 enable the signa! to creale a voltage over the element, the voitage
having a polarily depending on a direclion of transmission aiong the path;

- a differentlal amplifier having an inverling input, an non-inverting Input and an output,
the sensing element being coupled between the Inputs;

- a controliable current source connected lo the signa! path and operalive lo discharge
the signal path undar the conirol of the output.of the differantial amplifier and forming
an inverter with the pull-up resistor,

2. The syslem of claim 1, comprising @ second controllable currenl source
connacled (o the signal path so thal the sensing element Is localed belween sald
controllable current sources. and wherein the dilferential amplifier comprises a second
oulpul connecled to the second controliable current source and operallve to control
the second controllable current source opposilely lo the firsi-mentioned current
source.

3. The system of claim 1. comprising;

- 2 second sensing element forming a series arrangement with the first-mentioned

sensing element;

- a second controliable current source connected to the signal path so thal the series

arrangement is located belween said controllable current sources:

- 8 second dlfferential amplifier having a non-Inverting Inpul connecied lo the inverling

input of the firsl-mantioned diffarential amplifier, an Inverting input connacted to the

non-inverling input of the first differential ampilfier, and an output connected (o the

second conlrollable current source, the second sensing eiement being coupled

betwaen the Inpuls of the second diffarential amplifier.



9. An adapting neans for use in a Signal path for T
si gnal between first and second station "g' HI ﬁml
transni ssion system wherein the si gnal

node via a pull-up resistor, the adapti ng rreans corrprl si ng;
el ement for being included in the sj,gnal path to couple the \st

operative to enable the signal to create a voltage over th
vol tage having a polarity depending on a direction of tran

the signal pathyg ??sl%fofr%fa?rﬂtf WneARlihd h%.{}&&b&ﬁnﬁ&omwstameasz et of a

non-inverti ng I npu an out he sensi el ement b ﬂ’é‘ &ngled
bet ween thehemjwm.aras&etenternﬂlnqitsﬂl@eelﬂ"ﬁéﬂ@dMN@M%P" -BRMIRL B3RP, ¢ he

signal pat Fg and 1RReLabn'@ clfimdl E&h?{&lﬁ% na8nd Rk Reelinls heCiméreniiel @mplitier laut put

of the differential "anp |f|er and ormng an inverter with the pull-up
resi stor. its linear amplificalion range.

6. The system of claim 5, wherein the means comprises;

- offset means o provide a vollage offsal to the non-inverting inpul:.

-a rasistor connecied balween the sensing element and the non-inverling input.

7. The system of claim 1, comprising stabilizing means for reducing osclliations in
the differential ampiifier, the stabilizing means comprising at least one of the following;
- a capacilance coupled belween a parlicular one of the differential amplifier's inputs
and its oulput; ’

- @ non-linear element coupled between a particular one of the differential amplifier's
inputs and its output,

B. The system of claim 1, comprising biasing means for biasing the amplifier's
outpul at @ predelermined voltage level when the system is in a quiescent slate In
order to keep Ihe controliable current source turnad off close 1o its switching threshold.
9. An adapling means for use in a signal path for transmission of & signal
belween first and second slations In & bi-directional signal transmission -system,
wherein the signal palh Is coupied o a supply voltage node via a pull-up rasistor, the
odapting means comprising.

- & sensing element for being inciuded in the signal path to couple the stations and
operative to enable the signal to create e voltage over the element, the voltage having
a polerily depending on a direction of {ransmission along the signal path;

- a differantial amplifior having an inverling inpul, & non-inverting Inpul and an outpul,
tho sensing elemen! being coupled between the inputs.

- a conlrollable current source for connection o the signal path and operalive to
discharge the path under conirol of the output of the differential amplifier and for
forming an inverter with the pull-up resistor.

10. Tho adapling means of claim 9, comprising a8 second controllable current
source for conneclion to the signal path so thal the sensing elemsnt Is located
botwaen sald controllable currenl sources, and wherein the differential amplifier



10. The adapting nmeans of claim9, conprising a second co tmgi\_lfxéﬁ’l“m
ng

current source for connection to the SI fhat the
eI:em_e_nt is | ocated between said control Iiﬂliam "FN"”HHIIW S,

the differential anplifier

comprises a second oulput connacted lo the second controliable current source and
operative to control the second conlroliable current source oppositely tu the first-
manlioned curren! sourcs.

11. The adapting means of cleim S, comprising:

- @ second sensing slement forming a serles arrangement with the first-menlioned
sansing elament;

- & second controflable currenl sourca for connection to the signal path o lhat the
series rrrangement is localed between said controliable current sources:

- a second differential amplifier having a non-Inverting input connected to Ihe inverling
input of Ihe firsi-mentioned differential amplifier, an inverling Input connected to the
non-inverting inpul of the first differential amplifier, and an outpul connected to the
second controliable currenl source, the second sensing elemenl being coupied
between the inpuls of the second dilferential amplifier.

12. The adapling means of claim 9, wherein the sensing elemant comprises at least
one of the following: a resistor; a peir of diodes arranged in a mutually anti-parallel
fashion.

13."  The adapling means of claim 9, comprising means for keeping the differential
amplifier in its linear renge, wherein the means for kaeping comprises,

- ofise means {o provida a vollege offsel (o the non-inverting input;

- B resisior connecled belween the sensing element and the non-inverting Inpul.

14. The adepling means of claim 9, comprising stabilizing means for reducing
oscillations in the differential amplifier, the stabilizing means comprising sl least one of
the following: '

- a capacilance coupled belween a parlicular one of the differential amplifier's inpul
and il's outpul;

« a non-inear element coupled between a parlicuisr one of the differential ampllfie'r‘s
Inputs and outpul,

15.  Thoe adapling neans of ctlaim 9, comprising biasing means for blasing the
amplilier's oulput al a predetermined vollage leve! when the system Is in & guiescent
siate in order to kaep lhe controllable current source turned off close 1o its swilching
threshoid.
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conprises a second output connected to ol ljalrel '@ur‘f"r?"éiﬁtb‘ﬁ‘
source and operative to control the seumﬂ”m:n[,ﬂ,m?m!e cuy rent~~30Our ce
oppositely to the first- nentioned currentt seuree Th aﬁ% Ug& f994n
.of- cl-aim9, conprising: - a second sensing elenent formni'ng|ajser

arrangenment with the first-nentioned sensing el enent: -
controll able current source for connectign to the signal

series arrangenent is |ocated between said controllable cur
a second differential anplifier having a non-inverting input connected to

the inverggng a system substantially as described herein with reference io Figures 1 or 2b of
the accompanying drawings.
17.  An adapling means substantially 2s described herein with reference to figures 3

-

-

1o 6 of the eccompanying drawings.



i;nput of the first-mentioned differential anplifier, an inverting input

connected to the non-inverting input of the first di fferent»i——&lwﬁ..p%jlfuﬁﬁ&
and an output connected to the second controllable current Bﬁﬁﬂﬁéﬁﬂaﬂhﬁ_‘_g
. second sensing el enent being coupl ed between the inputs off the sécond
differential anplifier. 12. The adapting means of claim 9, |whegejny tfg®
sensing el enent conprises at | east one the followi ng;, a nesistor: a paj
of diodes arranged in a nutually anti-parallel fashion. 13. “—Fhe—atgapttTyg

means of claim9, conprising neans for keeping the differgntial anplifier

oty

~

inits linear range, wherein the maWepi ng conprises;—0ffset
neans to provide a voltage offset to e non-inverting input; - a resistor

db ' ' ' j . 14. Th
comeet . bel VBB 64T e FBNSA O eySe ANTDAETIR UL 14, The

A bi-directional signal transmission system comprises a bi-
disectional signal path with a low-impedance section coupled to a high-impedance
scction through a signal coupling for transmission of a binary signal in both
directions; and adapling means for adapting the signal coupling under control of
the signal itself, dependent on the transiission direction. 1°C-bus systems in
pariicular benefit from the presence of the adapting means since communieating
stations now can be localed farther apart than was practical previously. In
addition, the driving capability of the transmitting station is no longer & limiting
factor,



oscillations in the differential anplifier, the stabilizin_wngaﬁsf»7;:§;;§““
conprising at |east one of the follow ng; - a capacitance ‘oﬁﬁﬁéﬁh%@%Me%ﬁJg

particul ar one of the differential anplifier's input and it

non-linear el ement coupl ed between a particular one of the

anplifier's inputs and output. 15. The adapting nmeans of ¢l a
conprising biasing neans for biasing tdhe anplifier's outputf at—a-
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predet erm ned voltage | evel when the systemis in a quiescgnt state in

order to keep the controllable current source turned off cl
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