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Circuit for generating a trapezoidal current waveform with matched rise and fall times.

@ Data from a local data terminal is converted from
a differential into single ended voitage by amplifier
A, integrated in integrator A; by charging and dis-
charging a capacitor Cuyr, producing a voliage
waveform which is converted into a stepwise varying
current |kt by a voltage-to-current converter 100,
which current is amplified by a current amplifier A,
which produces an output current lcx suitable for
connection to a network cable 10. The output current
waveform is preferable trapezoidal having equal rise
and fall times.
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Circuit for generating a trapezoidal current waveform with matched rise and falil times.

Background of the invention.

Field of the invention.

This invention relates to a circuit for generating
a current signal having a given current waveform,
in particular a trapezoidal current waveform with
substantially evenly matched rise and fall times;
and to a pulse transmitter circuit such as those in a
data terminal transceiver.

The invention also relates to a current amplifier
circuit and a voltage-to-current converter circuit
suitable for use therein.

In computer communication systems having a
local data terminal which communicates with a
local area network (LAN) or a larger global com-
puter network, a transceiver is used between the
data terminal and the network. This invention is
particularly useful with those networks in which a
pulse is transmitted by applying predetermined val-
ues of current pulses o the network cable, rather
than transmitting voltage pulses of a given voltage
level into the LAN cable.

In integrated circuit technology, a typical trans-
mitter circuit receives input data in the form of a
terminal, and must generate output data in the form
of a low voltage differential input signal from the
data higher power output signal having a particular
waveform to the network. During the transmission
of the particular waveform over media such as
coaxial cable, noise and interference may distort
the signal, causing errors in data fransmission. The
magnitude of these errors is affected by the shape.
of the waveform and by the transmitter output
impedance relative to the network impedance.

To enable accurate discrimination between sig-
nal and noise pulses, it may be especially desir-
able that data pulses be trapezoidal rather than
square, and have closely matched rise and fail
times. The matching of these times is more critical
than their actual value.

Description of the Prior Art.

A well-known fransmitter circuit transmits data
in the form of a voltage signal having a trapezoidal
voltage waveform. The transmitter circuit has a
differential amplifier, a pair of current sources, an
input switching device and an on-chip integrating
capacitor. The capacitor is connected between the
negative differential amplifier and the differential
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output. The first current source is connected be-
tween the negative input of the differentiai amplifier
to ground. The second current source, having the
opposite polanty and twice the magnitude, 1s con-
nected via the swilching device to the negative
input of the differential input, in parallel with the
first current source.

In response to high to low differential transi-
tions applied to the switching device of the trans-
mitter circuit, the swiich opens, and the capacitor
changes at a constant rate of I'C volts.;sec. Like-
wise, in response to low to high transitions applied
to the switching device, the switch cioses, and two
current sources combine to discharge the capacitor
at a constant rate of -I/C voltsisec. Thus the known
transmitter circuit generates a voltage signal having
a trapezoidal waveform with matched rise and fall
times.

Such a transmitter circuit is available from Na-
tional Semiconductor as the DS 3662 Quad High
Speed Transceiver.

Another circuit for providing a synthesized
waveform which is a replica of an input pulse is
taught by U.S. Patent 3.898,571. The output pulse
is obtained by summing the output voltages of a
plurality of gated amplifiers. This circuit is of par-
ticular value in receivers which infroduce pulse
distortion via a logarithmic amplifier.

A disadvantage of the ftransmitter circuit de-
scribed above is that there are no efficient conven-
tional techniques to convert a voltage signal having
a trapezoidal voltage waveform to a current signal
having a similarly shaped current waveform without
distorting the waveform characteristic. Such a
voltage-to-current converter which produces a pre-
cise current waveform characteristic is particutarly
desirable for use in transmitter circuits, especially
those used in transceivers which transmit data over
a coaxial line by sinking current and receive data
by sensing changes in voltage. More precisely
fransmitted current waveforms enable increased
speed and accuracy of data communication be-
tween each terminal in the network.

Summary of the invention.

An object of the invention is to provide a trans-
mitter circuit which has a current output waveform,
efficiently generated in response to an input voit-
age waveform.

A transmitter according to the invention is char-
acterized in that the circuit comprises a voltage-to
current converter having current switching means
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comprising a plurality of current switches having
outputs connected directly to a common output
node, for providing a low level current signal having
a waveform at least stepwise similar to a desired
output pulse waveform, in response to receipt of an
input voltage signal having the desired output pulse
waveform, means for providing the input voltage
signal having said desired puise waveform to said
voltage-to-current converter and in that the circuit
further comprises a current amplifier, receiving in-
put current from said common output node, and
having an amplifier output connected to said net-
work conductor for sinking current from said con-
ductor.

To provide a smooth waveform, a transmitter
according to the invention may include a smooth-
ing filter in the current amplifier, so that the appear-
ance of the current waveform obtained from the
voltage-to-current converter is smoothed. Prefer-
ably the smoothing filter is a capacitor used as a
compensating capacitor in the current amplifier. For
this reason the current amplifier is further char-
acterized in that said current amplifier comprises
filter means for smoothing said stepwise similar
signal to a current pulse having said desired puise
waveform. The means for providing the input volt-
age signal to the voltage-to-current converter are
characterized in that said means for providing said
input voltage signal further comprise input means
for receiving a differential input signal having an
arbitrary high and low voltage level and a given
pulse width, and converting said differential input
signal into the single-ended voltage signal and that
the means for providing said input voltage signal
comprise a single-ended voltage signal and in re-
sponse thereto producing a trapezoidal voltage sig-
nal proportional to said single-ended voltage signal,
and that in response to said voltage signal, said
current switching means produce said current sig-
nal having a trapezoidal current waveform stepwise
substantially similar to said trapezoidal voltage
waveform.

The current switching means in the voltage-to-
current converter characterized in that said current
switching means is a differential means having a
plurality of first and second differential inputs, a
current switching differential output, and a cor-
responding plurality of tail current sources each
having a constant tail current value of I, each of
said second differential inputs being connected to a
voltage threshold tap of a voltage divider con-
nected to a reference source and each of said first
differential inputs being connected together for re-
ceiving said voltage signal in common wherein in
response to said voltage signal with respect to
each of said plurality of voltage threshold taps, said
differential means controls the current flow through
said current switching differential output by each of
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said plurality of tail current sources to produce a
current signal having a current waveform shaped
stepwise similar to said voltage signal.

The voltage-to-current converter circuit in-
cludes a piurality of differential current switches,
connected so that as the voltage rises the switches
are turned on consecutively, and as it falls they are
turned off in reverse order. The switches are pref-
erably identical, and each have a first and second
input, an output, and a constant current source. All
the first inputs are connected together directly to a
common input node for receiving a voltage signal
which is to be converted into a current signal. The
outputs of the switches are connected to a com-
mon output node, at which a staircase current
waveform is produced, stepwise similar to the input
voltage waveform. Preferably, the second inputs of
each of the swiiches are connected to respective
taps of a voltage divider having equally spaced
taps.

In an embodiment where the peak value of the
current pulse is to be controlled closely, the volt-
age level at the highest voltage tap is made suifi-
ciently less than the maximum voltage of the volt-
age signal so that all current switches are fully
turned on at the peak of the output trapezoid. It
may also be desirable that the lowest tap provide a
threshold voltage high enough so that, when the
input voltage is at its minimum value between
puises, all of the current switches are fuily turned
off; that is, they do not provide any significant
current into the common output node.

This converter circuit has the advantage that
the scale factor of voltage-to-current can very easi-
ly be changed by varying the voltage applied to, or
the current passed through, the voltage divider or
by changing the reference level for the set of
constant current sources being switched. The num-
ber of current switches and divider taps is selected
according to a compromise between component
simplicity which calls for a small number of switch-
es, and closeness of staircase fit to the desired
waveform, which calls for a large number of switch-
es. The fact that many such switches exhibit a
"soft switching" characte ristic, 60 millivolt offset
typically providing a 10%-90% current switching,
means that a relatively straight line characteristic
can be obtained if the switch thresholds are 50 to
100 millivolts apart. At the same time it may be
desirable to provide a different threshold voltage
for the first tap of the divider, so that there is not
significant current flow in the face of a zero input
voltage.

The particular advantages of this converter cir-
cuit are that it does not exhibit any saturation effect
at high current levels, and that the average slope of
a rising or decaying input voitage is very accu-
rately duplicated in the current waveform.
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The integration of the single-ended voltage is
done in a circuit characterized in that said integra-
tion means comprises differential means having a
first and second differential input, a tail current
source with a constant current value 2I, and a
single-ended output, said first differential input for
receiving said single-ended voltage signal, current
source means having a constant current value |,
said current source means being connected to said
differential output, a capacitor means also being
connected to said differential output and having a
predetermined capacitive value C, negative feed-
back means for connecting said single-ended out-
put to said second differential input, in response to
said single-ended voltage “signal on said first dif-
ferential input with respect to said second differen-
tial input, said differential means and current
source means combining to control current flow
charging or discharging said capacitor means at a
constant value of I/C or -I/C respectively, to pro-
duce an integrated voltage signal on said second
differential input proportional o said single-ended
voltage signal with respect to said given puise
width, said integrated voltage signal having a par-
ticular voltage waveform. This stage provides
closely matched charging and discharging currents
to a capacitor, the one or the other being applied
depending on the high or low voltage state of the
single ended voltage signal. Where, as is usually
the case, a trapezoidal output waveform is desired,
this stage includes a clamping circuit which clamps
the rising voltage on the capacitor at a given value
such that there is always a time delay between
charging and discharging; and clamps the capaci-
tor voltage at a minimum value such that there is
always some time delay between the falling slope
of the trapezoid and the commencement of rise of
the next trapezoidal pulse.

A suitable voltage-to-current converter circuit is
characterized in that it comprises means for receiv-
ing a voltage signal, a reference voltage source, a
voltage divider connected to said reference voitage
source, having a plurality of taps providing thresh-
old voltages, and a plurality of differential current
switches, each current switch having a respective
first and second input, a constant current source,
and an output, said first inputs all being connected
directly to a common input node, said outputs all
being connected directly to a common output
node, and said second inputs being connected
respectively to said taps on said divider, whereby
current through said output node has a waveform
which is stepwise substantial similar to said voltage
signal.

A suitable current amplifier circuit comprising a
current input terminal, a first current output terminal
and an amplifier arrangement having a non-invert-
ing input, an inverting input and an output, which is
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coupled to the inverting input is characterized in
that the current input terminal is coupled to the
non-inverting input and that the first current output
terminal is coupled to the current input terminal via
a first impedance and to the output of the ampilifier
arrangement via a second impedance.

The invention will be described in detail
hereinafter with reference to embodiments shown
in the drawing.

BRIEF DESCRIPTION OF THE DRAWING.

Fig. 11s a block diagram of a puise receiver
and transmitter circuit in accordance with the in-
vention.

Fig. 2 is a pulse timing diagram showing
input or output signals from certain blocks of Fig. 1,

Fig. 3 is a schematic diagram of the voltage
waveform shaping stages of the circuit of Fig. 1,

Fig. 4 is a schematic diagram of the voltage-
to-current switching stage of the circuit of Fig. 1,

Fig. 5 is a schematic diagram of a current
amplification stage of the circuit of Fig. 1, and

Fig. 6 is a schematic diagram of a circuit
that generates reference currents used in the cir-
cuit of Fig. 1.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS.

Figure 1 shows a block diagram of a tran-
sceiver which is the interface between a data termi-
nal having a balanced output voltage, and a local
area network which has a conductor 10 which car-
ries data pulses. The receiver section 20 and the
transmitter section may preferably be portions of
one integrated circuit, or may be separate.

The transmitter circuit includes an input stage
A+ which receives serial data puises at a predeter-
mined frequency of pulse width, typically in the
form of a balanced voitage differential signal Vg
having square pulses as shown in Fig. 2. The
voltage differential signal has an arbitrary low volt-
age level V_ and high voltage level Vi unique to
the circuitry of the data terminal. Input stage As

-converts the voltage differential signal into a single-

ended voltage signal Vai having square pulses,
with a defined low voltage level V1 and high volt-
age level V2 as shown in Fig. 2.

A voltage wave-shaping stage Az including an
integrating capacitor receives the single-ended volt-
age signal having a given voltage pulse width and
produces a trapezoidal voltage signal Vit having a
pulse width determined by that of the single-ended
voltage signal. Preferably the trapezoidal voltage
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waveform has evenly matched rise and fall times.
Alternatively, an isosceles-like trianguiar voltage
waveform is also a suitable voltage waveform.

The voltage waveform Viyr produced in stage
A, is applied to the current-switching stage 100 of
the voltage-to-current converter. Switching stage
100 produces a low level current signal having a
waveform It which is stepwise similar to the voltage
waveform, and will thus have substantially equal
current rise and fall times. The output current am-
plifier Ag amplifies and filters the preamplified cur-
rent waveform to generate the current Icx drawn
from the network conductor, which causes the
trapezoidal pulses to be transmitted.

The reference current source 2 provides the
current sinking source needed to drive the differen-
tial transistor pairs of the current switches, and the
amplifier circuits above.

Figure 3 is a schematic diagram of wave-shap-
ing stage Ao, which converts an arbitrary square
waveform Va; into an internally defined waveform
Vinr. Transistors Qi and Qz combine to form a
differential pair having their emitters tied together
and connected to a tail current source 2lpq. In the
preferred embodiment current source 2lps equals 2
mA. Capacitor Cyy and buffer/feedback stage As
integrate and clamp the internally defined square
waveform Va; into a trapezoidal voltage waveform
Vint. Transistors Qi and Qz combine to form a
differential pair having their emitters tied together
and a tail current source 2!z, connected to the tied
emitters. The collector of transistor Qi is grounded,
while the collector of transistor Qa2 is connected to
capacitor Cpr, to the base of emitter follower fran-
sistor Q3, and to the collector of transistor Qs. As
will be shown below, in response to the single-
ended voltage signal at voitage levels V2 and Vi,
capacitor Cyyr charges and discharges at a sub-
stantially constant rate of lgy/Cinr.

Transistors Q«, Qs, Qs and Q7, and resistors
Re; and Rey, are configured to form a super Wilson
mirror. A constant current source lg; isconnected in
series with the interconnected collector and base of
transistors Qs. Because of the current mirroring an
identical current lgy flows through transistors Qs
and Qy. This is one half the value of the tail current
2lgs of the differential pair. Thus by alternatively
switching Qi and Qz on and off, a current lg; will
either charge or discharge capacitor Cwr at the
same accurate and precise rate of Ipy/Cinr.

In response to Var = Vp, transistor Qi is
turned on, transistor Q2 is turned off, and current
lny flows through transistors Q7 and Qs to charge
capacitor Cyr at a rate of lpi/Cinr. The voltage at
the collector of transistor Q12 rises as Ciyr charges,
while at the same time the stage output voltage
Vinr rises. Because of connection of the emitter of
Qs to the base of Qz, when Viyr rises to the value
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Va2 or Vay, transistor Q2 also turns on and carries a
current 1py so that charging of Cinr stops.

When V¢ drops to Vi, transistor Qi is turned
off, transistor Qz is turned on, and current flows
through transistors Qz at a constant value of 2lg.
Since only a current Iy flows through transistors
Qs and Q7 of the Wilson mirror, a current gy flows
from the capacitor Cyr, and the capacitor now
discharges at a constant rate of laiCinr. Thus the
voltage at the collector of transistor Qi2 decreases
at a steady rate back to voltage Vi. Again, transis-
tor Qs acts as a unity gain buffer so that the stage
output voltage Viyr at the emitter of transistor Qa
follows the voltage at the collector of transistor Qz,
down to a voltage level Vi where the differential
pair of Qi and Q. again are balanced at a current
Iy each, and Viyr stops falling.

Since the capacitor Cwr charges and dis-
charges at substantially the same rate lpy/Cit, @
particular voltage waveform with a very evenly
matched rise and fall time results.

Figure 4 is a schematic of the current switching
stage which will convert the voitage signal Viyr into
a low level current signal It having a stepwise
similarly shaped current waveform shown idealisti-
cally in Figure 2. Transistor pairs Qz1, Qz2; Qas,
Q24: Qas, Qzs; Qo7, Qag; and Qog each form a
differentiai pair with a tail current source lga. The
collectors of each transistor Qz1, Qza, Qzs, Qa7
and Qz9 are all tied together at a common output
node drawing the current Iy, while the collectors of
transistors Qzz2, Qz4, Qz¢, Qe and Qso are con-
nected to ground. Cascode transistors (not shown)
may be connected respectively in series with the
tail current source Iz to reduce spikes at the
output caused by feedback form base to collector
of the current sources.

A voltage divider is formed by five resistors a
current source and a reference voltage source
Vger. Threshold voltage taps Vi, Vrz, Vra, Vs, @nd
V15 have constant voltage outputs at fixed threshold
values, and are connected respectively to the
bases of transistors Qz1, Q23, Qa2s, Q27 and Qqs.
The bases of transistors Qozz, Qazs, Q26, Qzs and
Qao are connected to a common stage input node
receiving the voltage signal Vi from the wave-
shaping stage A. Resistors Rp between the taps
are identical in value, while resistor Re between the
voltage source Vrgr and tap Vs may be selected
for convenience in scaling.

In the preferred embodiment V2 = -4.9 volts,
Vi = -6.3 volts and the threshold voltages are
spaced 200 mv apart. For preferred voltage thresh-
old values of V4 = -6.0v, Vra = -5.8 v, V13 = -5.8
Vv, Vra = -54 v and Vys = -5.2 v, turn-off of
fransistors Qa2, Q2¢...Qa0 is assured when Viyr =
Vy; and full turn-on of all these transistors is also
assured for Viyt = V2 despite shifts in Viyr due to
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variations or drift in component values.

As the voltage Vit rises from Vi to Vo, and it
sequentially exceeds the voltage thresholds Vi,
Vo, Vra, Vo4 and Vis, and transistors Q22, Qas,
Qzs, Qos, Q3 are progressively turned on. Simi-
larly, when the voltage on the capacitor Ciyr falls
from V2 to Vi, then transistors Qz2, Qas, Qzs, Qs
and Qao are progressively turned off. This provides
a polarity reversal, by which the current |z falls as
the voltage Viyr rises, to accommodate a corre-
sponding reversal in the following amplifier stage.

Those of ordinary skill in the art will recognize
that the graph of |y in Fig. 2 is idealized. In a
practical integrated circuit using bipolar technology,
with a 200 mv differential voltage between the
bases of a differential pair, one will be essentially
fully off. With a 60 mv differential, current sharing
between the pair will be about a 1-to-10 ratio, while
equal base voltages produce roughly equal cur-
rents. Thus in the preferred embodiment with 5
switches at 200 mv spacing, one switch is prac-
tically fully swiiched when the next has started to
switch.

By using a greater number of swiiches, with
more closely spaced divider tap voltages, a
smoother rising and falling ratio of Iy vs. time may
be obtained. However, making the lowest step (V-
V)) smaller raises the possibility that I+ #* Siga
between pulses; while making V2 - Vs smaller
raises the possibility that the zero vaiue of the
trapezoid will vary.

The advantage of having more switching pairs
for an increasingly smoother output current
waveform also leads to a design comprise, be-
cause of the disadvantage of increasing the area
on the silicon chip to accommodate more switching
pairs, and causing a decrease in the yield and
reliability of the overall circuit.

A very precise and repeatable current
waveform results from the circuit according to the
invention. The output current amplitude of the cur-
rent waveform may be adjusted simply by setting
the reference for the current sources lg, in the
converter circuit of Figure 4. The rise and fall time
of the current waveform are adjusted simply by
either adjusting the reference voltage Vggs or cur-
rent Iz. Maiching of the rise and fall times is
controiled by adjusting the ratio of current sources
Iy and 2!y that charge and discharge the capacitor
Cwr in the stage A2. An accurate and precise
current waveform with closely matched rise and fall
times thereby results bécause resistors and current
sources can be very accurately and precisely pro-
duced when the circuit is embodied in a silicon
chip. A further advantage of using switched current
sources in a fransmitter circuit of a transceiver
device is that the output pulse amplitudes at both
the maximum and minimum current levels are ex-
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tremely well-defined. This is a very important qual-
ity in the transmitter circuit of an transceiver.

The current amplifier circuit Ag of Fig. 5 pro-
vides an accurately defined linear gain to amplify
with minimum distortion the particular pre-shaped
current waveform outputted as Ir.

Transistors Qs and Qss combine to form a
differential pair having their emitters tied together
and a tail current source 2l connected to the tied
emitters. The collector of transistor Qs is ground-
ed, and the collector of transistor Qss is connected
to a constant current source l.. Transistors Qss
and Qs7 combine to form a Darlington pair which
functions as a very accurate unity gain feedback
buffer, having the base of transistor Qss connected
to the collector of transistor Qss, the collectors of
transistors Qss and Qs7 connected to ground, the
emitter of Qss and base of Qs7 connected to a
current source lg, and the emitter of transistor Qsz
connected to the base of transistor Qss and to the
driving stage for the output mirror through transis-
tor Qss. The Darlington pair Qss and Qs7 minimize
error caused by large base currents in other unity
gain feedback buffers.

A compensation capacitor C. connecied to cur-
rent source | at the connection to the collector of
transistor Qss and base of Qss also provides filter-
ing, so that the ouiput current is quite smooth. A
small value of 2 picofarads has been found effec-
tive.

The differential pair Qss, Qss and Darlington
pair Qss, Qs7 provide large current gain and a unity
voltage gain feedback. This is so because the
Darlington pair Qss, Qsz forces the voltage at the
base of transistor Qss to be substantially equal to
the input voltage at the base of transistor Qs..

The base of transistor Qsg is connected to its
collector, so the transistor provides a relatively
constant voltage drop for the combined voltage
drop current I+ passing through resistor N1Rz, and
amplified current Nilr passes through resistor Ra,
allowing a current (N: +1)Ir to pass into the next
amplification stage. This resuits in a linear current
gain of Ny +1,

Transistors Qss and Qsc combine to form a
current mirror, having resistor N2R3; connected be-
tween the emitter of transistor Qss and the negative
voltage Veg, and resistor Rs connected between
the emitter of transistor Qss and the negative bus.
Labels "x" and "nx" represent the ratio of the
emitter areas of each transistor on the silicon chip.
Transistor Qsg functions as a level shifting diode.
Thus in response to the current (N1 + 1)l passing
through diode Qss, a total current Na(N: +1)lr is
drawn as current lg through output transistor Qso.
in this particular design, for example. a first am-
plification stage value of N» = 8, and a final
amplification stage of N; = 4, results in a fotal
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current gain of 36.

Thus it is possible that a low level current
signal, having a trapezoidal waveform shape with a
weli defined risesfall time generated at an amplitude
of 2mA, may then be amplified to 72mA without
distorting the current waveform.

In this circuit the current gain is determined by
the various resistor ratios. Such resistor ratios are
well controlled parameters in integrated circuit
technology.

Figure 6 shows a current reference source that
can be a typical building block for the source 2.
Transistors Q71 and Qrz form a differential pair
having its emitters tied and connected through re-
sistors Reyy, Reze to tail current 21, Transistors Qrs
forms a unity gain buffer. Current source lprar
allows a current to flow which is proportional to
absolute temperatures. Diode Qp provides a de-
crease in voltage proportional to temperature, and
resistor R7: an increase in voltage proportional to
temperature; thus the voltage drops across Qp and
R7+ compensate for one another during tempera-
ture change. Capacitor Ceomp iS @ compensating
capacitor and diode Dys and Dyg are level shifting
diodes. This circuit results in current flow through
resistor R which is substantially not effected by
changes in ambient temperature.

Transistors Qz¢, Qzs, Qzs and Q77 combine to
form a super Wilson mirror. Transistors Qso, Qs1,
Qs2... Q, also combine to form a feedback mirror,
producing typical reference currents .

The voltage-to-current stage of Fig. 4 may be
used by itself to provide a current wave which is
stepwise similar to a voltage wave in applications
unrelated to a terminal-to-Lan transciever. In such
circumstances it may be desirable that the voltage
range of the divider taps exceeds or is at least
approximately equal to the peak voltage range of
the voltage signal to be converted. Connection of
the collectors to ground, and to the common output
node, may be interchanged so that the current |r
rises for rising voltage Vinr.

The embodiments described above are intend-
ed for use with bipolar technology and a negative
voltage supply, where the LAN typically has a 50
ohm impedance and a signal conductor at ground
potential. Those of ordinary skill will recognize that
many alternatives to these embodiments fall within
the scope of the invention. For example, the cir-
cuits or portions thereof may by MOS types, and
may be of any polarity or grounding arrangement.
The input stage or wave-shaping stage may not be
required, or may have substantially different forms.
The output need not be a current mirror. Thus the
scope of the invention should be limited only by
the appended Claims.

10

20

25

30

35

40

45

50

55

Claims

1. A transmitter circuit for transmitting pulses to
a network of the type in which pulses are transmit-
ted by sinking current from a network conductor,
characterized in that the circuit comprises a
voltage-to-current converter having current switch-
ing means comprising a plurality of current switch-
es having outputs connected directly to a common
output node, for providing a low level current signal
having a waveform at least stepwise similar to a
desired output pulse waveform, in response to re-
ceipt of an input voltage signal having the desired
output pulse waveform, means for providing the
input voltage signal having said desired pulse
waveform to said voltage-to-current converter.

2. A circuit as claimed in Claim 1, character-
ized in that the circuit further comprises a current
amplifier, receiving input current from said common
output node, and having an amplifier output con-
nected to said network conductor for sinking cur-
rent from said conductor.

3. A circuit as claimed in Claim 2, character-
ized in that said current amplifier comprises filter
means for smoothing said stepwise similar signal to
a current pulse having said desired pulse
waveform.

4, A circuit as claimed in Claim 1, character-
ized in that said current switching means is a
differential means having a plurality of first and
second differential inputs, a current switching dif-
ferential output, and a corresponding plurality of tail
current sources each having a constant tail current
value of |, each of said second differential inputs
being connected to a voltage threshold tap of a
voltage divider connected to a reference source
and each of said first differential inputs being con-
nected together for receiving said voltage signal in
common wherein in response to said voltage signai
with respect to each of said plurality of voltage
threshold taps, said differential means controls the
current flow through said current switching differen-
tial output by each of said pilurality of tail current
sources to produce a current signal having a cur-
rent waveform shaped stepwise simiiar to said volt-
age signal.

5. A circuit as claimed in Claim 1, character-
ized in that the means for providing said input
voltage signal comprise a single-ended voltage sig-
nal, and in response thereto producing a
irapezoidal voltage signal proportional to said
single-ended voltage signal, and that in response to
said voltage signal, said current swiiching means
produce said current signal having a trapezoidal
voltage waveform stepwise substantially similar to
said trapezoidal voltage waveform.
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8. A circuit as claimed in Claim 5, character-
ized in that said means for providing said input
voltage signal further comprise input means for
receiving a differential input signal having an ar-
bifrary high and low voltage level and a given puise
width, and converting said differential input signal
into the single-ended voltage signal.

7. A circuit as claimed in Claim 5, character-
ized in that said integration means comprises dif-
ferential means having a first and second differen-
tial input, a tail current source with a constant
current value 2I, and a single-ended output, said
first differential input for receiving said single-end-
ed voltage signal, current source means having a
constant current value |, said current source means
being connected to said differential output, a ca-
pacitor means also being connected to said dif-
ferential output and having a predetermined capaci-
tive value C, negative feedback means for connect-
ing said single-ended output to said second dif-
ferential input, in response to said single-ended
voltage signal on said difirst differential input with
respect to said second differential input, said dif-
ferential means and current source means combin-
ing to control current flow charging or discharging
said capacitor means at a constant value of V/C or
-I/C respectively, to produce an integrated voltage
signal on said second differential input proportional
to said single-ended voltage signal with respect to
said given pulse width, said integrated voltage sig-
nal having a particular voltage waveform.

8. A circuit as claimed in Claim 7, character-
ized in that said integration means produces a
voltage signal having a trapezoidal voltage
waveform with substantially equal rise and fall
times: and in response to said voltage signal said
current switching means produces said current sig-
nal having a trapezoidal current waveform with sub-
stantially equal rise and fall times.

9. A voltage-to-current converter circuit char-
acterized in that it comprises means for receiving a
voltage signal, a reference voltage source, a volt-
age divider connected to said reference voltage
source, having a plurality of taps providing thresh-
old voltages, and a plurality of differential current
switches, each current swiich having a respective
first and second input, a constant current source,
and an output, said first inputs all being connected
directly to a common input node, said outputs all
being connected directly to a common output
node, and said second inputs being connected
respectively to said taps on said divider, whereby
current through said output node has a waveform
which is stepwise substantially similar to said volt-
age signal.

10. A circuit as claimed in Claim 9, character-
ized in that said circuit comprises current am-
plifying means having a current input node con-
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nected to said output node, and a capacitor con-
nected to said current amplifying means for provid-
ing a smoothly varying output current.

11. A circuit as claimed in Claims 1 to 8
characterized in that the circuit comprises a re-
ceiver section.

12. A current amplifier circuit comprising a
current input terminal, a first current output terminal
and an ampilifier arrangement, having a non-invert-
ing input, an inverting input and an output, which is
coupled to the inverting input. characterized in that
the current input terminal is coupled to the non-
inverting input and that the first current output
terminai is coupled to the current input terminal via
a first impedance and to the output of the amplifier
arrangement via a second impedance.

13. Current ampilifier circuit as claimed in Claim
13, characterized in that the second impedance is
coupled to the output of the amplifier arrangement
via the base-emitter junction of a transistor, wherein
the collector of the transistor is coupied to a sec-
ond current output terminal.
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