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[57] ABSTRACT

A crosspoint for a switching matnix constituted by enhanced
P-channel and N-channel MOS transistors. Each input line
conductor {Inl and [:2) is connected to an input of a first
differential amplifier (M3, M4), each leg of which is asso-
ciated by a current mirror circuit to a first current source
(M9, M10, M11) enabled by a selection input (Sij) of the
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1
SWITCHING MATRIX CROSSPOINT

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

BACKGROUND OF THE INVENTION

The present invention relates to a switching matrix and
more particularly to a broadband digital switching matrix
liable to operate at very high frequencies, higher than 100

megabits per second, usable for example for switching
digital TV channels.

A switching matrix i1s a circuit having n input channels
and m output channels and permitting to independently
apply on any of the m output channels any of the n input
channels (or its complement). Each input channel can be
“connected to a chosen number of outputs. However, an
output channel can only be connected to one input channel.

For realizing such a switching matrix, one tries to reach
the following objeciives:

high operation frequency or low propagation time accord-
ing to the application (asynchronous or synchronous
system),

low current consumption,
crosstalk ratio,

small size of the circuit when integrated in a silicon wafer.

In the prior art, to obtain the above mentioned very high
operation frequencies, a bipolar technology, for example of
the ECL type, which permits reaching such frequencies, 1s
first envisaged. However, with such a technology, the circuit
surface is unavoidably [important] significant as well as its
current consumption.

Thus, Jone] the inventor has devised various means for
realizing such circuits by using a CMOS technology, that is,
a technology comprising N-channel and P-channel MOS
transistors: [indeed, one knows) indeed, it is known a priori
that such a technology is liable to reduce current consump-
tion and the surface of the circuit. However, the present
crosspoint realizations using CMOS transistors exhibitf, on
the one hand, the drawback of a lack of rapidity, and, on the
other hand, the drawback of being incompatible as regards
their control voltage with the adjacent circuits for processing
high frequency signals, which generally use ECL technol-
0gy.

For controlling MOS transistors, 1t 18 generally necessary
that the difference between [thigh} the high level and low
level 1s several voits while control levels in ECL technology
vary only a few hundred millivolts. Thus, to solve this
compatibility problem, it has been necessary to provide
circuits for converting the ECL control levels into CMOS
control levels and CMOS control levels into ECL control
levels. The ECL circuits exhibit the drawback, on the one
hand, of requiring a large surface and therefore cancelling
part of the advantages expected from CMOS technology
and, on the other hand, of adding an important propagation
time to the signals, which 1s particularly 1mpairing when
using signal transmission in the synchronous mode.

Moreover, using logic levels having a large difference for
controlling MOS transistors causes switching times to be
unavoidably long since it 1s necessary to charge the input
capacitors of those MOS transistors and the charging time
(dt) is directly proportional to the voltage difference (dV)
between high and low levels (dT=CdV/i) for capacitive
charges constituted by the gates of the MOS transistors.
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An [exemplar] exemplary embodiment of an MOS tran-
sistor crosspoint is given in the article by Hyun J. Shin and
David A. Hodges 1ssued in IEEE Journal of Solhid State
Circuits, vol. 24, No. 2, Apr. 1988, entitled “A 250-Mbit/s
CMOS Crosspoint Switch”. In this article, a few problems
associated with the use of MOS transistors are solved as
regards the output dispersion of the control signals. By using
a specific output amplifier represented in FIG. 7, page 482,
of this article, the output voltage dispersion 1s limited and 1s
compatible with ECL technology. However, the problem
concerning the input control of [ht] the MOS transistors is
not solved and, as shown in FIG. 8 of this article, one uses
for each matrix line an input buffer permitting conversion of
ECL logic signals into CMOS logic signals.

An object of the invention 1s to provide for a switching
matrix crosspoint permitting complete [insertion] resolution

of the above problems of ECL/CMOS compatibility and of
operation rate.

BRIEF SUMMARY OF THE INVENTION

To achieve this object and others, the invention provides
for a switching matrix crosspoint having n input lines (rows)
and m output lines (columns), each line comprising a
differential pair of conductors, this crosspoint being consti-
tuted by P-channel and N-channel enhanced MOS transis-
tors. In this crosspoint:

each input line conductor 1s connected to an input of a first
differential amplifier, each leg of which 1s associated

through a current mirror circuit to a first current source
enabled by a selection input of the crosspoint,

the outputs of the differential amplifier are connected to a
second differential amplifier fed by a second current
source common to all crosspoints of a same column,
and

the outputs of the differential pair are connected to the pair
of conductors of an output column, an extremity of this
column being connected to the high voltage source
through a resistor.

According to an embodiment of the invention, means are
provided for setting the voltage at the differential amplifier
output when the memory point is not selected.

According to an embodiment of the invention, the differ-
ential amplifier comprises, in parallel, two legs constituted
by a first P-channel transistor and a first N-channel transistor
and by a second P-channel transistor and second N-channel
transistor, respectively, the drains of the P-channel transis-
tors being connected to a high supply source and the sources
of the first and second N-channel transistors being connected
to a low supply terminal through a third N-channel MOS
transistor, said current source comprising between the high
supply source and the low supply source a series circuit
comprising a third P-channel transistor, the drain of which is
connected to the gate, a fourth N-channel transistor, the gate
of which receives the crosspoint selection signal, and a fifth
N-channe! transistor, the drain of which 1s connected to the
gate; the current mirror circuit being formed by intercon-
necting the gates of the first, second and third P-channel
transistors and by interconnecting the gates of the third and
fifth N-channel transistors; the gates of the first and second
N-channel transistors being respectively connected to each
of the input channel conductors and the drains of those
transistors being respectively connected to the control gates
of the differential pair.

According to an embodiment of the invention, the means
for setting the voltage comprise a sixth N-channel transistor
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parallel connected to the third N-channel transistor and
receiving the reverse selection signal.

According to an embodiment of the.invention, each
column comprises, in series with each resistor, a bipolar
transistor, the collector of which is connected to the resistor,
the emitter is connected to the column and the base is

connected to the high supply source, the column being
connected to a third current source.

BRIEF DISCLOSURE OF THE DRAWINGS

The foregoing and other objects, features and advantages
of the invention will be apparent from the following detailed
description of preferred embodiments as illustrated in the
accompanying drawings wherein:

FIG. 1 is a general and schematic representation of a
switching matrix;

FIG. 2 shows the basic element of a CMOS crosspoint
according to the prior art;

FIG. 3 shows a crosspoint according to the invention: and
F1G. 4 illustrates a variant of an aspect of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

As shown in FIG. 1, switching matrix is designed to
establish connections between input linesI1...1i.. . In and
selected output line connections O1 . . . Oj ... Om, the
connections being determined by selection signals Sij con-
trolling the switches arranged at the crosspoints of each line
and each column (the selection signals are generally gener-
ated by a memory). Here, the specific case of a column to be
connected to one row only (but where a given row can be
connected to several columns) will be considered.

A conventional embodiment of a crosspoint realized
according to CMOS technology is illustrated in FIG. 2 and
corresponds for example to a portion of the crosspoint
described in the above-mentioned article. In FIG. 2, are
shown a portion of a row Ii and a portion of a column 0.
Between a high voltage source Vdd and a low voltage source
Vss are connected in series four enhanced MOS transistors,
namely: two P-channel MOS transistors 11 and 12 and two
N-channel MOS transistors 13 and 14, successively. The
gates of MOS transistors 11 and 14 are connected to row Ii.
The gate of the N-channel MOS transistor 13 is connected
to the selection signal Sij and the gate of the P-channel MOS
transistor 12 is connected to the complement Sij* of selec-
tion signal Sij. Thus, if Sij is at a low level, transistors 12 and
13 are blocked and the connection point is inhibited. If Sij
is set to 1, transistors 12 and 13 are conductive and the
complement of signal Ii (Vdd if Ii is at a low level and Vss
if 1i 1s at a high level) appears on line Oj.

The drawbacks of such a circuit are mentioned above. It
will be noted that the improvement brought by the above
document to this circuit consists in adding behind line Oj an
amplification and amplitude limitation circuit for signals on
this line.

FI1G. 3 schematically illustrates an embodiment of a
circuit according to the invention. An input channel Ii is
realized in the form of two differential conductors Iil and Ii2
and an output channel is constituted by a pair of differential
conductors Ojl and Oj2. The columns, that is, conductors
Oj1 and Oj2, are connected to the high voltage source Vdd
through resistors R. Thus, if a current I is extracted from one
of conductors Ojl1 and Oj2, the voltage on this conductor
drops to a value Vdd—RI, while the other conductor is at a

10

15

20

25

30

35

40

45

50

35

60

65

4

voltage Vdd. By properly choosing the values of R and [, it
will then be possible to obtain on those lines ECL compat-
ible levels.

The crosspoint comprises an output stage constituted by a
differential amplifier, M1 and M2. The drains of those
transistors are connected to each column Ojl1 and Oj2 and
the sources of those transistors are interconnected to an
additional column connected to the low voltage supply Vss
through a current source I. Thus, depending on whether
transistor M1 or M2 is conductive, line Oj1 and Oj2 will be
at a low logic level. It will be noted that the current source
I 1s common to all crosspoints of a same column, as well as
resistors R.

The gates of transistors M1 and M2 of the output amplifier
are driven by a differential stage comprising N-channel
MOS transistors, M3 and M4, the sources of which are
interconnected and the gates are respectively connected to
conductors Iil and Ii2 of the input channel Ii. The drains of
transistors M3 and M4 are connected to the high voltage
source Vdd through P-channel MOS transistors, M5 and
M6, and the common source of transistors M3 and M4 is
connecied to the low supply source Vss through an N-chan-
nel MOS transistor, M7, arranged in parallel with an
N-channel MOS transistor, M8, the gate of which receives

the complement Sij* of the selection signal of this cross-
point.

The crosspoint also comprises, between the low supply
source Vss and the high supply source Vdd, an N-channel
MOS transistor, M9, an N-channel MOS transistor, M10,
and a P-channel MOS transistor, M11. The gate of transistor
MD is connected to its drain and the gate of transistor M11
18 connected to its drain. The gate of transistor M10 receives
the selection signal Sij. Thus, when crosspoint ij is selected,
that is, when signal Sij is at 1, the whole set of transistors
M9, M10 and M11 constitutes a constant current source,
practically independent of the dispersions of characteristics
resulting from the N-channel and P-channel manufacturing
process.

Transistors MS and M6 have their gate connected to the
gate of transistor M11 and transistor M7 has [tis] its gate
connected to the gate of transistor M9. Thus, transistors M5
and M6 form with transistor M11 a current mirror, and
similarly transistor M7 with transistor MO.

This crosspoint operates as follows.

When signal Sij is at a high level, that is, when the
crosspoint is selected, transistor M10 is conductive and
[transistor] input signal M8 is blocked. The transistor Iil or
112 with the highest level determines [if] whether transistor
M3 or M4 is more conductive, and therefore a current equal
to that determined by the current source M9-M10-11 will
flow through the leg M5-M3-M7 or through the leg M6-M4-
M7, the other leg being blocked. As a result, transistor M1
or M2 of the output stage will be rendered conductive;
therefore, column output conductor Oj1 or Oj2 will change
1ts state. It will be noted that, except for selection signals, all
the other signals cause the crosspoint to operate if they
exhibit a level difference of about only a few hundred

millivolts, which is compatible with the levels necessary for
an ECL circuit to operate.

However, if signal Sij is at a low level for inhibiting [ht]
the crosspoint, there is no current flowing through supply
source M9-M10-M11, transistors M5, M6 and M7 are
blocked and transistor M8 becomes conductive, setting to
low voltage (Vss) the sources of transistors M3 and M4 as
well as their drains since those transistors remain substan-
tially conductive. As a result, transistors M1 and M2 are
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blocked and no current 1s extracted from the output conduc-
tors Oj1 and Oj2 by the supply source I.

It will be noted that one of the advantages of the invention
15 that the load of the input signals 1s independent of the state
(selected or not) of the switches. Therefore, changing the
selection on the output channel does not impair the other
channels. Hence, the signal propagation time is substantially

constant and crosstalk phenomena associated with current
fluctuations are avoided.

Of course, the invention [si] is liable of numerous variants
which will appear to those skilled in the art.

FIG. 4 1llustrates an exemplary variant wherein have been
added on output columns Oj NPN-type bipolar transistors Q,
the collector of which is connected to resistors R and the
emitter 18 connected to the respective column Ojl, Oj2.
Those emitters are also connected to current sources i. This
permits to maintain at a constant voltage the drains of
transistors M1 and M2. In that case, the column output is
taken on the collectors of transistors Q. Owing to the fact the
voltages are constant on the drains of transistors M1 and M2,
and also on their sources, the capacitances on lines Ojl and
0Oj2 have practically no effect on the circuit operation rate.

I claim:

1. A crosspoint for a switching matrix having n input lines
[(rows)] and m output lines [(columns)}, each line compris-
ing a pair of conductors, said crosspoint comprising
[enhanced} P-channel and N-channel MOS transistors,
wherein:

each input line conductor [(Iil1 and Ii2)] is connected to an
input of a first differential amplifier [(M3, M4)], each
leg of which is associated by a current mirror circuit to
a first current source [(M9, M10, M11)] enabled by a
selection input [(Sij)] of said crosspoint.

the outputs of the first differential amplifier are connected
to a second differential amplifier [(M1, M2)] fed by a
second current source [(I)] common to all the cross-
poinis of a selected output line, and

the outputs of the second differential amplifier are con-
nected to said selected output line, an extremity of
which is connected to a high voltage source [(Vdd)]
through a [resistor (R)] load element.

2. A crosspoint according to claim 1, further comprising
means [(M8, Sij)] for setting the voltage at the output of said
first differential amplifier when said crosspoint is not
selected.

3. A crosspoint according to claim 2, wherein said means
for setting the voltage comprises a fourth N-channel tran-
sistor [(M8)] connected in parallel to the third N-channel
transistor [(M7)]} for receiving the reverse selection signal
[(Sij*)]

4. A crosspoint according to claim 1, wherein each of said
columns comprises, in series with a resistor [(R)], a bipolar
transistor [(Q)], the collector of which is connected to said
resistor, the emitter of which is connected to one of said pair
of conductors of said column, and the base of which is
connected to a high voltage supply source.

5. A crosspoint according to claim 1, wherein said first
differential amplifier comprises, in parallel, two legs respec-
tively comprising a first P-channel transistor.[(M5)} and a
first N-channel transistor [(M3)], and a second P-channel
transistor [(M6)] and a second N-channe! transistor {(M4)],
the drains of said P-channel transistors being connected to
said high voltage source and the sources of said N-channel
transistors being connected to a low voltage supply terminal
[(Vss)] through a third N-channel transistor [(M7)].

6. A crosspoint according to claim 5, herein said means for
setting the voltage comprises a fifth N-channel transistor
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[(M8)] connected in parallel to said third N-channel tran-
sistor and receiving the reverse selection signal [(Sij*)].

7. A crosspoint according to claim 5, wherein said first
current source comprises a third P-channel transistor
[(M11)], the drain of which is connected to the gate thereof,
a sixth N-channel transistor [(M10)], the gate of which
receives a selection signal [(Sij)] of said crosspoint, and a
seventh N-channel transistor [(M9)], the drain of which is
connected to the gate thereof, said current mirror circuit
being implemented by the gate interconnection of said first,
second and third N-channel transistors, the gates of said first
and second N-channel transistors being connected respec-
tively to each input conductor and the gates of said first and
second N-channel transistors being connected respectively
to the control gates of said second differential amplifier.

8. A swiiching malrix crosspoint circuit, comprising:

a plurality of differential input signal connections,
a plurality of differential output signal connections, and

a plurality of selectable switch elements each having a
differential input operatively connected to a particular
respective one of said differential input signal connec-
tions and having a differential output operatively con-
nected to a particular respective one of said output
signal connections;

individual ones of said switch elements each being con-

nected to receive a respective selection signal, and

comprising

at least one pair of field-effect input transistors having
respective gates connected to receive respective por-
tions of said input signal,

current-generation circuitry connected to pass a sub-
stantially constant current through said input tran-
sistors when said selection signal is active, and

disabling circuitry connected to bias said input tran-
sistors so that said input transistors effectively hold
both sides of said differential output off, when said
selection signal is inactive.

9. The circuit of claim 8, wherein each said differential
output signal connection is connected to a positive supply
voltage through a pair of load elements.

10. The circuit of claim &8, wherein said input transistors
are N-channel field-effect transistors, and said disabling
circuitry is connected to selectively pull down the sources of
said input transistors, and said input transistors have drains
thereof connected to drive gates of an additional pair of
N-channel field-effect transistors, and said additional pair of
N-channel field-effect transistors are operatively connected
to drive said differential output signal connections.

11. The circuit of claim 8, wherein said input transistors
are N-channel field-effect transistors.

12. The circuit of claim 8, wherein said current-genera-
tion circuitry includes at least two current mirrors.

13. A switching matrix crosspoint circuit, comprising:

a plurality of differential input signal connections,
a plurality of differential output signal connections,

a plurality of switch elements each having a differential
input operatively connected to a particular respective
one of said differential input signal connections, and
each having a differential output operatively connected
to a particular respective one of said output signal
connections, and each being connected to receive a
respective selection signal, and each comprising
at least one pair of field-effect input transistors having
respective gates connected to receive respective por-
tions of said input signal,

an additional pair of transistors connected to be driven
by said pair of input transistors,



Re. 35,483

7

disabling circuitry connected to bias said input tran-
sistors so that said additional transistors are turned
off, whenever said selection signal is inactive;

wherein multiple ones of said additional pairs of tran-
sistors each have first current-carrying terminals
thereof differentially connected to a common one of
said differential outputs, and have second current-
carrying terminals thereof connected in common to
a single shared current sink.

14. The circuit of claim 13, wherein each said differential
output signal connection is connected to a positive supply
voltage through a pair of load elements.

15. The circuit of claim 13, wherein said input and
additional transistors are all N-channel field-effect transis-
tors.

16. The circuit of claim 13, wherein said input transistors
are N-channel field-effect transistors, and said disabling
circuitry is connected to selectively pull down the sources of
said input transistors.

17. A switching matrix crosspoint circuit, comprising:

a plurality of differential input signal connections,
a plurality of differential output signal connections, and

a plurality of selectable switch elements each having a
differential input operatively connected to a particular
respective one of said differential input signal connec-
tions and having a differential output operatively con-
nected to a particular respective one of said output
signal connections;

each said switch element comprising at least two differ-
ential amplifier stages cascaded together:
18. The circuit of claim 17, further comprising a respec-
tive complementary pair of control lines connected to oper-
ate each of said switch elements.
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19. The circuit of claim 17, wherein each said differential
output signal connection is connected to a positive supply
voltage through a pair of load elements.

20. The circuit of claim 17, wherein each said differential

amplifier stage includes a balanced pair of N-channel
Jield-effect transistors having gates connected to receive

Inputs.
21. A switching matrix crosspoint circuit, comprising:
a plurality of differential input signal connections,
a plurality of output signal connections, and

a plurality of selectable switch elements each having a
differential input connected to a particular respective
one of said differential input signal connections and
having an output connected to a particular respective
one of said output signal connections;

each said switch element comprising at least one ampli-
fier and also at least one level shifter circuit portion.

22. The circuit of claim 21, further comprising a respec-
tive complementary pair of control lines connected to oper-
ate each of said switch elements. |

23. The circuit of claim 21, wherein said amplifier and
said level shifter portion both include N-channel field-effect
transistors.

24. The circuit of claim 21, wherein each said output
signal connection is a differential connection.

25. The circuit of claim 21, wherein each said output
signal connection is connected 1o a positive supply voltage
through a load element.
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