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[57] ABSTRACT

A data communications transceiver for transmitting
signals to and from the communicating medium, with
the transceiver including an input terminal, a short time
constant differentiator connected to the input terminal

to differentiate signals applied thereto, a Schmitt trigger
supplied with the output of the short time constant
differentiator for producing a corresponding square
wave output signal, a first driver supplied with the
sguare wave output of the Schmitt trigger for supplying
it to the communicating means, amplifying means for
receiving signals from the communicating medium and
for producing an amplified output therefrom, a second
[ short time constant] differentiator supplied with the
output of the amplifying means and for supplying it to a
second Schmitt trigger for producing a corresponding
second square wave signal, and a second driver supplied
with a second square wave signal for supplying it to an
output terminal. In the preferred embodiment of the
invention, electromagnetic interference i1s suppressed
by connecting a bifilar transformer between the output
of the first driver in the communicating medium, with
the primary of the transformer being in series between
the driver and the center conductor of the shielded
communicating medium and with the secondary of the
transformer being connected in series between the
shield or the communicating medium and the floating
ground of the transceiver circuit. A bypass capacitor 1s
connected between the shield of the communicating
medium and the circuit ground. Furthermore, an enable
circuit is connected between the amplifying means and
the second Schmitt trigger to only enable the Schmitt
trigger when the amplitude of the received signal ex-
ceeds a predetermined minimum which is higher than
threshold level of the Schmitt trigger.

8 Claims, 16 Drawing Figures
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1

WIDEBAND TRANSCEIVER WITH EMI
SUPPRESSION

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to data communication
transceivers using base band packet switching, some-
times known as the Ethernet system.

2. Description of the Prior Art

In prior art data communications transceivers, the
receiver part of the transceiver is either direct coupled
or capacity coupled to the communicating medium,
such as a shielded coaxial cable. In the former case, the
voltage level of the signal will affect the skew of the
received data. In the latter case, noise or reflection on
the transmission line can be coupled to the receiver
which in turn will be received as an unwanted signal.
Furthermore, the capacitive, that is, AC coupling, will
limit the low frequency data to the extent of the differ-
entiation being used by the coupling.

Another problem is that when the transceiver is
transmitting, electromagnetic interference may be pres-
ent around the connection between the connector to the
shielded cable and the shielded container of the trans-
ceiver. This electromagnetic interference 1s believed to
be due to stray capacitance between the center conduc-
tor of the connector and the shielded container. A con-
ventional way to minimize this effect 1s to shield the
exposed center conductor or to make the outer connec-
tor much more capacitive relative to the shielded con-
tainer than that of the center conductor. This can pro-
duce switching spikes which cause unwanted interfer-
ence in the atmosphere around the transceiver because
of high speed switching and this AC coupling to
ground.

Still another problem occurs where the transmission
medium, that is, the coaxial cable, is very long. In such
cases there is a tendency for the waveform of the trans-
mitted pulses to be flattened and extended on top of a
DC level which increases in amplitude with the length
of the transmission line. In order to receive and recon-
struct these pulses, a Schmitt trigger is sometimes used,
however, such a Schmitt trigger operates on the basis of
the signal exceeding certain threshold voltage levels.
Because of this rising DC amplitude, the phasing of the
received signals will be somewhat erroneous compared
to the original signal. Another problem 1s that if the
Schmitt trigger threshold levels are set low enough to
reconstruct these flattened pulse waveforms, noise and
residual transmission signals can also be received by the
transceiver, resulting in erroneous information. Also,
heretofore Schmitt triggers in such circuits required
D.C. coupling.

SUMMARY OF THE INVENTION

The above and other problems of prior art data com-
munications transceivers are overcome by the present
invention of a transceiver for transmitting signals to a
communicatinng medium and for receiving signals
therefrom which are generated by another transcetver.

The transmitter portion of the invention comprises an
input terminal, first short time constant differentiating
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2

means connecting to the input terminal to differentiate
signals applied thereto and to produce a first differenti-
ated output signal. Schmitt trigger means supplied with
the differentiated output signal for producing a corre-
sponding first square wave output signal and first driver
means supplied with the square wave output signal for
supplying 1t to the communicating medium. The re-
ceiver portion of the circuit of the invention includes
amplifying means for receiving signals from the com-
municating medium and for producing an amplified
output therefrom, second [short time constant] differ-
entiation means supplied with the amplified output sig-
nal for producing a second differentiated signal, second
Schmitt trigger means supplied with the second differ-
entiated signal or producing a corresponding second
square wave signal, an output terminal, and second
driver means supplied with the second square wave
signal for supplying it to the output termunal. In some
embodiments the drivers and amplifiers can be omitted if
the signal strength is sufficient.

In the preferred embodiment of the invention, means
are provided for enabling the second Schmitt trigger,
1.e. the Schmitt trigger of the receiving portion of the
transceiver, only when the amplitude of the received
signal exceeds a predetermined value which is higher
than the threshold level of the second Schmitt trigger.
In this way, residual transmission and noise signals are
rejected by the Schmitt trigger.

Also incorporated in the preferred embodiment of the
transcelver are means for suppressing electromagnetic
interference existing between the shielded container
surrounding the transceiver and the center connector of
the cable connecting it to the communicating medium.
This electromagnetic interference 1s suppressed by
means of a bifilar transformer which is inserted between
the transmission medium, that is the coaxial cable, and
the first driver and the amplifying means. The primary
of the transformer is connected between the center
conductor of the coaxial cable and the driver and ampli-
fying means. The secondary winding of the transformer
is connected at one lead to the shield of the coaxial cable
and by its other lead to the floating ground of the trans-
ceiver. A bypass capacitor is connected between the
shield of the coaxial cable and the circuit ground. One
advantage of the transformer is that it suppresses un-
wanted spike signals which are generated by the bypass
capacittor.

In still another modified embodiment of the inven-
tion, an extra short time constant differentiator and
Schmitt trigger are inserted between the transceiver
and the transmission line connection to the computer,
controller or other circuit which is transmitting signals
to the transceiver for retransmission onto the coaxtal
cable. Also an extra short time constant differentiator
and an extra Schmitt trigger circuit are inserted be-
tween the second Schmitt trigger and the output driver
of the receiver portion of the transceiver. These extra
components are inserted to allow tying the computer,
etc., ground to the transceiver ground.

In still another modified embodiment of the inven-
tion, a pair of exclustve OR gates are substituted for one
or more of the driver circuits in the transceiver. These
OR pgates are connected with their outputs driving a
balanced pair transmission line and with their noncorre-
sponding inputs being connected to the single ended
input to the driver. One of the remaining tnputs of one
of the gates is connected to the circuit ground and the
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other remaining input of the other gate ts connected to
a suitable bias voltage source.

It is therefore an object of the present invention to
provide a data communications transceiver which can
be used to obtain very long period information, even
direct current, without a direct current coupling.

It is another object of the invention to provide a data
communication transceiver suitable for use with a long
line coaxial cable which suppresses noise and residual
transmission signals.

It is still another object of the present invention to
provide a data communication transceiver in which
electromagnetic interference at the coupling to the co-
axial cable is suppressed.

It is still a further object of the invention to provide a
data communications transceiver incorporating a bal-
anced line driver which has negligible skew and yet
nearly meets commercial type RS 422 driver standards.

The foregoing and other objects, features and advan-
tages of the invention will be more readily understood
upon consideration of the following detailed description
of certain preferred embodiments of the nvention,
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram of the transceiver and asso-
ciated circuitry according to the invention;

FIG. 2 is a more detailed circuit diagram of the trans-
ceiver depicted in block diagram form in FIG. 1;

FIG. 3 is a block diagram of a modified transceiver
according to the invention;

FI1G. 4 is a detailed schematic diagram of the trans-
ceiver depicted in block diagram form in FIG. 3;

FIGS. 5A, 5B, 5C and 5D are schematic diagrams of

a balanced driver modification to the transceiver de-
picted in FIGS. 1 and 3;

FI1G. 6 is a block diagram for use in illustrating the
operation of the transceiver depicted in FIG. 1;

FIGS. 7A, 7B and 7C are waveform diagrams for use
in explaining the operation of the elements depicted in
FI1G. 6; and

FIGS. 8A. 8B, 8C, and 8D are waveform diagrams
for use in explaining the operation of the transceiver
depicted in FIG. 1.

DETAILED DESCRIPTION OF CERTAIN
PREFERRED EMBODIMENTS OF THE
INVENTION

Referring now more particularly to FIGS. 6 and 7A
through 7C, inclusive, if a short time constant differenti-
ation circuit 2 is supplied with the signal at point A and
the differentiated output from the circuit 2 is supphed at
point B to the input of a Schmitt trigger, an output C
will result. If the input at A is the waveform 6 shown in
FIG. 7A the output at B will be a series of positive and
negative going spikes having a waveform 8 as shown in
FIG. 7B. If the threshold levels of the Schmitt trigger
circuit 4 are denoted by lines 7 and 9 in FIG. 7B the
output of the Schmitt trigger at C will be the waveform
10 as shown in FIG. 7C. It can thus be seen that the
output of the Schmitt trigger at C 1s a squarewave
which is representative of the transitions in the wave-
form 6. This allows the pulse to be reconstructed from
the leading and trailing edges of the pulse.

By a short time constant differentiator is meant that
the time constant of the differentiation is short com-
pared to the minimum pulse period. For example if the
transceiver is operating at a ten megabit rate then the
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minimum bit time would be 100 nanoseconds. The time
constant of the differentiator circuit of the present in-
vention would be 15% of this time period, typically.
The use of the short time constant differentiator 2 al-
lows the Schmitt trigger to be AC coupled to the source
of the incoming signal. Without such a differentiation
circuit the Schmitt trigger would have to be direct
coupled in order to be triggered.

Referring now more particularly to FIG. 1 a com-
puter, controller, or other circuit 10 which is to have
access to the communicating medium transmits control
signals in the form of data pulses through a driver cir-
cuit 12 and a transmission line 14 to the input 18 of the
transceiver 16. Incoming data pulses are transformed by
a short time constant differentiator 20 to a series of
positive and negative going spikes, of the type depicted
in the waveform diagram shown in FIG. 7B. This wave-
form is supplied to the input of a Schmitt trigger 22. The
squarewave output from the Schmitt trigger 22 is sup-
plied by a second driver 24 through a primary winding
of a bifilar transformer 26 to the center conductor 30 of
a coaxial cable 28. The cable 28, i1t is to be understood,
extends for quite some distance and other transceivers
16 (not shown) are to be understood as also being at-
tached to the coaxial cable in a similar manner. The
coaxial cable is terminated in characteristic impedances
34 which match the cable impedance.

The side of the primary of the transformer 26 which
is not attached to the center conductor 30 is also con-
nected to the input of a buffer amplifier 42. This amplhi-
fier 42 typically would have unity gain and it would
present high input impedance to the coaxial cable. The
output of the amplifier 42 is supplied to a second short
time constant differentiator 44 and to an enable circuit
46 for controlling a Schmitt trigger 48. The output of
the short time constant differentiator 44 is also supplied
to the input of the Schmitt trigger 48. The squarewave
output from the Schmitt trigger 48 is supplied through
a driver 50 to the output terminal 82 of the transceiver
16.

It should be noted at this point that the transceiver 16
has a floating ground 40 as well as a circuit ground or
earth ground 38. A bypass capacitor 36 1s connected
between the shield 32 of the coaxial cable 28 and to the
circuit ground 38. The secondary winding of the trans-
former 26 is connected between the shield 32 and the
floating ground 40. The purpose of this arrangement 1s
to suppress electromagnetic interference which is some-
times caused, as mentioned above, by the connection of
the transceiver to the cable 28. The bypass capacitor 36
helps reduce this electromagnetic interference that
causes a spike to be produced in the incoming signal
line. The direction of the windings of the transformer 26
are such that the voltage produced in the secondary
winding of the transformer 26 tends to oppose the spike
produced by the capacitor 36 and thus to cancel it. The
transformer can consist, for example, of two turns of
wire, bifilar wound, on a Ferroxcube type
#213CTI1050-3B7 ferrite core made by the Ferroxcube
Division of Emperex Electronic Corporation, 5083
Kings Highway, Saugerties, N.Y. 12477, a North Amer-
ican Phillips Corporation, Company.

A transmission line 54 is connected between the out-
put terminal 52 and still another short time constant
differentiator 56 whose output feeds a Schmitt trigger
58 connected to the circuit 10. Again the purpose of the
differentiating circuit 56 and the Schmitt trigger 38 is to
allow AC coupling to the transmission line 54 and stil]
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preserve the long period information from the received
signal.

Referring now more particularly to FIGS. 8A
through 8D a series of waveforms are shown taken
along the coaxial cable 28 at various distances from the
source of transmission. The waveform of the source is
shown in FIG. BA. It can be seen that the signal wave-
form degrades as the distance from the source increases.
These waveform changes are somewhat dependent on
frequency and the waveforms shown are for a typical
frequency such as several megahertz. The dotted line
waveform shown in FIG. 8B shows that for longer
distances the waveform tends to increase in direct cur-
rent amplitude with the duration of the signal. This is
because the coaxial cable tends to act in a capacitive
manner to average the direct current voltages produced
by the pulses. As shown in FIG. 8D at a large enough
distance from the source the waveform will have barely
perceptible rise times at an almost constant direct cur-
rent voltage level.

By detecting this direct current voltage level, un-
wanted noise can be barred from the transceiver. This is
the purpose of the enable circuit 46. It has a threshold
level which is set higher than the threshold levels of the
Schmitt trigger. Noise and residual transmissions typi-
cally have maximum amplitudes which are less than the
threshold level of the enable circuit 46. When the DC
level of a standard transmission is detected by the en-
able circuit 46 it allows the Schmitt trigger to detect
lower voltages which are produced by the actual rise
times of the flattened data pulses. It should be under-
stood that the transceiver of the present invention is
intended to operate only with unipolar transmissions.
Bipolar transmissions will not produce the DC level
with distance which has just been discussed and also
noise cannot be effectively eliminated by the circuit
described above.

Referring now more particularly to FIG. 2 the same
components discussed in FIG. 1 have been given the
same reference numerals. The transmission line 14 is
shown as terminating in two input terminals 18a and 18b
of the transceiver 16. A termination resistor 60 is con-
nected between the terminals 18a and 18b. This termina-
tion resistor is the characteristic impedance of the trans-
mission line 14.

The differentiation circuit 20 is comprised of a capac-
itor 62 connected to the input terminal 18a and through
a resistor 66 and a capacitor 64 to the input terminal 18b.
The junction of the resistor 66 and the capacitor 64 is
connected to the floating ground 40. The capacitance of
the capactior 64 is roughly 10 times that of the capacitor
62. Thus if the capacitor 62 is 27 pf the capacitance of
the capacitor 64 would be 270 pf. As mentioned above
the RC time constant of the differentiation circuit 20 is
selected to be very short compared to the minimum
pulse width. The connection point of the capacitor 62
and the resistor 66 is connected to the inverting input of
a differential amplifier 22 connected in a positive feed-
back circuit to operate as a Schmitt trigger. The output
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of the Schmitt trigger 22 is connected through the 60

driver 24 to the anode of a diode 68. The cathode of the
diode 68 is connected through the primary winding of
the transformer 26 to the center conductor 30.

The cathode of the diode 68 is also connected to the

non-inverting input of a differential amplifier 42 whose 65

output is connected to the inverting input of the ampli-
fier to provide unity gain. The output of the amplifier 42
is also supplied to the anode of a diode 70 and to a

6

capacitor 72 whose other lead is connected to the non-
inverting input of a differential amplifier connected to
have positive feedback and thereby form the Schmitt
trigger 48.

The cathode of the diode 70 is connected through a
resistor 74 to the cathode of a diode 76. The cathode is
connected through a resistor 78 to a negative bias V2,
The anode of the diode 76 is connected to the input of
the Schmitt trigger 48 and through a resistor 80 to the
floating ground. 40. |

The output of the Schmitt trigger 48, as mentioned
above is supplied through the driver 30 to an output
terminal 52a. Another output terminal 52b 1s connected
to the circuit ground. The transmission line is connected
to these output terminals 52a and 52b. The other end of
the transmission line 54 terminates in a termination resis-
tor 82 whose impedance matches the characteristic
impedance of the transmission line 54.

The differentiator circuit 56 is comprised of a capaci-
tor 84, connected between the transmission line 34 and
the input to the Schmitt trigger 58, a capacitor 86, con-
nected between the other half of the transmission line 54
and the circuit ground, and a resistor 88 which is con-
nected between the circuit ground and the input to the
Schmitt trigger 58.

The capacitors 64 and 86 are roughly 10 times the

capacitance of the capacitors 62 and 84, respectively.
Again, the RC time constants of the differentiation
circuits 44 and 56 are selected to be small compared to
the minimum pulse period of the signals to be received.
By small is meant on the order of 15% of the puise
period time.
" The enable circuit 46 operates as follows. When sig-
nal is received, unless it has the proper voltage level, the
diode 76 will be forward biased and its anode will be at
a potential which is below the threshold level of the
Schmitt trigger 48. This is due to the connection
through the resistor 78 to the minus voltage source V2.
If a signal with the proper voltage level and polarity Is
received, it will produce a voltage drop across the resis-
tor 78 which reverse biases the diode 76, thereby allow-
ing the differentiation circuit comprised of the capacitor
72 and the resistor 80 to differentiate the incoming sig-
nal and produce output pulses whose amplitudes exceed
the threshold voltage levels of the Schmitt trigger 48,
thereby causing it to produce a corresponding square-
wave output. Thus the enabling circuit 46 responds to a
voltage level which is above the threshold level of the
Schmitt trigger 48 so that noise and residual transmis-
sion signals are not passed on to the driver 50.

Referring now more particularly to FIG. 3 an addi-
tional short time constant differentiator 90 and Schmatt
trigger 92 have been added between the input terminal
18 and the short time constant differentiator 20°. Also a
short time constant differentiator 94 and a Schmitt trig-
ger 96 have been added between the Schmitt trigger 48
and the driver 50. The purpose of these added stages is
to allow the transceiver ground to be tied to the com-
puter ground. In all other respects the circuit operates
substantially identically to those shown in FIG. 2. The
short time constant differentiators 20’ and 94 instead of
being resistance-capacitance circuits are constituted by
transformers having primary and secondary windings.
Since the circuits shown in FIGS. 3 and 4 operate sub-
stantially identically to those shown in FIGS. 1 and 2,
respectively, the common components have been given
identical reference numbers.
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Referring now more particularly to FIG. §, off the
shelve type RS422 drivers usually exhibit too much
skew, 1.e. in the order of 2-6 ns. A way to achieve driver
capability with almost RS422 standards and almost no
or a neglgible amount of skew is to use two exclusive
OR gates. Thus as shown in FIG. 5A an exclusive OR
98 and an exclusive OR gate 100 have their outputs 102
and 104 connected to drive a balanced line pair 106
which terminate in a characteristic impedance 108. A
short time constant differentiation circuit (STD) 110 is
connected in parallel with the impedance 108 and the
output of the STD 110 is supplied to a Schmitt trigger
112. The STD 110 and the Schmitt trigger 112 can be of
the type described in reference to FIGS. 2 and 4.

One input 114 of the exclusive OR gate 98 is con-
nected to a positive voltage source V+. The other
input 116 of the exclusive OR gate 98 is connected to an
input 118 of the exclusive OR gate 100. The other input
120 of the exclusive OR gate 100 is connected to the
circuit ground. The correspondence of the inputs is that
114 corresponds to 118 and 116 corresponds to 120.
Single ended data is supplied to the inputs 116 and 118.
This combination of OR gates can be reduplicated by
paralleling other exclusive OR gates as will be apparent
to those skilled in the art.

In FIGS. 3B, 5C, and 5D various types of short time
constant differentiation circuits 110°, 110", and 110"
have been 1llustrated. In FIG. 5B is a bifilar transformer
122 constitutes the short term differentiation means. In
FIG. 3C the capacitors 124 and 126 together with the
resistor 130 constitute the short term differentiation
means. These capacitors are roughly equal in their ca-
pacitance however they are one tenth of the capaci-
tance of the capacitor 128 connected in the shield
ground lead. In FIG. SD the capacitance 132 and the
characteristic impedance 108" constitute the differenti-
ation means. The advantage of the circuit shown in
FI1G. 5C is that it allows a full floating ground whereas
the circuit in FIG. 5D does not have a floating ground.

Although the foregoing invention has been described
in some detail by way of illustration and example for
purposes of clarity of understanding, it is understood
that certain changes and modifications may be practiced
within the spirit of the invention as limited only by the
scope of the appended claims.

What i1s claimed is:

1. A data communication transceiver for transmitting
signals to a communicating medium and receiving sig-
nals therefrom which are generated by another trans-
cerver, the transceiver comprising

an mput terminal,

first. short time constant differentiation means con-

nected to the input terminal to differentiate signals
applied thereto and produce a first differentiated
output signal,
Schmitt trigger means supplied with the differenti-
ated output signal for producing a corresponding
[ first square wave output signal,

first driver means supplied with the square wave
output for supplying it to the communicating me-
dium,

amplifying means for recetving signals from the com-

municating medium and for producing an amplified
output therefrom,

second short time constant differentiation means sup-

plied with the amplified output signal for differenti-
ating it and for producing a second differentiated
signal,
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second Schmitt trigger means supplied with the sec-
ond differentiated signal for producing a corre-
sponding second squarewave signal,

an output terminal, and

second driver means supplied with the second square-

wave signal for supplying it to the output termi-
nal.} first square wave output signal which is supplied
to the communicating medium,

receiving means for receiving signals from the communi-

cating medium and for producing an output there-
from,
second differentiation means supplied with the output
signal from the receiving means for differentiating it
and for producing a second differentiated signal,

second Schmitt trigger means supplied with the second
differerntiated signal for producing a corresponding
second squarewave signal, and

an output terminal supplied with the second squarewave

signal.

2. A data communications transceiver as recited in
claim 1 further comprising enabling means supplied
with the [amplified output signal output signal from
the receiving means for controlling the second Schmitt
trigger means to produce the second squarewave signal
only when the amplitude of [the amplified} said out-
put signal exceeds a predetermined value.

J. A data communications transceiver as recited in
Lclaim 1 or 2 further comprising a transformer having
primary and secondary windings for interconnecting
the first driver and the amplifying means to the commu-
nicating medium. } claim 1 or 2 further comprising

driver means supplied with the first squarewave output

signal for supplying it to the communicating medium,
and

a transformer having primary and secondary windings

Jor interconnecting the driver means and the receiving
means to the communicating medium.

4. A data communications transceiver as recited in
claim 3 wherein

the transceiver has a floating ground and a circuit

ground,

the communicating medium is a coaxial cable having

an inner conductor and a shield,
the primary winding is connected in series between
the inner conductor of the communicating medium
Land the first driver and the amplifying means,-
Yand the driver means and the receiving means,

the secondary winding is connected in series between
the shield and the floating round, and further com-
prising

a capacitor connected between the shield and the

circuit ground.

3. A data communications transceiver as recited in
claim 4 wherein the transformer is of the bifilar type.

6. A data communications transceiver as recited in
claim 1 further comprising [third]} driver means, an
input transmission line interconnecting the [third}
driver means and the input terminal, third Schmitt trig-
ger means, [third]} and an additional short time con-
stant differentiator means [connected to supply] con-
necting the third Schmitt trigger means [, and an output
transmission line interconnecting the second driver
means and the third Schmitt trigger means} to the out-
put terminal. |

7. A data communications transceiver as recited in
claim [1 or} 6 further comprising a circuit ground, a
separate input and output balanced pair transmission
lines, and wherein [at least one of} said driver means
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comprise a first pair of exclusive OR gates, each gate the output of the second Schmitt trigger means, and
having an output connected to a separaie one of the means for supplying a bias voltage to the remaining
transmission lines of one of the pairs and each gate input of the other gate.
having corresponding pairs of inputs, one of the inputs 8. A data communications transceiver as recited in claim
of one of the gates being connected to the circuit 5 I wherein the second differentiation means is a short time
ground, the other input of the one gate being connected constant differentiation means.
to the non-corresponding input of the other gate and to * ¥ 2 x
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