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[57] ABSTRACT 
A driver circuit that permits full duplex transmission of 
digital data on a single signal line includes means for 
enabling a receiver of a station having a transmitter and 
a receiver to ignore outgoing digital signals from the 
transmitter of the same station and receive incoming 
signals. The circuit includes means that combine the 
incoming and outgoing digital signals in the signal line 
to form a composite multi-level signal which shifts be 
tween predetermined amplitude levels and means that 
recover the incoming digital signals from the composite 
signal. An offset bias level is added within the receiver 
signal processing to the transmitter pulse level to reduce 
noise susceptibility. Using such a circuit a full duplex 
transmission system of a plurality of stations connected 
to a common single signal line is provided. Such a sys 
tem can be operated in a broadcast mode wherein one 
station can transmit signals to the remainder of stations. 

12 Claims, 5 Drawing Figures 
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DIGITAL SINGLE SIGNAL LINE FULL DUPLEX 
METHOD AND APPARATUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

FIELD OF THE INVENTION 

This invention relates to a driver circuit for duplexing 
apparatus and methods in general and, in particular, 
apparatus and methods that permit full duplex transmis 
sion of digital data on a single line. 

BACKGROUND OF THE INVENTION 

In handling analog signals, duplexing methods and 
apparatus have been used rather extensively to mini 
mize the number of transmission lines and increase 
transmission capacity. Thus, for example, in telephone 
art, methods entailing use of bridge circuits operated by 
voice signals have been in use extensively to provide 
full duplex operation. Also, modulation approaches of 
various nature have been utilized in radio or high fre 
quency transmission art to provide a full duplex opera 
tion. It has been found that these approaches are slow 
and rather complex. For example, the modulation ap 
proach tends to be speed limited because the carrier has 
to be faster than the signal and requires rather complex 
modulation, demodulation and detection circuitry. 

Serious attempts have been made to utilize the afore 
mentioned duplexing methods or apparatus or develop 
new methods or apparatus in handling digital signals. 
However, to date, as far as the present inventor is 
aware, such attempts have been successful only to the 
extent of providing full duplex operation using fre 
quency shift modulation or similar techniques that re 
quire sending carrier signals at higher frequencies than 
the data rate. This requires complicated encoding and 
decoding circuitry and restricts the data transmission 
rates to well below the speeds of modern digital cir 
cuits. Present techniques for sending high speed digital 
data in a signal line are restricted to half duplex opera 
tion. 

SUMMARY OF THE INVENTION 

The foregoing and other shortcomings and problems 
of the prior art are overcome, in accordance with the 
present invention, by utilizing inventive driver circuit 
means that permit the receiver of a station having a 
transmitter and a receiver to receive an incoming digital 
signal from the transmitter of another station but pre 
vent the receiver from receiving digital signals being 
sent out by the transmitter of the same station. 

According to an aspect of the present invention, a 
novel method is provided to permit a full duplex trans 
mission of digital signals over a single signal line with 
out requiring carrier signals. 

According to another aspect of the present invention, 
novel driver circuit means that permit a full duplex, 
synchronous or asynchronous, digital signal transmis 
sion over a single signal line is provided. 
The basic invention uses a summing resistor as a load 

resistor across the transmission line at each terminal. 
The voltage drop across this resistor is the composite 
(sum) of the local and remote transmitters. A difference 
ampli?er subtracts the composite (sum) line voltage 
from the local transmitter voltage (modi?ed with an 
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2 
offset bias) to derive the net received line voltage. The 
offset bias reduces noise susceptibility. 
The foregoing and other aspects of the present inven 

tion will be understood more fully from the following 
detailed description of an illustrative embodiment of the 
present invention in conjunction with accompanying 
drawings, in which: 
FIG. 1 shows a block diagram of a transmission sys 

tem in which the present invention may be utilized; 
FIG. 2 shows an illustrative driver circuit of the 

present invention in a block diagram form; 
FIG. 3 shows signal waveforms found at certain 

points in the present circuitry that demonstrate its syn 
chronous and asynchronous full duplex operation. 
FIG. 4 shows a detailed illustrative circuit of the type 

shown in FIG. 2; and 
FIG. 5 shows a transmission system in a block dia 

gram form utilizing the present full duplex transmission 
methods and apparatus involving a plurality of stations, 
each having a transmitter and a receiver. 

DETAILED DESRIPTION 

FIG. 1 shows in a block diagram form a full duplex 
digital transmission system that comprises a single trans 
mission line or bus 11 connecting a ?rst station A to a 
second station B wherein each station includes a trans 
mitter/receiver pair. It is to be understood that “trans 
mitter" and “receiver" mentioned in this speci?cation, 
are used as generic expressions to denote many diverse 
systems and subsystem components, such as teletype 
writers, CRT display devices, memories, registers, cen 
tral processing units and the like that function as a trans 
mitter or receiver of digital signals. Likewise, a “trans 
mission line" is used as a generic expression to denote a 
single signal transmission path, such as a bus intercon 
necting the stations. Also, the “full duplex digital trans 
mission” systems described herein is intended to encom 
pass synchronous as well as asynchronous transmission 
systems. Hence, in this context, whether synchronous 
or asynchronous, at any given moment there may exist 
simultaneously outgoing digital signals from station A 
to station E and incoming digital signals from station A 
to station B and the system can handle the incoming and 
outgoing digital signals simultaneously. 

In accordance with the present invention, full duplex 
operation of the transmission system over a single signal 
line is rendered possible by using a driver circuitry of a 
unique design that applies the outgoing signal from a 
transmitter to the signal line, that applies incoming digi 
tal signals from the line to the receiver, and that pre 
vents the receiver from receiving outgoing digital sig 
nals from the transmitter of the same station. FIG. 2 
illustrates an operational block diagram of the circuit 
means that implement the aforementioned full duplex 
transmission method. 

Generally stated, the driver circuit means comprises 
?rst and second switching means S1 and S2 and a differ 
ential ampli?er means DA operatively connected to 
permit the full duplex operation. The first switching 
means S1 is of a suitable design that applies the outgoing 
signal from the transmitter T1 to the single signal line or 
bus 11. The signals in the line 11 are applied at one, x, of 
two inputs to the differential ampli?er. Second switch 
S2 is used to derive an indicating signal representing the 
outgoing digital signal from the transmitter TI. This 
indicating signal is applied, at the other y, of the two 
inputs, to the differential ampli?er. The ?rst switch S1 
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and load impedance RL are used in a very unique man 
ner to generate and apply three level DC voltage condi 
tions at the input of the differential ampli?er DA. 
The differential ampli?er then compares its two in 

puts it and y and determines from the comparison 
whether the signals present in line 11 are outgoing or 
incoming digital signals or both, and prevents the re 
ceiver from receiving the outgoing digital signals, but 
permits it to receive incoming digital signals from the 
transmitter T2 of another station B. 
The aforementioned capability of the driver circuit 

can then be readily used to render a digital transmission 
system having a plurality of stations, each station hav 
ing a transmitter and a receiver operative in a full du 
plex mode over a single signal line. This means that 
outgoing and incoming digital signals may exist simulta 
neously in the signal line and that the system can trans 
mit and receive them simultaneously. 

Referring to the drawings, FIGS. 2 and 3 show digi 
tal signals of conventional format comprised of binary 
is and 0s found in line 11 transmitted by the transmitters 
T1 and T2 of communicating pair of stations. Illustra 
tive outgoing digital signals N from the transmitter T1 
and incoming digital signals M from the transmitter T2, 
found in transmission line 11, are shown in FIG. 3. 
These signals appear in the form of voltage signals and 
this is rendered possible by using a current switch for 
switch S1. Current switch S1 may be of any conven 
tional design that converts its input, that is, the outgoing 
digital signals from transmitter Tl, which may appear in 
the voltage form into current signals. The current sig 
nals are then applied to load impedances RL and R1.’ to 
provide IR voltage drop. It is to be understood that load 
impedances RL and R1.’ are intended to represent any 
suitable combination of elements that match line imped 
ances and the provides desired voltage drop there 
across. 
The IR drop forms voltage waveforms in digital 

signals such as those shown in FIG. 3. Note that the net 
composite of the outgoing and incoming signals appear 
ing in the signal line is a scalar or an analog addition of 
the two signals. This unique feature rendered possible 
by the use of current switch S1 and is demonstrated 
graphically in FIG. 3; 0, shown in a solid line and 
designed waveform a. Note that waveform a in FIG. 3; 
O is a composite or algebraic addition of the outgoing 
and incoming waveforms M and N shown in FIG. 3. 
This composite waveform appears in line 11 and is also 
applied to one of the inputs, is, of the differential ampli 
?er. 
Now another aspect of the present circuit is that it 

includes a suitable circuit means, such as a switch means 
S2 that derives an indication signal which appears in a 
voltage digital form that follows the pattern of the out 
going digital signal. In other words, switch S2 is of a 
design that provides output digital signals from the 
input thereof that are the same as the input in signal 
format. Hence, it provides a copy of the input. This is 
graphically demonstrated by the dotted line b in FIG. 3; 
0 
To reduce the noise susceptibility of the system the 

digital signal (shown as waveform b in FIG. 3; 0) ap 
pearing at input y of differential ampli?er DA has two 
voltage levels which fall exactly half way between the 
?rst and second, and second and third voltage levels 
appearing on the line 11. Any noise induced spurious 
signal must be of a magnitude greater than 0.4 volts to 
cause an error to be transmitted to the receiver R1 by 
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4 
the voltage comparator DA. If the fourth and ?fth 
levels were not maintained exactly half way between 
the ?rst, second, and third levels, a much lower ampli~ 
tude noise signal would be able to trigger a spurious 
output from the voltage comparator DA which would 
then be detected by the receiver R1. For instance, if 
waveform b shown in FIG. 3; 0 [where] were offset 
only 0.1 volts above the outgoing transmitted signal, a 
noise induced signal having an amplitude exceeding 0.1 
volts would be sufficient to trigger the comparator DA 
which would then generate a spurious output signal. 
Now the differential ampli?er is used to serve its 

conventional function of comparing the two signals a 
and b at its two inputs x and y and generate an output, 
shown in FIG. 3; P. Note that the resulting output is a 
digital signal which is the same as the incoming digital 
signal. An inherent built-in function of the differential 
ampli?er compares the composite signal (FIG. 3; 0) in 
the line 11 with the indication digital signal and derives 
its output (FIG. 3; P), which is the same as the incoming 
digital signal in the digital form. The resulting output 
(FIG. 3; P) may then be applied to the receiver R1 in a 
conventional manner. 

Note that an interesting phenomenon is observed. 
What the differential ampli?er does, in effect, is that is 
subtracts in amplitude sense the input or outgoing digi 
tal signals (FIG. 3; M) from the composite signal (FIG. 
3; O) in line 11, and the resulting difference (FIG. 3; P) 
is applied as its output. This is graphically illustrated in 
FIG. 3; P. Note that the dotted line b or the indication 
signal applied to the second input is the same in signal 
format as the outgoing signal and amplitude shifts the 
composite wave a so that the shift results in the forma 
tion of the output wave (FIG. 3; P), which is a repro 
duction of the incoming digital signal M, shown in FIG. 
3. 

Another unique and signi?cant phenomenon ?owing 
from the present circuit is that it enables the system to 
full duplex over a single signal line synchronously or 
asynchronously. Synchrononous transmission, where 
the outgoing and incoming signals are synchronous, 
that is where they are of the same repetition rate and are 
in phase, is shown above in connection with FIG. 3. 
Asynchronous operation entails the situation where the 
incoming digital signals need not have any repetition 
rate or phase relationship to the outgoing digital signals. 
In either synchronous or asynchronous operation, the 
present circuit is of a design that forms a composite 
wave of the incoming and outgoing digital signals and 
that subtracts a reference signal from the composite 
wave to form and derive the incoming digital signals 
and applies them to the receiver. 
FIG. 4 illustrates [a] speci?c circuitry that imple 

ments the circuit shown in FIG. 2 functionally de 
scribed above with reference to FIG. 3. As illustrated in 
FIG. 4, the switches S1 and S2 may be of any suitable 
conventional design, such as emitter coupled logic, as 
shown, or TI‘L logic. The outgoing signals from the 
transmitter T1 are applied to suitable voltage level shift 
ing means such as a transistor Q1 connected to function 
as a shifter, as illustrated. The switches S1 and S2 may 
be of an emitter coupled logic, each comprising a pair of 
transistors Q2 and Q3, and Q4 and Q5 arranged in a 
conventional manner. To assure proper operation of the 
switches, suitable biasing means symbolically denoted 
by resistive elements, r2, r3, and r4 and may be opera 
ti vely connected as illustrated. Also, the base electrodes 
of Q3 and Q5 are established at a suitable potential level 
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utilizing another active element, transistor Q6 which is 
connected to derive the biasing potential from a poten 
tial dividing means comprised of impedance elements, 
r5, r7, r8 and r9. The DC potential source for the driver 
circuit, Vcc and V55 is divided by the resistive ele 
ments r7, r8 and r9 and Q6 applies the potential so estab 
lished to the base electrodes of Q3 and Q5. 
The driver circuit includes a constant current source 

13 containing a suitable active element, such as Q7, 

5 

which derives and applies a predetermined level of 10 
current to switch S1 using resistance of a predetermined 
magnitude for the resistive element r6. Switch S1 is 
shown as a conventional current switch wherein only 
one of the two elements, Q4 and Q5, conducts at any 
given moment. Normally, Q4 is nonconducting in the 
absence of an enabling potential applied to the base 
electrode thereof. The potential that drives the Q4 
comes from transistor Q1. Q], as the level shifter, fol 
lows the signal potential input. Accordingly, its emitter 
output follows its input at its base electrode. The shift in 
the emitter, in turn, follows the signal form applied to its 
input at its base electrode. Q2 and Q4 are biased so that 
they conduct in the presence of one state, for example, 
digit 1, but not the other of the outgoing digital signals. 
For example, in the presence of digital signals ls or 

high state input signals, Q2 and Q4 are conductive. Q2 
and Q4 become nonconductive in the presence of the 
opposite digital signal or Us. In short, Q2 and Q4 be 
come conductive in the presence of Is of digital signals 
and nonconductive in the presence of 0s of digital sig 
nals. Thus, is and 0s are used as a means to represent the 
two states of a digital signal and of course, circuit pa 
rameters may be changed whereby Q2 and Q4 becomes 
conductive in the presence of 0s and nonconductive in 
the presence of is. 
With Q4 of switch S1 conducting, transistors Q4 and 

Q7 provide current drain path for the transmission line 
11. Inasmuch as the constant current from the source 13 
is drained through the transmission path 11, the voltage 
at the transmission line is established by the IR drop 
formed by the line current times the load impedances 
RL and RL'. Station B is provided with the same cir 
cuitry and accordingly the same thing takes place in 
station B. 

This being the case, referring to the voltage level at 
the transmission line, it is evident that when neither the 
transmitter of station A nor the transmitter of station 8 
sends digital signals, then no current is present in the 
transmission line 11. Accordingly, the voltage at the 
transmission line is zero volts. The potential at the trans 
mission line 11 shifts between two levels when transmit 
ter T1 of station A or transmitter T2 of station E, but 
not both, sends a digital signal. When both transmitters 
send, then the voltage level at the transmission line 11 
shifts between three levels, as illustrated in FIG. 3; 0. 

Inputs to differential ampli?er DA [is] are con 
nected as follows. The [inlput] input a is connected to 
the transmission line 11 via a resistive means r10. Sec 
ond input means y is coupled to the collector electrode 
of ?rst transistor Q2 of switch S2. Resistor r10 is con 
nected to the ?rst input terminal so that the signal from 
?rst switch S1 arrives at the input terminal x at the same 
time as the signal from the second switch S2 arrives at 
the second input terminal y when the transmitter T1 
sends out the signal. In this manner, any spurious output 
signals, that may otherwise be generated by the differ 
ence in the arrival time of the signals to input terminals 
x and y, are eliminated. Obviously, if the two switches 
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6 
match in speed and switch at the same time resistor r10 
can be eliminated. 
By supplying ground or 0 volts for Vcc and —5.2 

volts for Vggand providing appropriate impedances for 
the various active and passive elements, it was possible 
to provide three levels of voltages to the transmission 
line, for example, 0 volts, —0.8 volts, and — 1.6 volts, 
and apply to input at of differential ampli?er DA and 
derive two levels of voltages, namely —0.4 volts and 
— 1.2 volts, from the output of the ?rst active element 
Q2 of second switch S2 and apply the same to second 
input terminal y of differential ampli?er DA. Voltages 
at the transmission line 11 are, as indicated before, the 
result of the IR drop established by the IR drop across 
the impedance RL. RL was chosen to match the impe 
dance of the transmission line itself to provide better 
energy transfer and minimum signal re?ection. 
The operation of the speci?c circuitry illustrated in 

FIG. 4 follows the operation of the functional circuitry 
shown in FIG. 2 and described in connection with FIG. 
3 and hence, will be stated only briefly here. The output 
of Q2 of the switch S2 shifts the input terminal y of 
differential ampli?er DA between two levels, namely 
—0.4 and — 1.2 volts. 
The signals in line 11 shift between two levels, 

namely, 0 and 0.8 volts, when either outgoing or incom 
ing digital signals, but not both, are present. The line 
signal shifts between three levels, namely, 0, —0.8 and 
—l.6 volts when both outgoing and incoming digital 
signals of 0s and ls are present. 
The differential ampli?er compares the two inputs x 

and y shifting between different levels as indicated by 
the signal conditions in line 11 and Q2 output and pro 
duces an output signal which is a reproduction of the 
incoming digital signal. The outputs so produced are 
then applied to the receiver R1. 

In summary then, it has been shown that utilizing a 
novel circuitry of the type illustrated in FIG. 2, in a 
general block diagram form, and in a speci?c illustrative 
embodiment in FIG. 4, a digital signal transmission 
system can be rendered operative in a full duplex mode, 
over single signal path 11, synchronously or asynchro 
nously. 

FIG. 5 illustrates a transmission system wherein a 
plurality of transmitting stations may be operatively 
coupled to a single signal line 51 terminated by impe 
dance means RL and RL' connected at the two ends 
thereof. Each station may include a transmitter and a 
receiver and may be provided with the aforedescribed 
drive circuitry having corresponding switches SL4, S13 
. . . SIN, differential ampli?ers DAA, DAB. . . DAN, etc. 

According to a further aspect of the present invention, 
the unique property of the circuit means, such as illus 
trated in FIGS. 2 and 4, permits a system such as that 
shown in FIG. 5 to operate in a broadcast mode. FIG. 
5 illustrates this in that suppose a station, such as station 
A, sends out a digital signal, then all of the other sta 
tions, B . . . N, connected to the transmission line 51 can 
receive the signal sent by station A. This is so because 
the differential ampli?ers of the other stations, B . . . N, 
detect the presence of the signal in the transmission line 
51 coming from the transmitter A and apply it to the 
corresponding receivers. It can be readily seen then that 
by merely either eliminating the transmitters for the 
stations B . . . N or utilizing some suitable external con 

trol means, the stations B . . . N may be permitted to 
receive the signals coming from the Station A but are 
prevented from sending out any signals themselves. 
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It is also evident from FIG. 5 and from the foregoing 
description that any selected pair of stations A . . . N 
may provide simultaneous two-way communication 
over the same signal line 51. Suitable external control 
means in the form of a coding scheme or other circuitry 
(not shown) may be used to indicate the identity of 
called and calling stations so that they, not the others 
connected to line 51, communicate with each other. 

In summary it has been shown that in accordance 
with the present invention, a novel drive circuitry is 
provided to permit a transmission system to operate in a 
full duplex mode, synchronously or asynchronously 
over a single signal path. It has also been shown that 
such a novel circuitry comprises two signi?cant fea 
tures; namely, it is designed to provide a current mode 
signal to the transmission line that allows two oppo 
sitely going signals to exist simultaneously on the same 
transmission line without interference and that it is de 
signed to utilize the outgoing signal from the transmitter 
to derive a reference or indication signal and utilize the 
resulting reference signal to enable the associated re 
ceiver to ignore the outgoing digital signals present in 
the transmission line while receiving the incoming digi 
tal signals in the transmission line sent from the trans 
mitter of another station. It has also been shown that 
because of its unique characteristics, use of the present 
circuitry makes it possible to operate a full duplex trans 
mission system in a [boardcast] broadcast mode and 
with appropriate modi?cations, any pair of communica 
tion stations connected to the same single bus line of 
such a system may communicate with each other and be 
able to indicate their identity. 

Various other modi?cations and changes may be 
made to the present invention from the principles of the 
invention described above without departing from the 
spirit and scope thereof, as encompassed in the accom 
panying claims. 
What is claimed is: 
l. A digital transmission system comprising: 
at least a pair of stations, at least one of said stations 

having transmitting means and receiving means; 
a single bus transmission signal path for carrying 

[the] incoming and outgoing digital signals and 
operatively connectable to said transmitting and 
said receiving means [;], the outgoing digital signals 
corresponding to a first and a second logic state; 

?rst means for applying the outgoing digital signals 
from said transmitting means to said path, said ?rst 
means including current source means for supply 
ing a constant current and [said] ?rst switch 
means operating to supply or cut off said constant 
current from said path in accordance with the shift 
ing pattern of the outgoing digital signals between 
its two states; 

second means for combining the outgoing digital 
signals and incoming digital signals in said path to 
form a composite signal which shifts between a 
plurality of predetermined amplitude levels; 

impedance means connected to said path for providing 
IR voltage drops using current from the digital signals 
present in said path, said impedance means providing 
potential level shifts between first and second level 
potentials in the presence of either outgoing or incom 
ing digital signals and potential level shifts among 
said first and second level potentials and a third level 
potential in the presence of both the outgoing and the 
incoming digital signals; and 
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third means for recovering the incoming digital sig 
nals from the composite signal and applying the 
recovered incoming digital signals to said [re 
ceiver] receiving means, including second switch 
means, means for operating said second switch 
means in response to the outgoing digital signals 
from [the transmitter] said transmitting means for 
generating digital indication signals which are the 
same in signal content as that of the outgoing digi 
tal signals and which shift between fourth and ?fth 
level potentials, and comparing means having ?rst 
and second input means, the ?rst input means being 
for receiving the composite signal found in said 
[line] path and the second input means being for 
receiving said digital [indicating] indication sig~ 
nals [and], said comparing means being for compar 
ing the composite signal to said digital indication 
signals and deriving an output from the comparison 
in the form of incoming digital signals from said 
path [; and] 

[impedance means connected to said path for pro 
viding IR voltage drops using the current from the 
digital signals present in said path, said impedance 
means providing potential level shifts between ?rst 
and second potentials in the presence of either 
outgoing or incoming digital signals and potential 
level shifts among said ?rst and second level poten 
tials and a third level potential in the presence of 
both the outgoing and the incoming digital sig 
nals]. 

2. The system according to claim 1, including means 
for maintaining [the amplitude of] said fourth and ?fth 
level potentials intermediate between said ?rst and sec 
ond, and second and third level potentials, respectively, 
for minimizing susceptibility of said system to noise 
signals. 

3. The system according to claim 2, including means 
for [generating a] maintaining said constant current of 
proper magnitude such that said ?rst, second and third 
[voltage levels] level potentials can be derived across 
said impedance means to assure that said ?rst and sec 
ond switch means operate consistent with said [com 
parison] comparing means [input requirements]. 

4. The system according to claim 3, said system in 
cluding a plurality of stations, each station having trans 
mitting and receiving means; and 
means for enabling said system to operate in a broad 

cast mode. 
5. The system according to claim 4, including means 

for enabling [the calling and called stations to identify 
themselves] transmitting means for two of said plurality 
of stations for allowing said two stations to receive digital 
signals from each other. 

6. A driver circuit comprising: 
a signal path; 
?rst means for applying an outgoing digital signal 
from a signal source to said signal path, said ?rst 
means including current switch means for convert 
ing said outgoing digital signal [in] to the form of 
[current] digital [signals and impedance means 
for providing composite IR voltage drops in said 
path using incoming and outgoing digital signal 
currents] signal currents,‘ 

second means for combining said outgoing digital 
signal and an incoming digital signal in said path to 
form a composite signal which shifts between a 
plurality of predetermined amplitude levels, said 
second means including impedance means for provid 
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ing composite 1R voltage drops in said path using 
incoming and outgoing digital signal currents; 

third means for recovering said incoming digital sig 
nal from said composite signal, said third means 
including second switch means for deriving refer 
ence voltage signals which shift in amplitude in 
response to the outgoing digital [signals] signal 
and means for comparing said reference voltage 
signals with said composite IR voltage drops for 
deriving the incoming digital [signals] signal from 
the composite signal; and 

parameters of said current switch means, impedance 
means, and said second switch means are selected 
to shift the [voltages] composite IR voltage drops 
in said path between ?rst and second levels in the 
presence of the outgoing or incoming digital [sig 
nals] signal alone, and between said ?rst and said 
second level and a third level in the presence of 
both signals, and are selected to shift said reference 
[signal] voltage signals between fourth and ?fth 
levels. 

7. The circuit according to claim 6, wherein said third 
means includes means for establishing [the amplitude 
oi] the fourth level [voltage] intermediate between 
the ?rst and second [voltage level amplitudes] levels 
and the [amplitude of the] ?fth level [voltage] inter 
mediate between the second and third [level voltage 
amplitudes] levels. 

8. A method of operating a digital transmission sys 
tem in a full duplex mode over a single signal line, said 
system including at least a pair of stations, each station 
having transmitting sand receiving means, said method 
including the steps of: 

applying outgoing digital signals from said transmit 
ting means to said signal line L], 

combining the outgoing digital signals with incoming 
digital signals in said signal line to form a compos 
ite signal which shifts between a plurality of prede 
termined amplitude levels, said combining step 
including the [steps] step of shifting among [the 
three level potentials] a first, a second, and a third 
level potential in said line to form a composite volt 
age waveform representing the combination of the 
outgoing and incoming digital signals [,],' and 
recovering the incoming digital signals from said com 
posite signal, said recovering step including the steps of 
deriving an indication signal from the outgoing 
digital signals and using said indication signal to 
prevent said receiving means for receiving said 
outgoing digital signals in said line, shifting the 
indication signal between fourth and ?fth level 
[potential signals] potentials representing the out 
going digital signals, comparing the indication sig 
nal with the composite voltage waveform, and 
deriving the incoming digital signals from the com 
parison thereof [; and] 

[recovering the incoming digital signals from said 
composite signal]. 

9. The method according to claim 8, including the 
step of establishing said fourth and ?fth level [potential 
signals] potentials intermediate between said ?rst and 
second. and second and third level potentials, respec 
tively, to minimize the susceptibility of the method to 
noise interference. 

10. The method according to claim 8, wherein said 
combining step comprises the steps of: 

deriving current form digital signals for the outgoing 
and incoming digital signals; 
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10 
applying said current form digital signals to impe 
dance means connected to said line to form the 
composite signal which [vary] varies between 
said ?rst and second [levels] level potentials when 
either outgoing or incoming digital signals are pres 
ent, but not both, and [vary] which varies among 
said first and second [levels] level potentials and 
[a] said third level potential when both are pres 
ent; 

[deriving an indication signal voltage that shifts 
between] and wherein said recovering step comprises 
the steps of‘ maintaining said fourth and ?fth [levels 
that corresponds to the Os and 1s of the outgoing 
digital signals and that range] level potentials inter 
mediate between said ?rst and second, and said 
second and third [levels] level potentials, respec 
tively; 

[comparing said composite signals and said reference 
signal;] 

[deriving an output in the form of the incoming 
digital signals from the comparison thereof;] and 
applying said [output of] derived incoming digital 
signals to said receiving means. 

11. An apparatus for enabling a digital transmission 
system to operate in a full duplex mode over a single 
signal line, said system having at least two stations, each 
having a transmitter and a receiver, said apparatus com 
prising: 

?rst means for applying an outgoing digital signal 
having a first and a second logic state from a trans 
mitter of one of said stations to said line including 
?rst switch means actuatable in response to the 
presence of said outgoing digital signal and apply 
ing the outgoing digital signal to said line in the 
form of a current signal; 

second means for combining said outgoing digital 
signal and an incoming digital signal in said line to 
form a composite signal which shifts between a 
plurality of predetermined amplitude levels; 

third means for recovering said incoming digital sig 
nal from said composite signal and applying said 
recovered incoming digital signal to [said re 
ceiver] a receiver of said one station, said third 
means including [means responsive to the outgo 
ing digital signals for generating an indication sig 
nal representative of the logic state of the outgoing 
digital signals, means interposed between said line 
and said receiver of said one station and responding 
to said indication signal for enabling said receiver 
to disregard said outgoing signal,] second switch 
means responsive to the outgoing digital signal for 
generating an indication signal representative of 
the logic state of the outgoing digital signal, and 
comparing means having ?rst and second input 
means, said ?rst input means being coupled to said 
line and said second input means being coupled to 
[the output of] said second switch means to re 
ceive said indication signal, said comparing means 
[including means] being for comparing input sig 
nals applied to said ?rst and said second input 
means and preventing said [receiving means] 
receiver of said one station from receiving the outgo 
ing digital signal; 

a constant current source; 

means coupling said constant current source to said 
?rst switch means for allowing current from said 
current source to flow to said signal line upon 
actuation of said ?rst switch means; 
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said second means including impedance means of a 
predetermined magnitude connected to said signal 
line for establishing an IR voltage thereacross, said 
IR voltage drop shifting between ?rst and second 
levels when either the outgoing or incoming digital 
[signals are] signal is present and shifting among 
said ?rst and second levels and a third level when 
both are present; 

said second [switching] switch means providing said 
indication signal in the form of a voltage that shifts 
between a fourth and a ?fth level [voltage], said 
fourth level [having an amplitude range] being 
intermediate between said ?rst and second levels, 
said ?fth level [having an amplitude range] being 
intermediate between said second and third levels; 
and 

said comparing means comparing the [potential] 
levels [in the two inputs thereof] of the applied 
input signals and extracting from the comparison 
the incoming digital [signals] signal from said 
signal line. 

12. An apparatus for enabling a digital transmission 
system to operate in a full duplex mode over a single 
signal line, said system having at least two stations, each 
having a transmitter and a receiver, said apparatus com 
prising; 

?rst means for applying an outgoing digital signal 
having a ?rst and a second logic state from a trans 
mitter of one of said stations to said line including 
?rst switch means actuatable in response to the 
presence of said outgoing digital signal and apply 
ing the outgoing digital signal to said line in the 
form of a current signal; 

second means for combining said outgoing digital 
signal and an incoming digital signal in said line to 
form a composite signal which shifts between a 
plurality of predetermined amplitude levels; 

third means for recovering said incoming digital sig 
nal from said composite signal and applying said 
recovered incoming digital signal to [said re 
ceiver] a receiver of said one station, said third 
means including [means responsive to the outgo 
ing digital signals for generating an indication sig 
nal representative of the logic state of the outgoing 
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12 
digital signals, means interposed between said line 
and said receiver of said one station, and respond 
ing to said indication signal for enabling said re 
ceiver to disregard said outgoing signal,] second 
switch means responsive to the outgoing digital 
signal for generating an indication signal represen 
tative of the logic state of the outgoing digital sig 
nal, and comparing means having ?rst and second 
input means, said ?rst input means being coupled to 
said line and said second input means being coupled 
to [the output oi] said second switch means to 
receive said indication signal, said comparing 
means [including means or] being for comparing 
input signals applied to said ?rst and said second 
input means and preventing said [receiving 
means] receiver of said one station from receiving 
the outgoing digital signal; 

a constant current source; 
means coupling said constant current source to said 

?rst switch means for allowing current from said 
current source to ?ow to said signal line upon 
actuation of said ?rst switch means; 

said second means including impedance means of a 
predetermined magnitude connected to said signal 
line for establishing an IR voltage drop there 
across, said IR voltage drop shifting between ?rst 
and second levels when either the outgoing or 
incoming digital [signals are] signal is present and 
shifting among said ?rst and second levels and a 
third level when both are present; 

said second switch means providing said indication 
signal in the form a voltage signal that shifts its 
voltage between [the fourth and] a fourth and a 
?fth level representative of the logic state of the 
outgoing digital signal; and 

said comparing means generating a [high level] ?rst 
output level when [the potential at] a level applied 
to said ?rst input means exceeds that [at] applied 
to said second input means and generating a [low 
level] second output level when [the potential at] 
a level applied to said second input means exceeds 
that [at] applied to said ?rst input means. 
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