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CURRENT-MODE DIFFERENTIAL ACTIVE
HYBRID CIRCUIT

BACKGROUND

A hybrid circuit is used to transmit and receive signals
simultaneously along the same medium. For example,
twisted-pair cable is used in the public telephone network to
carry signals in both directions between two people talking.
A single pair of wires carries both signals. Similarly, in
Ethernet transmission over copper wires, each of four pairs
of wire in a Category 5 cable is used to carry signals in both
directions simultaneously.

A hybrid circuit is necessary because the transmitter and
the receiver can not simply be tied together at each end of
the cable. If this were done, the transmit signal would
severely interfere with the received signal, particularly if the
receive signal has been significantly attenuated by the cable.
Thus, some means must be used to cancel the transmit signal
at the receiver input so that just the receive signal can be
recovered, while still allowing the transmit signal to be
applied to the cable.

Conventional hybrid circuits can be passive, constructed
of various coils arranged so as to achieve the necessary
cancellation of the transmit signal. Another type of conven-
tional hybrid circuit employs operational amplifiers as dis-
closed in U.S. Pat. No. 5,479,504, by Nakano et al., herein
incorporated by reference in its entirety.

The hybrid circuit disclosed in Nakano et al. is a voltage
mode device in that it utilizes a voltage output for the
transmitter with series termination resistors to terminate the
medium as well as to isolate the transmit circuit from the
receive circuit. Such a topology relies on low output imped-
ance voltage drivers so that the receive signal is significantly
attenuated at the transmitter output. In such a circuit the
transmit signal, free from the receive signal, is available so
that it can be subtracted from the combined transmit and
receive signal that appears at the interface to the medium.

One drawback of the above referenced hybrid circuit is
that it is not ideal for implementation in mass produced high
speed communication circuits. As such, a new circuit topol-
ogy capable of use in integrated communication circuits
transmitting up to 1 Gigabit per second or faster is needed.

Further, it would be desirable if such a topology allowed
a controlled, stable impedance (termination) to a transmis-
sion medium. Also, it would be desirable if some imple-
mentations allowed a differential receive signal coming from
the medium to pass with minimal loss to a single ended node
VRX. Moreover, it would be desirable if the transmit signal
were allowed to pass with low loss to the medium. In
addition, it would be desirable to efficiently cancel the
transmit signal from the recovered receive signal.

SUMMARY

At least one embodiment of the present invention utilizes,
a current mode differential active hybrid circuit having an
H-bridge output driver with a first output resistor coupled
across a transmission medium output. Drive circuitry is
coupled to the output H-bridge and constructed to supply
data modulated signals to the output H-bridge. A second
H-bridge is coupled to the drive circuitry in parallel with the
output H-bridge to allow a second output across a second
output resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an current mode differential active hybrid
circuit embodiment in accordance with the present inven-
tion.
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FIG. 2 shows a dual differential amplifier capable of use
with some embodiments of the current mode differential
active hybrid circuit of FIG. 1.

DETAILED DESCRIPTION

Turning to FIG. 1, in one implementation of the present
invention, a hybrid circuit 100 is provided to transmit and
receive signals simultaneously. Transmitter output devices
M1 through M4 are configured in what can be referred to as
an H-bridge output driver. The H-bridge is configured to
provide a differential signal, balanced with respect to
ground, for transmission over a transmission medium 10.

An output resistor R is coupled across a transmission
output 110, such as a transformer, which is coupled to the
transmission medium 10. The transmission output 110 may
have a resistance R that substantially matches the output
impedance Z presented by the transmission output 110. In
the case of a transformer presenting a 100 ohm output
impedance, the output resistor R preferably would be
selected at 100 ohms.

Drive circuitry 120 is coupled to the H-bridge output
circuit. The drive circuitry 120 is constructed to supply data
modulated signals to the H-bridge output driver. In the
embodiment of FIG. 1, the drive for the output devices M1
through M4 of the H-bridge output comes from current
sources L,,, I, ,L,,,and L, _, respectively. The signal currents
are forced through diode-connected devices M21 through
M24, respectively. The diode-connected devices M21
through M24 develop gate voltages to be applied to the
output devices M1 through M4, respectively.

The embodiment of FIG. 1 allows a hybrid circuit to be
constructed with high impedance output devices M1 through
M4, such as metal-oxide-semiconductor or MOS transistors,
in the output or transmit portion of the hybrid. Because of
their high impedance, the output devices M1 through M4
can best be characterized as current outputs instead of
voltage outputs. The problem with a current mode output for
a hybrid circuit, is that unlike with voltage mode outputs
discussed above, no transmit voltage signal is explicitly
available at the output for use to recover the receive signal.
This is because the transmit signal is not available free from
the receive signal at the output.

To overcome this, the embodiment of FIG. 1 provides an
active reconstruction circuit in parallel with the output
H-bridge circuit. The reconstruction circuit, reconstructs or
emulates the transmission signal that is generated by the
output H-bridge. In the embodiment of FIG. 1, the recon-
struction circuit is a second H-bridge, M11 through M14,
coupled to the driver circuitry 120 in parallel with the output
H-bridge, M1 through M4. As such, in this implementation,
the reconstruction circuit is driven by the same driver
circuitry 120 as the output H-bridge and provides an accu-
rate reconstruction of the transmit signal which is provided
to the transmission output 110.

In one implementation transistors M11 through M14 are
ratio-matched to the output devices M1 through M4, respec-
tively. Thus, they have the same gate length, but a total width
of 1/N times the width of the output devices to which they
are matched. So, for instance, M11 has a W/L ratio repre-
sented by 3, while M1, the output device that is ratio-
matched to M11, has a W/L ratio given by N3, where N is
a positive integer, typically about 5-10. Note that if comple-
mentary metal oxide semiconductor or CMOS transistors are
utilized, the n-channel transistors need not have the same
total width as the p-channel transistors, just the ratio N must
be the same.
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Thus, if we assume differential operation and for now
ignore any received voltage from the medium (this can be
done, by the principle of superposition, as long as the circuit
remains linear), the signal currents I,,, I, , I, I, will be
generated such that output current I flows through the load,
made up of resistor R and the transformer coupled to the
transmission medium 10. The transformer presents an
impedance Z to the transmitter. That, in parallel with load
resistor R makes a total load impedance of R*Z/(R+Z).
Further, if we assume the ideal case, then Z=R, and the total
load impedance is R/2. Then the output voltage V,=(V -
V. )=RI/2.

Since the reconstruction transistors, M11 through M14,
have the same gate-to-source voltages VGS as transistors
M1 through M4, respectively, they will mirror the currents
out of M1 through M4 multiplied by factor 1/N. Then, the
current through load 130 of the second H-bridge, chosen as
NR/2, will be I/N.

The load 130 of the second H-bridge conveniently may be
selected as NR/2 to match to the impedance of R in parallel
with Z, multiplied by the factor N. If this is done, the output
voltage of the second H-bridge V, (=V,,-V;_), will equal
the output voltage V,. This facilitates operation of the
hybrid 100.

Turning to FIG. 2, a differential difference amplifier or
dda 200 may be utilized to provide a receive signal V5 from
the mixed transmit/receive signals V,,, and the reconstructed
transmit signal V. As such the differential output voltages
V,, and V,_ and the reconstructed differential output volt-
ages Vg, and V,_ are coupled to the differential difference
amplifier 200 which produces a received voltage signal V.
The differential difference amplifier 200 essentially subtracts
differential voltage V from differential voltage V,, to pro-
duce single-ended output Vgy. As noted previously, the
reconstructed transmitter voltage Vg should be equal to the
transmitter voltage V ,; therefore, the difference between the
2 voltages is zero, and the transmit signal is canceled to
produce Vgy. Differential difference amplifiers are well
known in the art and commercially available. An example of
a CMOS differential difference amplifier circuit may be
found in a publication by Sackinger and Guggenbuhl,
entitled A Versatile Building Block: The CMOS Differential
Amplifier, printed in IFEFE Journal of Solid State Circuits,
April 1987, Vol. SC-22, No. 2, pp. 287-294, herein incor-
porated by reference.

Referring to FIG. 1, the hybrid circuit 100 of FIG. 1
properly terminates the transmission medium and effectively
couples the received signal from the medium to recovery
circuitry. From FIG. 1 it can be observed that the termination
seen by the medium is approximately the resistance R, if the
assumption is made that the output impedance of the tran-
sistors is very high relative to R. In this implementation,
there is complete freedom to select R to match the charac-
teristic impedance of the transmission medium. It is also
apparent that the received signal can be directly coupled to
the dda on the V, port. If we assume the transmitter is
inactive (valid by superposition), the voltage V, will be zero
and Vg4=V,. Therefore, the receive signal is effectively
coupled to the single-ended signal Vi, without loss.

The implementation of FIG. 1 allows current mode
devices to be used if desired. Whereas conventional hybrid
circuit topology uses voltage drivers for the transmitter
along with series termination resistors to terminate the
medium, as well as to isolate the transmit circuit from the
receive circuit, such as is described by Nakano et al, U.S.
Pat. No. 5,479,504, the implementation of FIG. 1 allows
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utilization of current mode devices. Use of the reconstruc-
tion circuit, implemented in at least one embodiment by the
parallel coupled second H-bridge, M11 through M14, gets
around multiple problems with previous circuits, particu-
larly if they were to be implemented in a CMOS integrated
circuit. Further, the implementation of FIG. 1 allows the
output devices to be connected directly to the medium if
desired, without series resistance for isolation.

As discussed above, the implementation of FIG. 1 is
particularly useful for implementation with CMOS inte-
grated circuits. Because of the low transconductance of
MOS transistors, it is less practical to provide the high-
speed, low output impedance voltage drivers necessary for
many applications, particularly if a voltage-mode output
were to be used. On the other hand, MOS transistors work
well for current-mode output drivers. The implementation of
FIG. 1 allows this property to be exploited without the
drawbacks that would otherwise encountered with other
circuit topologies. Further, if desired, it allows current-mode
output while still achieving the cancellation required of a
hybrid circuit.

The implementation of FIG. 1 is suited for matched
transistor devices as discussed above. As such, it may be
more easily implemented with transistors built on a mono-
lithic integrated circuit, which typically have more device
uniformity and allow more accurate matching of similar
devices. Further, in some embodiments, it may be desirable
to provide the driver circuitry and the dda from the same
monolithic devices, such as with MOS type devices.

Although the invention is well suited to implementation in
CMOS technology, it could be built with bipolar transistors.
Further, it does not require complementary transistors. It
could be implemented with just n-channel MOSFET’s or
with NPN bipolar transistors. For example, M1 and M2
could be replaced with pull-up resistors in a unipolar type
implementation. In such an implementation, each of the
pull-up resistors could have a value of R/2. Or instead, M3
and M4 likewise could be replaced with pull-down resistors.

While the preferred methods and embodiments of the
present invention have been described in detail above, many
changes to these embodiments may be made without depart-
ing from the true scope and teachings of the present inven-
tion. The present invention, therefore, is limited only as
claimed below and the equivalents thereof.

What is claimed is:

1. A current mode differential active hybrid circuit com-
prising:

an output H-bridge having an output driver, comprising

first transistors, and a first output resistor coupled
across a transmission medium output;

drive circuitry, coupled to the output H-bridge, to supply

data modulated signals to the output H-bridge, wherein

the drive circuitry comprises:

a plurality of current sources capable of providing data
modulated current signals; and

a plurality of diode-connected transistors, with each
one of the diode-connected transistors being coupled
to a respective one of the plurality of current sources
and to a respective one of the first transistors so as to
be capable of providing a drive voltage to the respec-
tive one transistor responsive to a respective data
modulated current signal; and

a second H-bridge comprising second transistors and a

second output resistor, the second H-bridge being
coupled to the drive circuitry in parallel with the output
H-bridge, the second transistors being coupled to the
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plurality of diode-connected transistors in parallel with
the output H-bridge.

2. The circuit of claim 1 wherein the first and second
transistors comprise MOS transistors.

3. The circuit of claim 2 wherein the first and second
transistors are ratio matched.

4. The circuit of claim 3 wherein the first and second
transistors have a same gate length, and the first transistors
have a gate width of N times a gate width of the second
transistors.

5. The circuit of claim 4 wherein the first output resistor
has a resistance substantially the same as a characteristic
impedance of the transmission medium output, and wherein
the second output resistor has a resistance equal to one-half
a product of the resistance of the first output resistor mul-
tiplied by a ratio of the gate width of the first transistors to
the gate width of the second transistors.

6. The circuit of claim 5§ wherein all the first and second
transistors and the diode-connected transistors comprise
CMOS transistors.

7. The circuit of claim 6 wherein the plurality of current
sources comprises two sets of differential current sources.

8. The circuit of claim 1 wherein both the first and second
transistors comprise N-type and P-type CMOS transistors.

9. The circuit of claim 8 wherein all the first and second
transistors and the diode-connected transistors comprise
MOS transistors.

10. The circuit of claim 1 wherein the plurality of current
sources comprises two sets of differential current sources.

11. A current mode differential active hybrid circuit com-
prising:

an output H-bridge having an output driver, comprising

first transistors, and a first output resistor coupled
across a transmission medium output;

drive circuitry, coupled to the output H-bridge, to supply
data modulated signals to the output H-bridge;

a second H-bridge comprising second transistors and a
second output resistor, the second H-bridge being
coupled to the drive circuitry in parallel with the output
H-bridge; and
wherein:
the first and second transistors comprise ratio-matched
MOS transistors, with the first transistors having a
gate width of N times a gate width of the second
transistors; and

the first output resistor has a resistance substantially the
same as a characteristic impedance of the transmis-
sion medium output, and the second output resistor
has a resistance equal to one-half a product of the
resistance of the first output resistor multiplied by a
ratio of the gate width of the first transistors to the
gate width of the second transistors.

12. The circuit of claim 11 wherein all the first and second
transistors comprise CMOS transistors.

13. A circuit for generating and recovering signals from a
differential transmission line adapted to simultaneously
carry receive signals and transmit signals, the circuit com-
prising:

a current mode differential active hybrid circuit compris-

ing:

an output H-bridge having an output driver, comprising
first transistors, and a first output resistor coupled
across a transmission medium output;

drive circuitry, coupled to the output H-bridge, to
supply data modulated signals to the output
H-bridge; and
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a second H-bridge, comprising second transistors, and
a second output resistor, the second H-bridge being
coupled to the drive circuitry in parallel with the
output H-bridge; and
wherein:
the first and second transistors comprise ratio-
matched MOS transistors, and have the same gate
length, and the first transistors have a gate width
of N times a gate width of the second transistors;
and

the first output resistor has an output resistance
substantially the same as the characteristic imped-
ance of the transmission medium output, and
wherein the second output resistor has a resistance
equal to one-half a product of the resistance of the
first output resistor multiplied by a ratio of the gate
width of the first transistors to the gate width of the
second transistors; and

a differential difference amplifier capable of subtracting
two sets of differential signals and providing therefrom
a single ended output, the differential difference ampli-
fier comprising two inputs coupled to receive a differ-
ential output from the output H-bridge and two inputs
coupled to receive a differential output from the second
H-bridge so as be capable of providing at the single
ended output a receive signal recovered from the trans-
mission line.

14. The circuit of claim 13 wherein the drive circuitry

comprises:

a plurality of current sources capable of providing data
modulated current signals; and

a plurality of diode-connected transistors, with each one
of the diode-connected transistors being coupled to a
respective one of the plurality of current sources and to
a respective one of the first transistors so as to be
capable of providing a drive voltage to the respective
one transistor responsive to a respective data modulated
current signal; and

wherein the second transistors are coupled to the plurality
of diode-connected transistors in parallel with the out-
put H-bridge.

15. The circuit of claim 14 wherein all the first and second
transistors and the diode-connected transistors comprise
CMOS transistors.

16. The circuit of claim 15 wherein the two inputs coupled
to the output H-bridge are coupled on either side of the first
output resistor, and wherein the two inputs coupled to the
second H-bridge are coupled on either side of the second
output resistor.

17. The circuit of claim 16 wherein the plurality of current
sources comprises two sets of differential current sources.

18. A current mode differential active hybrid circuit
comprising:

an output H-bridge having an output driver, comprising
first transistors, and a first output resistor coupled
across a transmission medium output;

drive circuitry, coupled to the output H-bridge, to supply
data modulated signals to the output H-bridge;

a second H-bridge comprising second transistors and a
second output resistor, the second H-bridge being
coupled to the drive circuitry in parallel with the output
H-bridge; and

wherein the first output resistor has a resistance substan-
tially the same as a characteristic impedance of the
transmission medium output, and the second output
resistor has a resistance equal to one-half a product of
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the resistance of the first output resistor multiplied by
a ratio of the gate width of the first transistors to the
gate width of the second transistors.

19. The circuit of claim 18 wherein the first and second
transistors comprise MOS transistors.

20. The circuit of claim 18 wherein the first and second
transistors are ratio matched.

21. The circuit of claim 20 wherein the first transistors
have a gate width of N times a gate width of the second
transistors.

22. The circuit of claim 21 wherein all the first and second
transistors comprise CMOS transistors.

23. A circuit for generating and recovering signals from a
differential transmission line adapted to simultaneously
carry receive signals and transmit signals, the circuit com-
prising:

a current mode differential active hybrid circuit compris-

ing:

an output H-bridge having an output driver, comprising
first transistors, and a first output resistor coupled
across a transmission medium output;

drive circuitry, coupled to the output H-bridge, to
supply data modulated signals to the output
H-bridge; and

a second H-bridge, comprising second transistors, and
a second output resistor, the second H-bridge being
coupled to the drive circuitry in parallel with the
output H-bridge; and

wherein the first output resistor has an output resistance
substantially the same as the characteristic imped-
ance of the transmission medium output, and the
second output resistor has a resistance equal to
one-half a product of the resistance of the first output
resistor multiplied by a ratio of the gate width of the
first transistors to the gate width of the second
transistors; and

a differential difference amplifier capable of subtracting

two sets of differential signals and providing therefrom
a single ended output, the differential difference ampli-
fier comprising two inputs coupled to receive a differ-
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ential output from the output H-bridge and two inputs
coupled to receive a differential output from the second
H-bridge so as be capable of providing at the single
ended output a receive signal recovered from the trans-
mission line.

24. The circuit of claim 23 wherein the first and second
transistors comprise MOS transistors.

25. The circuit of claim 24 wherein the first and second
transistors are ratio matched.

26. The circuit of claim 25 wherein the first and second
transistors have the same gate length, and the first transistors
have a gate width of N times a gate width of the second
transistors.

27. The circuit of claim 26 wherein the drive circuitry
comprises:

a plurality of current sources capable of providing data
modulated current signals; and

a plurality of diode-connected transistors, with each one
of the diode-connected transistors being coupled to a
respective,one of the plurality of current sources and to
a respective one of the first transistors so as to be
capable of providing a drive voltage to the respective
one transistor responsive to a respective data modulated
current signal; and,

wherein the second transistors are coupled to the plurality
of diode-connected transistors in parallel with the out-
put H-bridge.

28. The circuit of claim 27 wherein all the first and second
transistors and the diode-connected transistors comprise
CMOS transistors.

29. The circuit of claim 28 wherein the two inputs coupled
to the output H-bridge are coupled on either side of the first
output resistor, and wherein the two inputs coupled to the
second H-bridge are coupled on either side of the second
output resistor.

30. The circuit of claim 29 wherein the plurality of current
sources comprises two sets of differential current sources.
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