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(7) ABSTRACT

An apparatus for handling high speed data communication
signals in at least one input channel. Each communication
signal is encoded in signal excursions in at least one pre-
determined format. The apparatus includes: (a) at least one
input locus coupled with each input channel for receiving
the signals; (b) at least one output locus for presenting
selected communication signals in a desired format in at
least one output channel; and (c) a plurality of treating
circuits for treating the signal excursions in a plurality of
formats that include the predetermined format and the
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one respective input locus and at least one respective output
Publication Classification locus. The apparatus presents sufficiently low capacitance
between input loci and output loci to impart substantially
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APPARATUS FOR HANDLING HIGH SPEED DATA
COMMUNICATION SIGNALS AND METHOD FOR
MANUFACTURE THEREOF

BACKGROUND OF THE INVENTION

[0001] The present invention is related to data communi-
cation signal handling apparatuses. In particular, the pre-
ferred embodiment of the present invention is manifested in
a non-delaying input circuit arrangement for a high speed
data communication signal repeater apparatus. The input
circuit is configured to receive information-conveying com-
munication signals encoded according to at least one pre-
determined signal format, and to repeat the encoded infor-
mation in an output signal encoded according to a desired
format at an output locus. Preferably the desired format is
one of the at least one predetermined formats. The apparatus
is configured to present sufficiently low resistance-capaci-
tance combination between its input loci and its output loci
to impart substantially zero time delay to communication
signals that are handled.

[0002] In today’s data transmission systems there are
several high speed, low voltage transmission standards, or
formats, that may be employed for conveying signals. Stan-
dards are agreed upon protocols or formats that are estab-
lished to provide uniformity in dealing with common situ-
ations. In the case of data communications, for example,
establishing standards for handling data signals assures that
equipment built by various manufacturers will be capable of
implementing the agreed upon standard and assures that the
various equipment will work compatibly with each other.

[0003] Market forces urge manufacturers toward produc-
ing smaller, less complex apparatuses so that products using
those apparatuses may be more compact and more reliable.
Further, if an apparatus can handle more than one standard,
for example, with little or no additional change or rework
required, there is a beneficial reduced complexity of stock-
ing and resupply of spare or replacement parts for products
that use such a multicapable apparatus.

[0004] Data transmission systems require repeater appa-
ratuses at intervals within their distribution networks.
Repeaters receive data signals, assure their integrity in terms
of timing, periodicity, amplitude and other parameters, and
then forward the “reworked” signal onward within the
network to a destination or to another repeater. Currently
many data transmission systems are beginning to move
away from the older Emitter Controlled Logic (ECL) and
Positive Emitter Controlled Logic (PECL) standards or
formats toward wider employment of more rigorous stan-
dards, such as Low Voltage Differential Signaling (LVDS)
and Low Voltage Positive Emitter Controlled Logic
(LVPECL). In many data transmission systems there is a
need for a repeater that is capable of handling high speed
differential signaling configured and transmitted according
to either the LVDS format or the LVPECL format.

[0005] 1t is desirable that the common mode range of a
differential signal be as wide a signal range as possible in
order to allow for longer data transmission lengths and
greater ground offsets between a driver and a receiver. Such
a design provides increased reliability and signal integrity.
Generally, a rail to rail input common mode level is desired.
Further additional requirements include low input leakage to
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conform to data transmission standards such as LVDS, and
high sensitivity to small differential input signals while
operating at high speeds.

[0006] Prior art data signaling repeaters are available that
meet one or some of such design needs, but no prior art
designs fulfill all of these design needs.

[0007] There is a need for an apparatus for handling high
speed data communication signals that has a rail to rail
common mode input range, high input sensitivity, low input
leakage and high speed operation. The present invention
provides such a data signal handling apparatus that fulfills
the above needs principally by establishing a simple con-
struction that presents sufficiently low resistance-capaci-
tance combination to impart substantially zero time delay to
the communication signals being handled.

SUMMARY OF THE INVENTION

[0008] An apparatus for handling high speed data com-
munication signals in at least one input channel. Each
communication signal is encoded in signal excursions in at
least one predetermined format. The apparatus includes: (a)
at least one input locus coupled with each input channel for
receiving the signals; (b) at least one output locus for
presenting selected communication signals in a desired
format in at least one output channel; and (c) a plurality of
treating circuits for treating the signal excursions in a
plurality of formats that include the predetermined format
and the desired format. Each treating circuit is coupled with
at least one respective input locus and at least one respective
output locus. The apparatus presents sufficiently low resis-
tance-capacitance between input loci and output loci to
impart substantially zero time delay to the communication
signals.

[0009] 1t is therefore an object of the present invention to
provide an apparatus for handling high speed data commu-
nication signals that has a rail to rail common mode input
range, high input sensitivity, low input leakage and high
speed operation.

[0010] 1t is a further object of the present invention to
provide an apparatus for handling high speed data commu-
nication signals that presents sufficiently low capacitance to
impart substantially zero time delay to the communication
signals being handled.

[0011] Further objects and features of the present inven-
tion will be apparent from the following specification and
claims when considered in connection with the accompa-
nying drawings, in which like elements are labeled using
like reference numerals in the various figures, illustrating the
preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic graphic representation illus-
trating overlapping signaling formats.

[0013] FIG. 2 is a schematic block diagram of a prior art
apparatus for communication signal repeating operations
that accommodates a single input signal format.

[0014] FIG. 3 is a schematic block diagram of a prior art
apparatus for communication signal repeating operations
that accommodates two input signal formats.
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[0015] FIG. 4 is a schematic block diagram of an appa-
ratus for communication signal repeating operations that
accommodates two input signal formats that is constructed
according to the teachings of the present invention.

[0016] FIG. 5 is an electrical schematic diagram illustrat-
ing the preferred embodiment of the apparatus of the present
invention.

[0017] FIG. 6 is a flow diagram illustrating the preferred
embodiment of the method of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0018] FIG. 1 is a schematic graphic representation illus-
trating overlapping signaling formats. In FIG. 1, a graphic
plot 10 indicates input common mode voltage in volts on an
axis 12 as a function of time on an axis 14. A first standard
(or format, or protocol) is encoded by variances from an
input common mode voltage that ranges from a minimum
value 16 substantially at ground (zero volts) to a maximum
value 18 substantially at 2.4 volts. These minimum-maxi-
mum values are representative of the LVDS (Low Voltage
Differential Signaling) standard. A second standard (or for-
mat, or protocol) is encoded by variances from an input
common mode voltage that ranges from a minimum value
20 substantially at 2.0 volts to a maximum value 22 sub-
stantially at 4.0 volts. These minimum-maximum values are
representative of the LVPECL (Low Voltage Positive Emit-
ter Controlled Logic) standard. Thus, the two signaling
formats illustrated in FIG. 1 overlap in their operating
ranges with maximum operating value 18 for one format
(LVDS) being higher than the minimum 20 operating value
for the other format (LVPECL). An apparatus that can accept
input common mode voltages in a range including minimum
value 14 and maximum value 22 is said to have a rail to rail
common mode input range for the formats involved. In this
simple example the rail to rail capability relates to opera-
tions involving signals transmitted according to LVDS and
LVPECL formats.

[0019] The conventional prior art approach to providing
an apparatus that can accommodate rail to rail inputs for two
formats in a situation such as illustrated in FIG. 1 is to use
complementary devices and control circuitry to regulate the
current flowing into each differential pair in order to give a
generally constant gain over the common mode range. The
problem with such a design approach is that rail to rail range
is achieved at the expense of a significant variation of
quiescent current across the common mode range when a
MOS (Metal Oxide Semiconductor) input device is
employed. Such variation of quiescent current adds power
and complexity to a circuit, especially when very high
impedance is required for low leakage currents.

[0020] FIG. 2 is a schematic block diagram of a prior art
apparatus for communication signal repeating operations
that accommodates a single input signal format. In FIG. 2,
a repeater apparatus 20 receives differential signals AIN,
BIN at input loci 22, 24. Attenuating circuits 26, 28 receive
differential signals AIN, BIN from input loci 22, 24 via lines
30, 32. Attenuating circuits 26, 28 are configured to provide
signals via lines 34, 36 to a timing circuit 40. That is, timing
circuit 40 requires that certain operating parameters be
satisfied in order that timing circuit 40 may operate properly.
Such operating parameters are principally voltage ranges,
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and may include other signal attributes consistent with a
predetermined signal format (or protocol, or standard).
Thus, signals provided to timing circuit 40 via lines 34, 36
are substantially true representations of differential signals
AIN, BIN in so far as timing aspects of variations of those
signals are concerned. The amplitudes of the variations of
signals provided to timing circuit 40 via lines 34, 36 are not
necessarily compliant with whatever format is employed in
the system (e.g., LVDS or LPECL; not shown in FIG. 2) in
which repeater apparatus 20 is employed. Instead, signals
provided to timing circuit 40 are configured for acceptance
and treatment by timing circuit 40.

[0021] Timing circuit 40 includes a substantially identical
pair of transistors 42, 44 coupled between a common voltage
source 46 and a common ground 48. Transistor 42 is
preferably an NPN bipolar junction transistor having a base
50, an emitter 52 and a collector 55. Transistor 44 is
preferably an NPN bipolar junction transistor having a base
56, an emitter 58 and a collector 60. Line 34 is coupled with
base 50 of transistor 42; line 36 is coupled with base 56 of
transistor 44. In such a configuration signals lines 34, 36
effect gating of transistors 42, 44 to gatingly control comple-
tion of an electrical circuit between common voltage source
46 and common ground 48 through transistors 42, 44.
Preferably, differential signals Ay, B vary substantially
simultaneously so that transistors 42, 44 operate substan-
tially together in exercising gating control for connecting
common voltage source 46 with common ground 48.

[0022] A level setting circuit 62 treats signals passing
between common voltage source 46 and common ground 48
through transistors 42, 44. Level setting circuit 62 includes
an impedance 64 coupled in series between common voltage
source 46 and transistor 42, and an impedance 66 coupled in
series between common voltage source 46 and transistor 44.
Values for impedances 64, 66 are substantially equal and are
preferably selected to present output signals Ay, Bour at
output loci 68, 69 appropriately configured to conform to the
format employed in the system (e.g., LVDS or LVPECL; not
shown in FIG. 2) in which repeater apparatus 20 is
employed. In such manner output signals Agyr, Bour are
properly timed and properly otherwise formatted in terms of
amplitudes and other signal characteristics to faithfully
represent differential signals Ay, By

[0023] FIG. 3 is a schematic block diagram of a prior art
apparatus for communication signal repeating operations
that accommodates two input signal formats. In FIG. 3, a
repeater apparatus 300 receives differential signals Ay, By
at input loci 302, 304. Attenuating circuits 306, 308 receive
differential signal Ap; from input locus 302. Attenuating
circuits 310, 312 receive differential signal By from input
locus 304. Attenuating circuits 306, 310 are configured for
accommodating and attenuating signals in a first format (or
standard, or protocol) for providing signals via lines 334,
336 to a timing circuit 340. Attenuating circuits 308, 312 are
configured for accommodating and attenuating signals in a
second format (or standard, or protocol) for providing sig-
nals via lines 335, 337 to timing circuit 340. Timing circuit
340 requires that certain operating parameters be satisfied in
order that timing circuit 340 may operate properly. Such
certain operating parameters are principally voltage ranges,
and may include other signal attributes consistent with a
predetermined signal format (or protocol or standard). Thus,
signals provided to timing circuit 340 via lines 334, 335,
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336, 337 are substantially true representations of differential
signals A, By 10 so far as timing aspects of variations of
those signals are concerned. The amplitudes of the variations
of signals provided to timing circuit 340 via lines 334, 335,
336, 337 are not necessarily compliant with whatever format
is employed in the system (e.g., LVDS or LPECL; not shown
in FIG. 3) in which repeater apparatus 300 is employed.
Instead, signals provided to timing circuit 340 are config-
ured for acceptance and treatment by timing circuit 340.

[0024] By providing a common input locus 302 for pro-
viding input signal Ay to attenuating circuits 306, 308
repeater apparatus 300 ensures that a properly representative
and configured signal is provided to timing circuit 340
whether input signal Aqy is transmitted in a first format
(handled by attenuating circuit 306 and delivered to timing
circuit 340 via line 334) or in a second format (handled by
attenuating circuit 308 and delivered to timing circuit 340
via line 335). Similarly, by providing a common input locus
304 for providing input signal By to attenuating circuits
310, 312 repeater apparatus 300 ensures that a properly
representative and configured signal is provided to timing
circuit 340 whether input signal B, is transmitted in a first
format (handled by attenuating circuit 310 and delivered to
timing circuit 340 via line 336) or in a second format
(handled by attenuating circuit 312 and delivered to timing
circuit 340 via line 337).

[0025] Timing circuit 340 includes a substantially identi-
cal pair of time-switch circuits 342, 344 for effecting timed
switching of signals. Time-switch circuits 342, 344 are
coupled between attenuating circuits 306, 308, 310, 312 and
a level setting circuit 362 via lines 350, 352. Timing circuit
340 and level setting circuit 362 may be configured and
operate substantially as described in connection with timing
circuit 40 and level setting circuit 62 (FIG. 2).

[0026] Tevel setting circuit 362 treats signals from timing
circuit 340 to present output signals Aqyr, Bour at output
loci 368, 369 appropriately configured to conform to the
format employed in the system (e.g., LVDS or LPECL,; not
shown in FIG. 3) in which repeater apparatus 300 is
employed. In such manner output signals Ay, Boyr are
properly timed and properly otherwise formatted in terms of
amplitudes and other signal characteristics to faithfully
represent differential signals Ay, B, regardless of whether
input signals Ap, By are transmitted in a first format or a
second format.

[0027] FIG. 3 illustrates the conventional prior art
approach to providing a data communication repeater appa-
ratus capable of handling multiple formats in a system. As
mentioned earlier, the desire for providing a multiple format
handling capability is driven substantially by market forces
leaning toward producing smaller, less complex apparatuses
so that products using those apparatuses may be more
compact and more reliable. Further, if an apparatus can
handle more than one standard, for example, with little or no
additional change or rework required, there is a reduced
complexity of stocking and resupply of spare or replacement
parts for products that use such a multicapable apparatus.

[0028] The conventional approach to implementing rail to
trail common mode input range in a repeater apparatus (as
exemplified in repeater apparatus 300; FIG. 3) is to use
complementary devices (e.g., transistors 42, 44. FIG. 2) and
controlled circuitry (e.g., attenuating circuits 306, 308, 310,
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312; FIG. 3) to regulate current flowing into each differen-
tial pair in order to give a substantially consistent perfor-
mance over the desired common mode range. However,
while such a configuration succeeds in providing a rail to rail
input range, it has a significant variation of quiescent current
across the common mode range when MOS (Metal Oxide
Semiconductor) input devices are used. Some of the signal
standards, or formats (e.g., LVDS—Low Voltage Differen-
tial Signaling), employ signal ranges that are better handled
by MOS devices than by complementary devices (such as
NPN transistors). Other signal standards (e.g., LVPECL—
Low Voltage Positive Emitter Controlled Logic) are better
handled by complementary devices than by MOS devices.
Variations in quiescent current add another limitation in
terms of power and complexity of attenuation circuits 306,
308, 310, 312 when very high input impedance is required
for low leakage currents.

[0029] Many prior art implementations of repeater cir-
cuitry are single ended implementations using unbalanced
signal paths. Repeater apparatus 300 (FIG. 3) is an example
of such a device in that signal paths 334, 335 are not
balanced signal paths; and signal paths 336, 337 are not
balanced signal paths. Such prior art repeater designs are not
suited for high speed LVDS/LVPECL applications because
LVDS/LVPECL require low pulse skew and low jitter in
signal handling performance. In high speed LVDS/LVPECL
repeater designs, symmetry of signaling is especially impor-
tant. Constant gain across the operating range is less impor-
tant than the need for symmetry. What is generally desired
for a repeater apparatus, especially a repeater apparatus for
use in LVDS/LVPECL signaling operations, is a certain
amount of gain that allows the outputs from the repeater
apparatus to be appropriately switched to conform with the
required signaling protocols.

[0030] Too much capacitance or too much resistance in
attenuator circuitry introduces RC time constant effects that
can introduce significant time delays in signal handling and
forwarding. Such delays are inconsistent with achieving
high speeds and balanced signal paths in data communica-
tion signal handling. Prior art attenuator circuits (e.g. attenu-
ator circuits 306, 308, 310, 312; FIG. 3) used for configuring
signals of various formats for input compatibility with
timing circuitry (e.g., timing circuit 340; FIG. 3) commonly
introduced resistance, or capacitance, or both resistance and
capacitance in effecting the required signal conversions
appropriate to achieve necessary compatibility. Such high
resistance, high capacitance designs for use in repeater
apparatuses to accommodate multiple signaling standards at
a common input may work acceptably for some systems.
However, such design approaches are not suitable for high
speed signaling operations. While such attenuating circuits
may succeed in establishing an appropriate common mode
input range for the repeater to accommodate the desired
multiple signaling protocols, or formats, the differential
component of the signaling is often degraded, thereby reduc-
ing the input sensitivity of the apparatus. Further, if low
input leakages are required, the resistances employed in an
attenuator circuit can become quite large. Such large resis-
tances typically require large die area in a circuit, which is
a detriment to compact circuitry.

[0031] Thus, there is a clear indication of need for an
extended common mode input receiver circuit with very
high impedance and high differential sensitivity that is
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suitable for high speed repeater applications, especially for
high speed LVDS/LVPECL repeater applications.

[0032] FIG. 4 is a schematic block diagram of an appa-
ratus for communication signal repeating operations that
accommodates two input signal formats that is constructed
according to the teachings of the present invention. In FIG.
4, a repeater apparatus 400 receives differential signals Ay,
B at input loci 402, 404. Input loci 402, 404 are coupled
with a timing circuit 440 with no intervening signal adjust-
ing or attenuating circuitry. Timing circuit 440 includes a
pair of parallel coupled time-switch units 442, 444. Time-
switch unit 442 is configured to accommodate and handle
signals conveyed in a first format (or standard, or protocol).
Time-switch unit 444 is configured to accommodate and
handle signals conveyed in a second format (or standard, or
protocol). Thus, for example, time-switch unit 442 may be
configured for handling signals conveyed according to the
LVDS standard or format, and time-switch unit 444 may be
configured for handling signals conveyed according to the
LVPECL standard or format. Line 410 from input locus 402
is coupled with lines 412, 414 to deliver differential signal
A to timing circuit 440. Line 412 delivers differential
signal Ay to time-switch unit 442; line 414 delivers differ-
ential signal Ay to time-switch unit 444. Line 420 from
input locus 404 is coupled with lines 422, 424 to deliver
differential signal By to timing circuit 440. Line 422 deliv-
ers differential signal By to time-switch unit 442; line 424
delivers differential signal By to time-switch unit 444.

[0033] By providing common input locus 402 for deliv-
ering input signal Ay to timing circuit 440 repeater appa-
ratus 400 ensures that a properly representative and config-
ured signal is provided to timing circuit 440 whether input
signal Ay 1s transmitted in a first format or in a second
format. Similarly, by providing a common input locus 404
for delivering input signal By to timing circuit 440 repeater
apparatus 400 ensures that a properly representative and
configured signal is provided to timing circuit 440 whether
input signal By is transmitted in a first format or in a second
format.

[0034] In such an arrangement, differential signals Apy,
B arrive substantially simultancously at time-switch units
442, 444. Time-switch units 442, 444 are configured to
substantially simultaneously operate upon differential sig-
nals Apy, By to generate timed output signals on output
lines 450, 452, 454, 456 as appropriate. Thus output line 550
conveys a timed output signal representative of differential
input signal Ay as input signal A may be expressed in
format one. Output line 552 conveys a timed output signal
representative of differential input signal By as input signal
By may be expressed in format one. Output line 554
conveys a timed output signal representative of differential
input signal Ay as input signal A may be expressed in
format two. Output line 556 conveys a timed output signal
representative of differential input signal By as input signal
B may be expressed in format two.

[0035] Timed output signals on output lines Apy, By
faithfully recreating timing present in differential signals
Ap By and are substantially true representations of dif-
ferential signals Ay, By 1n so far as timing aspects of
variations of those signals are concerned. The amplitudes of
the variations of timed output signals on output lines 450,
452, 454, 456 are not necessarily compliant with whatever
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format is employed in the system (e.g., LVDS or LPECL;
not shown in FIG. 4) in which repeater apparatus 400 is
employed. Instead, timed output signals on output lines
450,452, 454, 456 are provided to a level setting circuit 462
configured for acceptance and treatment by level setting
circuit 462.

[0036] Tevel setting circuit 462 receives timed output
signals from output lines 450, 452, 454, 456 as appropriate
and treats those timed output signals to present output
signals Agyr, Bour at output loci 468, 469 appropriately
configured to conform to the format employed in the system
or network (e.g., LVDS or LVPECL; not shown in FIG. 4)
in which repeater apparatus 400 is employed. In such
manner output signals Agyr, Bour are properly timed and
properly otherwise formatted in terms of amplitudes and
other signal characteristics to faithfully represent input dif-
ferential signals Ay, By, regardless of whether input sig-
nals Ay, By are transmitted in a first format or a second
format. Level setting circuit 462 may be configured to
present output signals Agyr, Bour configured to conform
with format one or format two. That is, in operation,
differential signals Ay, By Will likely be conveyed in either
format one or format two. It is not likely that the signals will
be conveyed in both formats simultaneously. Repeater appa-
ratus 400 is configured to accept signals in either format one
or format two as a way to make one part do “double duty”
to reduce part count and inventory requirements.

[0037] In an exemplary practical implementation of the
present invention, a user seeking to place a repeater in a data
communication network may select a model of repeater
apparatus 400 for which one of time-switch units 442, 444
can handle the format of signals then extant in the user’s
network. For example, a user may have a network that
operates using signals formatted for LVDS standards. In
such a situation, the user will ensure that level setting circuit
462 sets appropriate levels for output signals to be compat-
ible with downstream units (other repeaters, receivers, or
other equipment) that are configured for dealing with signals
conveyed according to the LVDS standard. If the user should
later wish to change the network to operate using signals
configured according to another standard, say the LVPECL
standard for example, then the user needs only to change
level setting circuit 462 to another such unit constructed to
present LVPECL configured signals at output loci 468, 469.
Input may still be made to the same timing circuit 440 with
no changes because of the capability of timing circuit 440 to
handle both signal formats.

[0038] A significant advantage with the novel design of
the present invention is that time-switch units 442, 444 are
constructed to accommodate the incoming differential sig-
nals Ay, By rather than requiring a user to condition the
incoming differential signals Apy, By to conform to the
operational needs of an input circuit. By altering the incom-
ing signals as little as possible, one introduces fewer alter-
ations and fewer delays to signals as they are relayed or
repeated for further transfer through a network. Such mini-
mal treatment of signals facilitates accurate high speed
operation.

[0039] FIG. 5 is an electrical schematic diagram illustrat-
ing the preferred embodiment of the apparatus of the present
invention. In FIG. 5, a repeater apparatus 500 receives
differential signals Ay, By at input loci 502, 504. Input loci



US 2003/0142736 Al

502, 504 are coupled with a timing circuit 540 with no
intervening signal adjusting or attenuating circuitry. Timing
circuit 540 includes a pair of parallel coupled substantially
time-switch units 542, 544. Time-switch unit 542 is config-
ured to accommodate and handle signals conveyed in a first
format, LVDS (Low Voltage Differential Signaling). Time-
switch unit 544 is configured to accommodate and handle
signals conveyed in a second format, LVPECL (Low Voltage
Positive Emitter Coupled Logic). Time-switch 544 is mani-
fested in FIG. § in two portions 5444, 544b. Line 510 from
input locus 502 is coupled with lines 512, 514 to deliver
differential signal Ay to timing circuit 440. Line 512 deliv-
ers differential signal Ay to time-switch unit 542; line 514
delivers differential signal Ay to time-switch unit portion
544a. Line 520 from input locus 504 is coupled with lines
522, 524 to deliver differential signal BIN to timing circuit
540. Line 522 delivers differential signal By to time-switch
unit 542; line 524 delivers differential signal By to time-
switch unit portion 544b.

[0040] By providing common input locus 502 for deliv-
ering input signal Ay to timing circuit 540 repeater appa-
ratus 500 ensures that a properly representative and config-
ured signal is provided to timing circuit 540 whether input
signal Ay is transmitted in LVDS format or in LVPECL
format. Similarly, by providing a common input locus 504
for delivering input signal By to timing circuit 540 repeater
apparatus 500 ensures that a properly representative and
configured signal is provided to timing circuit 540 whether
input signal BIN is transmitted in LVDS format or in
LVPECL format.

[0041] In such an arrangement, differential signals Apy,
B arrive substantially simultancously at time-switch units
542, 544. Time-switch units 542, 544 are configured to
substantially simultaneously operate upon differential sig-
nals Apy, Bry to generate timed output signals on output
lines 550, 552, 554, 556 as appropriate. Thus output line 550
conveys a timed output signal representative of differential
input signal Ay as input signal A may be expressed in
LVDS format. Output line 552 conveys a timed output signal
representative of differential input signal By as input signal
B may be expressed in LVDS format. Output line 554
conveys a timed output signal representative of differential
input signal Ay as input signal A may be expressed in
LVPECL format. Output line 556 conveys a timed output
signal representative of differential input signal By as input
signal By may be expressed in LVPECL format.

[0042] Timed output signals on output lines A, By
faithfully recreating timing present in differential signals
Ap By and are substantially true representations of dif-
ferential signals Ay, By 1n so far as timing aspects of
variations of those signals are concerned. The amplitudes of
the variations of timed output signals on output lines 550,
552, 554, 556 are not necessarily compliant with whatever
format is employed in the system (e.g., LVDS or LVPECL,;
not shown in FIG. 5) in which repeater apparatus 500 is
employed. Instead, timed output signals on output lines 550,
552, 554, 556 are provided to a level setting circuit 562
configured for acceptance and treatment by level setting
circuit 562.

[0043] Time-switch circuit 542 includes MOS (Metal
Oxide Semiconductor) transistors M1, M2 coupled in par-
allel. Transistor M1 has a gate 602, a source 604 and a drain
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606. Transistor M2 has a gate 608, a voltage source 610 and
a drain 612. Sources 604, 610 are coupled in common with
a voltage source 601. Drains 606, 612 are coupled with
output lines 550, 552 and thence with a level setting circuit
562. A current mirror array 620 including MOS transistors
M3, M4 is coupled between voltage source 601 and sources
604, 610 of transistors M1, M2 to ensure consistent current
flow from voltage source 601 through transistors M1, M2 to
level setting circuit 562 via output lines 550, 552 when
transistors M1, M2 are gated.

[0044] TInput lines 510, 512 deliver differential input signal
Ay to gate 602 from input locus 502. Input lines 520, 522
deliver differential input signal By to gate 608 from input
locus 504. Transistors M1, M2 are seclected to exhibit
operating parameters consistent with the LVDS standard so
that differential input signals Apy, By Operate as gating
signals for transistors M1, M2 to control current flow
through transistors M1, M2 with no intervening attenuation
or other circuitry between input loci 502, 504 and gates 602,
608 of transistors M1, M2. Thus there is no alteration or
introduction of additional capacitance or other source of
time delay or alteration of differential input signals Ay, Bry
in driving transistors M1, M2. Accordingly, output signals
appearing at output lines 550, 552 substantially faithfully
represent the timing aspects of differential input signals Ay,
B in LVDS format as they are presented to level setting
circuit 562.

[0045] Time-switch circuit 544 includes circuit portions
544a, 544b coupled in parallel. Circuit portion 544a
includes MOS transistor Ul and an NPN Bipolar Junction
transistor Q1. Transistor U1 has a gate 630, a source 632 and
a drain 634. Transistor Q1 has a base 636, a collector 638
and an emitter 639. Source 634 of transistor Ul is coupled
with voltage source 601; drain 634 of transistor Ul is
coupled with base 636 of transistor Q1. Collector 638 is
coupled with output line 554 and thence with a level setting
circuit 562. Circuit portion 544b includes MOS transistor
U2 and an NPN Bipolar Junction transistor Q2. Transistor
U2 has a gate 640, a source 642 and a drain 644. Transistor
Q2 has a base 646, a collector 648 and an emitter 649.
Source 644 of transistor U2 is coupled with voltage source
601; drain 644 of transistor U2 is coupled with base 646 of
transistor Q2. Collector 648 is coupled with output line 556
and thence with a level setting circuit 562. In this configu-
ration, MOS transistors Ul, U2 are employed as signal
following current sources. Emitters 639, 649 are coupled in
common.

[0046] A current mirror array 650 including MOS transis-
tors U3, U4, U5, U6, U7, U8, U9 is coupled with a current
bias input locus 652. Current in transistor U8 is mirrored in
other transistors U3, U4, U5, U6, U7, U9. Transistor U9 is
coupled with transistor M4 of current mirror array 620 so
that changes in current appearing at current bias 652 may be
reflected in current mirror array 620. Transistor U4 assures
consistent current flow through transistor U1 when transistor
Ul is conductive. Transistor U3 assures consistent current
flow through transistors Q1, Q2 when either of transistor Q1,
Q2 is conductive. Transistor U5 assures consistent current
flow through transistor U2 when transistor U2 is conductive.
Transistors U6, U7 assure consistent current flow through
level setting circuit 562.

[0047] TInput lines 510, 514 deliver differential input signal
A to gate 630 of transistor U1 from input locus 502. Input
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lines 520, 524 deliver differential input signal BIN to gate
640 of transistor U2 from input locus 504. Transistors Ul,
U2 are gatingly controlled by differential input signals Ay,
By and, when gated to be conductive, transistors Ul, U2
deliver a gating signal to gate 636 of transistor Q1 or gate
646 of transistor Q2 as appropriate. The gating signals
delivered to gates 636, 646 are at a voltage reduced from the
voltage levels appearing at gates 630, 640 of transistors U1,
U2. No significant delay or other aberration is introduced to
the signal following by circuit portions 544a, 544b of
differential input signals Apy, By by circuit portions 544a,
544b. Transistors U1, U2 are employed as signal following
voltage reducer components in this preferred embodiment of
the apparatus of the present invention. Circuit portions 544a,
544b are selected to exhibit operating parameters consistent
with the LVPECL standard so that differential input signals
A Br Operate as gating signals for transistors U1, U2 to
control gating of transistors Q1, Q2, thereby controlling
current flow through transistors Q1, Q2 with no intervening
attenuation or other circuitry between input loci 502, 504
and gates 630, 640 of transistors U1, U2. Thus there is no
alteration or introduction of additional capacitance or other
source of time delay or alteration of differential input signals
A, By In driving circuit portions 544a, 544b. Accordingly,
output signals appearing at output lines 554, 556 substan-
tially faithfully represent the timing aspects of differential
input signals Apy, By in LVPECL format as they are
presented to level setting circuit 562.

[0048] Tevel setting circuit 562 receives timed output
signals from output lines 550, 552, 554, 556 as appropriate
and treats those timed output signals to present output
signals Aoy Bour at output loci 568, 569 appropriately
configured to conform to the format employed in the system
or network (e.g., LVDS or LVPECL; not shown in FIG. 5)
in which repeater apparatus 500 is employed. Level setting
circuit 562 includes NPN Bipolar Junction transistors Q3,
Q4 coupled in parallel between voltage source 601 and
ground via current mirror array 650. Transistor Q3 has a
base 660, a collector 662 and an emitter 664. Transistor Q4
has a base 670, a collector 672 and an emitter 674. A voltage
bias BIAS 2 is provided to bases 660, 670. Emitter 664 is
coupled with transistor U6 of current mirror array 650.
Emitter 674 is coupled with transistor U7 of current mirror
array 650. An impedance R1 is coupled in series between
voltage source 601 and collector 662 of transistor Q3. An
impedance R1 is coupled in series between voltage source
601 and collector 672 of transistor Q4. Impedances R1, R2
are selected to set levels for signals presented at output loci
568, 569 to conform with the signaling standard or format
used in the system (e.g., LVDS or LPECL; not shown in
FIG. 5) with which repeater apparatus 500 is employed.

[0049] In such manner output signals Agyr, Bour pre-
sented at output loci 568, 569 are properly timed and
properly otherwise formatted in terms of amplitudes and
other signal characteristics to faithfully represent input dif-
ferential signals Ay, B, regardless of whether input sig-
nals Apy, By are transmitted in LVDS format or in LVPECL
format. Level setting circuit 562 may be constructed to
present output signals Agyr, Bour configured to conform
with LVDS format or LVPECL format. That is, in operation,
differential signals Ay, By Will likely be conveyed in either
LVDS format or LVPECL format. It is not likely that the
signals Ay, By Will be conveyed in both formats simulta-
neously. Repeater apparatus 500 is configured to accept
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signals in either LVDS format or LVDS format as a way to
make one part do “double duty” to reduce part count and
inventory requirements.

[0050] In an exemplary practical implementation of the
present invention, a user seeking to place a repeater in a data
communication network may select a model of repeater
apparatus 500 for which one of time-switch units 542, 544
can handle the format of signals then extant in the user’s
network. For example, a user may have a network that
operates using signals formatted for LVDS standards. In
such a situation, the user will ensure that level setting circuit
562 sets appropriate levels for output signals to be compat-
ible with downstream units (other repeaters, receivers, or
other equipment) that are configured for dealing with signals
conveyed according to the LVDS standard. If the user should
later wish to change the network to operate using signals
configured according to another the LVPECL standard, then
the user needs only to change level setting circuit 562 to
another such unit constructed to present LVPECL configured
signals at output loci 568, 569. Input may still be made to the
same timing circuit 540 with no changes because of the
capability of timing circuit 540 to handle both signal for-
mats.

[0051] Thus, to summarize, the preferred embodiment of
repeater apparatus 500 is designed using two parallel dif-
ferential pairs of transistors in time-switch circuits 542, 544.
Time-switch circuits 542, 544 operate over different com-
mon mode ranges for a total common mode range that
extends rail to rail for the operating standards that may be
employed for input signals arriving at input loci 502, 504.
Lower common mode voltages may be handled by a PMOS
(P-channel Metal Oxide Semiconductor) pair of transistors
M1, M2 for propagating the signal through repeater appa-
ratus 500. Higher common mode ranges may be handled by
BJT (Bipolar Junction Transistor) pair of transistors Q1, Q2
for propagating the signal through repeater apparatus 500.
DC level shifting of signals provided to BJT transistor pair
Q1, Q2 is effected using transistors Ul, U2 as voltage
dropping signal followers allows the circuitry of repeater
apparatus 500 to operate above the positive rail of operating
standards that may be employed for signals arriving at input
loci 502, 504. Transistors U1, U2 are selected to operate so
that minimum transconductance is needed in order that
repeater apparatus may carry out high speed switching
across the entire commmon mode range of both time-switch
circuits 542, 544. Device types and sizes are preferably
selected to meet high speed perating requirements as well as
other requirements. A BiCMOS (Bipolar Complementary
Metal Oxide Silicon) fully differentiated architecture is
preferably employed to provide balanced gain, propagation
delay, and rise and fall times for excellent switching per-
formance across the entire combined common mode range.

[0052] Differential pair M1, M2 is sensitive to the lower
portion of the common mode range of repeater apparatus
500, such as the LVDS range, and differential pair Q1, Q2
operates over the higher portion of the common mode range
of repeater apparatus 500. In the lower portion of the
common mode range, to operate transistors M1, M2 without
going into the linear region, one must satisty the relationship
(referring to FIG. 5):

VDSM1§VGSSM1_VTM1 [1]
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[0053] Where Vg, is voltage between drain and
source of M1,

[0054] Vgon 1s Voltage between gate and source
at saturation of M1,

[0055] Vg is threshhold voltage of M1; and

VDSM1=VDSSU6_(‘/iC_VGSM1) [2]
[0056] Where Vpggus Is voltage between drain and
source at saturation of U6;

[0057] V.. is common mode voltage; and

[0058] Vg is voltage between gate and source
of M1

[0059] Combining expression [1] with expression [2]
yields:
VieZVissustVin [3]
[0060] The transistor pair M1, M2 will operate until:
Vie=VectVbssmstVassm [4]

[0061] Where V.. is a supply voltage applied at
voltage source 601; and

[0062] Vpssnms Is voltage between drain and
source at saturation of M3.

[0063] Hence, the range of operation for M1, M2 is:

VbssuetVrm =Vie=Voet Vbssmst Vassmr [5]

[0064] Recal that V<0, Vogsns<0, Vgssai<0. Under
such conditions, the differential pair Q1, Q2 will be on
when:

VieZVassmitVoe on 01+ Vossus [6]
[0065] Where V. ., o is base—emitter voltage for
turning on Q1; and

[0066] Vpgsus is voltage between drain and source
at saturation of U3.

[0067] To achieve proper switching one must prevent U1,
U2 from going into the linear region, hence:

VDSUlz VGSSUl_VTUl [7]

[0068] Where Vg is voltage between drain and
source of Ul;

[0069] VGSSU1 is voltage between gate and
source at saturation of Ul; and

[0070] VTUL is threshhold voltage of Ul.
[0071] From inspection of FIG. 5:

VDSU1=VCC_(Vic_VGSSU1) [8]
[0072] Combining expressions [6], [7] and [8]:

Vie=Vec=Vru1 [9]
[0073] In order to meet requirements for high speed com-

munication, one must also prevent transistors Q1, Q2 from
going into saturation. To prevent transistors Q1, Q2 from
going into saturation, one must prevent the base-to-collector
junction of each of transistor Q1, Q2 from forward biasing.
Therefore:

Va1 =Voe on 01 [10]
[0074] Where V., is base to collector voltage of
Q1; and
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[0075] V.. on o1 is base—collector voltage on the
verge of turning on Q1.

[0076] Which means:
Vie=VectVossuitVoc on 02 r2"R2 [11]
[0077] Where V,_ ., o is base—collector voltage on
the verge of turning on Q2;
[0078]
[0079] R2 is resistance of resistor R2.

[0080] Expressions [9] and [11] can be used to determine
the maximum value of V,_ that the input stage of repeater
apparatus 500 can handle. That value will be the smallest
value given by one of expressions [9] and [11]. Examining
expression [11], one can observe that repeater apparatus 500
must be designed in such a way that:

Iz, is current through resistor R2; and

Ino*R2=Vie on Q1 [12]

[0081] Substituting expression [12] in expression [10]
gives:

Vie=VoctVassu [13]
[0082] One can thus observe that the smallest value of V,_
will be given by expression [9], and by means of expression
[9] the maximum value of V,, may also be determined.
Putting all results together, one may observe that for the
transistor pair Q1, Q2:

VassurtVoe on 01t Vssus =Vie=VectVrm [14]

[0083] Recalling the conclusion reached in expression [5],
the the range of operation for M1, M2 is:

VbssustVrm = Vie=Voct Vpssmst Vassma [5]

[0084] To ensure that the entire comon mode range is
covered without a dead zone, one must satisfy:

Vec+VpssmstVossmi®VossuitVoe on 01+ Vpssus [15]

[0085] Once the relationship of expression [15] is taken
into account, the imnput common mode range for the entire
structure of repeater apparatus 500 can be described:

Vbssust Vo = Vie=VeetVrus [16]

[0086] In implementing the preferred embodiment analog
implementation of repeater apparatus 500 illustrated in FIG.
5, the back gates of MOS devices (i.e., transistors M1, M2,
M3, M4) are connected either to the highest voltage or the
lowest voltage, depending upon the channel type of MOS
device employed. Such a connection arrangement increases
the absolute value of threshhold voltage as compared with
the case where the source and backgate are tied together. The
connections contemplated by the present invention work to
extend the common mode input range, as is demonstrated by
expressions [1] through [16].

[0087] FIG. 6 is a flow diagram illustrating the preferred
embodiment of the method of the present invention. In FIG.
6, a method 800 for manufacturing an apparatus for handling
a plurality of high speed data communication signals is
illustrated. The plurality of communication signals is deliv-
ered to the apparatus in at least one input channel expressed
as an encoded signal embodied in signal excursions in at
least one predetermined format operating within at least one
excursion range. Method 800 begins at a Start locus 802 and
proceeds, in no particular order, with providing at least one
input locus as indicated by a block 804, and providing at
least one output locus as indicated by a block 806. The at
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least one input locus is configured for coupling with the at
least one input channel for receiving the plurality of com-
munication signals. The at least one output locus is config-
ured for coupling with at least one output channel for
presenting the plurality of communication signals for further
treatment in a desired format.

[0088] Method 800 continues with providing a plurality of
treating circuits for treating the signal excursions in a
plurality of formats as indicated by a block 808. The
plurality of formats includes the predetermined format and
the desired format. Each respective treating circuit of the
plurality of treating circuits is coupled with at least one
respective input locus and coupled with at least one respec-
tive output locus. The apparatus is constructed to present
sufficiently low capacitance between the at least one input
locus and the at least one output locus to impart substantially
zero time delay to the communication signals. Method 800
terminates as indicated by an End locus 810.

[0089] 1t is to be understood that, while the detailed
drawings and specific examples given describe preferred
embodiments of the invention, they are for the purpose of
illustration only, that the apparatus and method of the
invention are not limited to the precise details and conditions
disclosed and that various changes may be made therein
without departing from the spirit of the invention which is
defined by the following claims:

I claim:

1. An apparatus for handling a plurality of high speed data
communication signals; said plurality of communication
signals being delivered to the apparatus in at least one input
channel; each respective communication signal of said plu-
rality of communication signals being expressed as a respec-
tive encoded signal embodied in signal excursions in at least
one predetermined format operating within at least one
excursion range; the apparatus comprising:

(a) at least one input locus coupled with said at least one
input channel for receiving said plurality of communi-
cation signals;

(b) at least one output locus configured for presenting
selected communication signals of said plurality of
communication signals for further treatment in a
desired format in at least one output channel; and

(c) a plurality of treating circuits for treating said signal
excursions in a plurality of formats; said plurality of
formats including said at least one predetermined for-
mat and said desired format; each respective treating
circuit of said plurality of treating circuits being
coupled with at least one said respective input locus
and coupled with at least one said respective output
locus;

the apparatus presenting sufficiently low capacitance
between said at least one input locus and said at least
one output locus to impart substantially zero time delay
to said plurality of communication signals.

2. An apparatus for handling a plurality of high speed data
communication signals as recited in claim 1 wherein said
plurality of formats is two formats and wherein said plurality
of treating circuits is two treating circuits; a first treating
circuit of said plurality of treating circuits treating said
signal excursions in a first said format; a second treating
circuit of said plurality of treating circuits treating said

Jul. 31, 2003

signal excursions in a second said format, and wherein each
respective treating circuit of said first treating circuit and
said second treating circuit comprises a transistor-switching
circuit; each said transistor-switching circuit comprising a
pair of transistors coupled in parallel; each transistor of said
pair of transistors being gated by a respective communica-
tion signal of said plurality of communication signals.

3. An apparatus for handling a plurality of high speed data
communication signals as recited in claim 1 wherein said
plurality of formats is two formats and wherein said plurality
of treating circuits is two treating circuits; a first treating
circuit of said plurality of treating circuits treating said
signal excursions in a first said format; a second treating
circuit of said plurality of treating circuits treating said
signal excursions in a second said format.

4. An apparatus for handling a plurality of high speed data
communication signals as recited in claim 3 wherein said
signal excursions in said first format vary between a first
minimum value and a first maximum value, and wherein
said signal excursions in said second format vary between a
second minimum value and a second maximum value.

5. An apparatus for handling a plurality of high speed data
communication signals as recited in claim 4 wherein said
first maximum value is higher than said second minimum
value and lower than said second maximum value.

6. An apparatus for handling a plurality of high speed data
communication signals as recited in claim 3 wherein each
respective treating circuit of said plurality of treating circuits
comprises a transistor-switching circuit; each said transistor-
switching circuit comprising a pair of transistors coupled in
parallel; each transistor of said pair of transistors being gated
by a respective communication signal of said plurality of
communication signals.

7. An apparatus for handling high speed data communi-
cation signals as recited in claim 6 wherein said signal
excursions in said first format vary between a first minimum
value and a first maximum value, wherein said signal
excursions in said second format vary between a second
minimum value and a second maximum value, wherein
operating parameters of a first treating circuit of said plu-
rality of treating circuits accommodate said signal excur-
sions in said first format, and wherein operating parameters
of a second treating circuit of said plurality of treating
circuits accommodate said signal excursions in said second
format.

8. An apparatus for handling a plurality of high speed data
communication signals as recited in claim 7 wherein said
first maximum value is higher than said second minimum
value and lower than said second maximum value.

9. An apparatus for handling a plurality of high speed data
communication signals as recited in claim 7 wherein said
first format is Low Voltage Differential Signaling (LVDS)
and said second format is Low Voltage Positive Emitter
Coupled Logic (LVPECL).

10. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
signals; said plurality of communication signals being deliv-
ered to the apparatus in differential signaling at a pair of
channels; said differential signaling being embodied in a first
encoded signal delivered at a first channel of said pair of
channels and a second encoded signal delivered at a second
channel of said pair of channels; said first encoded signal
and said second encoded signal being embodied in signal
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excursions in at least one predetermined format operating
within at least one excursion range; the apparatus compris-
ing:

(2) a first input locus coupled with said first channel for
receiving said first encoded signals;

(b) a second input locus coupled with said second channel
for receiving said second encoded signals;

(c) at least one output locus configured for presenting said
plurality of communication signals for further treat-
ment in a desired format in at least one output channel;
each respective output locus of said at least one output
locus being provided for presenting an output signal to
at least one output channel of said at least one output
channel; and

(d) a plurality of treating circuits for treating said first
signal excursions and said second signal excursions in
a plurality of formats; said plurality of formats includ-
ing said at least one predetermined format and said
desired format; each respective treating circuit of said
plurality of treating circuits being coupled with at least
one of said first input locus and said second input locus;
each respective treating circuit of said plurality of
treating circuits being coupled with at least one output
locus of said at least one output locus;

the apparatus presenting sufficiently low capacitance
between said first input locus and said at least one
output locus and presenting sufficiently low capaci-
tance between said second input locus and said at least
one output locus to impart substantially zero time delay
to said plurality of communication signals.

11. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
signals as recited in claim 10 wherein said plurality of
treating circuits is two treating circuits; a first treating circuit
of said plurality of treating circuits treating signals in a first
format of said two formats; a second treating circuit of said
plurality of treating circuits treating signals in a second
format of said two formats, and wherein each respective
treating circuit of said first treating circuit and said second
treating circuit comprises a transistor-switching circuit; each
said transistor-switching circuit comprising a pair of tran-
sistors coupled in parallel; a first transistor of said pair of
transistors being gated by said first encoded signals; a
second transistor of said pair of transistors being gated by
said second encoded signals.

12. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
signals as recited in claim 10 wherein said plurality of
treating circuits is two treating circuits; a first treating circuit
of said plurality of treating circuits treating signals in a first
format of said two formats; a second treating circuit of said
plurality of treating circuits treating signals in a second
format of said two formats.

13. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
signals as recited in claim 12 wherein said signal excursions
in said first format vary between a first minimum value and
a first maximum value, and wherein said signal excursions
in said second format vary between a second minimum
value and a second maximum value.

14. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
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signals as recited in claim 13 wherein said first maximum
value is higher than said second minimum value and lower
than said second maximum value.

15. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
signals as recited in claim 12 wherein each respective
treating circuit of said plurality of treating circuits comprises
a transistor-switching circuit; each said transistor-switching
circuit being actuated by at least one of said first encoded
signals and said second encoded signals; each said transis-
tor-switching circuit comprising a pair of transistors coupled
in parallel; a first transistor of said pair of transistors being
gated by said first encoded signals; a second transistor of
said pair of transistors being gated by said second encoded
signals.

16. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
signals as recited in claim 15 wherein said signal excursions
in said first format vary between a first minimum value and
a first maximum value, and wherein said signal excursions
in said second format vary between a second minimum
value and a second maximum value.

17. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
signals as recited in claim 16 wherein said first maximum
value is higher than said second minimum value and lower
than said second maximum value.

18. An apparatus for effecting input for a repeater for use
in conveying a plurality of high speed data communication
signals as recited in claim 16 wherein said first format is
Low Voltage Differential Signaling (LVDS) and said second
format is Low Voltage Positive Emitter Coupled Logic
(LVPECL).

19. A method for manufacturing an apparatus for handling
a plurality of high speed data communication signals; said
plurality of communication signals being delivered to the
apparatus in at least one input channel expressed as an
encoded signal embodied in signal excursions in at least one
predetermined format operating within at least one excur-
sion range; the method comprising the steps of:

(a) in no particular order:

(1) providing at least one input locus configured for
coupling with said at least one input channel for
receiving said plurality of communication signals;
and

(2) providing at least one output locus configured for
coupling with at least one output channel for pre-
senting said plurality of communication signals for
further treatment in a desired format;

(b) providing a plurality of treating circuits for treating
said signal excursions in a plurality of formats; said
plurality of formats including said predetermined for-
mat and said desired format; each respective treating
circuit of said plurality of treating circuits being
coupled with at least one said respective input locus
and coupled with at least one said respective output
locus; and

(c) constructing the apparatus to present sufficiently low
capacitance between said at least one input locus and
said at least one output locus to impart substantially
zero time delay to said communication signals.
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20. A method for manufacturing an apparatus for handling
a plurality of high speed data communication signals as
recited in claim 19 wherein said plurality of formats is two
formats and wherein said plurality of treating circuits is two
treating circuits; a first treating circuit of said plurality of
treating circuits treating signals in a first said format; a
second treating circuit of said plurality of treating circuits
treating signals in a second said format; each respective
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treating circuit of said plurality of treating circuits comprises
a transistor-switching circuit; each said transistor-switching
circuit comprising a pair of transistors coupled in parallel;
each transistor of said pair of transistors being gated by a
respective communication signal of said plurality of com-
munication signals.



