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Description

Background

[0001] This disclosure relates to circuitry for use in
transmitting a digital (e.g., binary) signal from one circuit
or system component to another. A typical (but not nec-
essarily the only) application of this disclosure is in cir-
cuitry for transmitting a high-speed serial data signal from
one integrated circuit ("IC") on a printed circuit board
("PCB") to another IC on that PCB or to another IC on
another PCB that is connected to the first PCB via a so-
called backplane ("BP") circuit structure. Because some
aspects of the disclosure may relate to circuitry that is
configurable (e.g., programmable) for use in a range of
different applications, the circuitry of this disclosure may
be provided on a general-purpose or relatively general-
purpose IC such as a programmable logic device ("PLD"),
a field-programmable gate array ("FPGA"), a program-
mable microcontroller, or the like.
[0002] A high-speed serial data signal (e.g., a serial
data signal typically (but not necessarily) having a binary
digit ("bit") rate in excess of 1 gigabits per second ("1
Gbps")) that needs to be transmitted by one circuit com-
ponent (e.g., a first IC) to another circuit component (e.g.,
a second IC) is typically subject to some attenuation (loss,
distortion) as it travels through the transmission medium
from the transmitting (transmitter, "TX") component to
the receiving (receiver, "RX") component. Such attenu-
ation tends to be exponentially greater for the higher fre-
quency components of the signal being transmitted. At-
tenuation makes it more difficult for the receiver compo-
nent to accurately interpret (recover) the data from the
signal it receives.
[0003] To reduce the adverse effects of the above-de-
scribed signal transmission attenuation, it is known to
give the high-speed serial data signal what is sometimes
called pre-emphasis just prior to transmitting the signal.
For example, such pre-emphasis may give each data bit
in the signal that has binary data value (e.g., binary 1 or
binary 0) different from the immediately preceding bit
some extra energy (e.g., greater voltage) in the high-
speed serial data signal as that signal emanates from
the transmitter. The high-speed serial data signal needs
its highest frequency components to convey such chang-
es in binary value; and because these frequency com-
ponents are subject to the greatest transmission loss (at-
tenuation), giving these binary  value changes extra en-
ergy helps to compensate (in advance) for the transmis-
sion loss they are especially vulnerable to. The signal
therefore arrives at the receiver in better condition, and
the receiver is consequently better able to accurately re-
cover the data contained in that signal.
[0004] Typically, if transmitter circuitry is able to oper-
ate at any one of several bit rates over a range of possible
bit rates (e.g., a bit rate (in such a range) that is selectable
(configurable, programmable) by a user of the circuitry),
only one type of pre-emphasis may be available for use

regardless of the bit rate that is selected for use. That
type of pre-emphasis may work well for bit rates up to a
particular bit rate threshold. But it may not work as well
for bit rates greater than that threshold.
[0005] US 2006/006901 A1 discloses a transmit line
driver with selectable pre-emphasis and driver signal
magnitudes comprises a primary current driver for setting
a primary current level and a pre-emphasis current driver
that provides an additional amount of current that is su-
perimposed with or added to the primary current level
produced by the primary current driver. The pre-empha-
sis current has either negative or positive magnitude
based upon a pre-emphasis signal logic state. A first cur-
rent selection module defines a reference signal that is
used to select the primary current driver output signal
magnitude in a first current mirror, while a second current
selection module is used to define a second reference
signal that selects a pre-emphasis current driver signal
magnitude in a second current mirror. Logic generates a
binary signal to both the first and second current selection
modules to select the current levels as well as the pre-
emphasis signal.
[0006] EP 1 434 347 A1 discloses a Low Voltage Dif-
ferential Signaling (LVDS) driver with pre-emphasis and
comprising a primary stage having a first switching circuit
arranged to provide a sequence of pulses at a predeter-
mined current level, a secondary stage having a second
switching circuit arranged to provide an additional current
level for the pulses, and a control circuit arranged to pro-
vide control signals for controlling the first and second
switching circuits. The control circuit is adapted to detect
a difference in level between two consecutive pulses of
the sequence and to provide accordingly control signals
to the first and second switching circuits. The control sig-
nals are such that when two consecutive pulses of the
sequence are different, the additional current level is add-
ed to the predetermined current level, whilst when two
consecutive pulses of the sequence are identical; the ad-
ditional current level is subtracted from the predeter-
mined current level.
[0007] US 2009/119554 A1 relates to a method and
apparatus for using components within a Serializer/De-
Serializer (SerDes) to emulate the effects of a backplane
in order to facilitate automated test equipment testing of
the SerDes. The SerDes includes a transmitter pre-em-
phasis circuit (TPXE) that pre-emphasizes a transmitted
signal and a receiver equalization circuit (RXEQ) that
equalizes a received signal. The TPXE includes coeffi-
cients that are dynamically programmable.
[0008] Wang et al., "High-speed serial interconnect
transceiver: Applications and design", IEEE Asia Pacific
Conference on Circuits and Systems, 2008, describe de-
sign and applications of high-speed interconnect trans-
ceivers. Wang et al. describe effects due to channel im-
pairments and tradeoffs among different equalization
techniques. Implementation examples of key building
blocks for high-speed serial transceiver in deep sub-mi-
cron CMOS logic process are also introduced.
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SUMMARY

[0009] The invention is defined by the subject matter
of the independent claims. Advantageous embodiments
are subject to the dependent claims.
[0010] In accordance with certain possible aspects of
the disclosure, circuitry for giving pre-emphasis to each
bit in a serial data signal whose data value differs from
a data value of an immediately preceding bit in the serial
data signal may include first circuitry for causing a first
electrical current to flow in a circuit element in a direction
that is indicative of the data value of each succeeding
bit. The circuitry may further include second circuitry, re-
sponsive to a condition in which one bit has a same data
value as the bit that immediately preceded said one bit,
for causing a second electrical current to flow in the circuit
element in a direction opposite to the first current. The
circuitry may still further include third circuitry for produc-
ing a serial data output signal based on an amount and
direction of net current flow in the circuit element.
[0011] In accordance with certain other possible as-
pects of the disclosure, a method for giving pre-emphasis
to each bit in a serial data signal whose data value differs
from a data value of an immediately preceding bit in the
serial data signal may include, when one bit has a differ-
ent data value than the bit that immediately preceded
said one bit, producing a serial data output signal bit cor-
responding to said one bit based on a first electrical cur-
rent that is indicative of the data value of said one bit and
that is produced without regard for the data value of said
bit that immediately preceded said one bit. The method
may further include, when said one bit has a same data
value as said bit that immediately preceded said one bit,
producing said serial  data output signal bit correspond-
ing to said one bit based on said first electrical current
reduced by a second electrical current.
[0012] As an alternative to using the immediately pre-
ceding bit (as in the above "post-tap" operation), the im-
mediately following (succeeding) bit may be used in a
generally similar way (in so-called "pre-tap" operation).
[0013] In accordance with another aspect (aspect B),
a circuitry for transmitting a serial data signal is provided,
said circuitry comprising:

circuitry for giving de-emphasis to a bit that has a
same data value as an immediately preceding bit;

circuitry for selectively giving pre-emphasis to a bit
that has a different data value than an immediately
preceding bit; and

circuitry for enabling the circuitry for selectively giv-
ing pre-emphasis only when the serial data signal
has a bit rate that is less than a threshold bit rate.

[0014] According to a further preferred realization of
such a circuitry, especially according to aspect B, the
circuitry for giving de-emphasis comprises:

circuitry for routing first and second electrical cur-
rents that are respectively indicative of the data val-
ues of the bit and the immediately preceding bit so
that the first and second currents subtract from one
another when the bit and the immediately preceding
bit have the same data value.

[0015] According to a further preferred realization of
such a circuitry, especially according to aspect B, the
circuitry for selectively giving pre-emphasis further com-
prises:

circuitry for routing first and second electrical cur-
rents that are respectively indicative of the data val-
ues of the bit and the immediately preceding bit so
that the first and second currents add to one another
when the bit and the immediately preceding bit have
different data values.

[0016] According to a further preferred realization of
such a circuitry, especially according to aspect B, the
circuitry for enabling further comprises:

a circuit element that is programmable to indicate
when the serial data rate has a bit rate that is less
than the threshold bit rate.

[0017] In accordance with another aspect (aspect C),
a circuitry for transmitting a serial data signal is provided,
said circuitry comprising:

circuitry for transmitting selected bits in the serial da-
ta signal with de-emphasis;

circuitry for selectively transmitting selected bits in
the serial data signal with pre-emphasis; and

[0018] circuitry for enabling the circuitry for selectively
transmitting only when the serial data signal has a bit
rate that is less than a threshold bit rate.
[0019] According to a further preferred realization of
such a circuitry, especially according to aspect C, the
circuitry for transmitting selected bits in the serial data
signal with de-emphasis operates on a bit having a same
data value as an immediately preceding bit (option 1).
[0020] According to a further preferred realization of
such a circuitry, especially according to aspect C, the
circuitry for selectively transmitting selected bits in the
serial data signal with pre-emphasis operates on a bit
having a different data value than an immediately pre-
ceding bit (option 2).
[0021] According to a further preferred realization of
such a circuitry, especially according to aspect C and
option 1, the circuitry for transmitting selected bits in the
serial data signal with de-emphasis operates by subtract-
ing first and second electrical currents that are respec-
tively indicative of the data values of the bit and the im-
mediately preceding bit.
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[0022] According to a further preferred realization of
such a circuitry, especially according to aspect C and
option 2, the circuitry for selectively transmitting selected
bits in the serial data signal with pre-emphasis operates
by adding first and second electrical currents that are
respectively indicative of the data values of the bit and
the immediately preceding bit
[0023] Further features of the disclosure, its nature and
various advantages, will be more apparent from the ac-
companying drawings and the following detailed descrip-
tion.

Brief Description of the Drawings

[0024]

FIG. 1 is a simplified diagram of representative signal
waveform portions before and after passing through
a schematically depicted transmission medium be-
tween transmitter and receiver circuitry.

FIG. 2 is a simplified schematic block diagram of
illustrative known driver circuitry.

FIG. 3 is a simplified schematic block diagram of
illustrative known circuitry that can be used for con-
trolling the FIG. 2 circuitry.

FIG. 4 shows a particular operating condition of the
FIG. 2 circuitry.

FIG. 5 shows simplified signal waveforms that in-
clude features associated with the operating condi-
tion shown in FIG. 4.

FIG. 6 shows another particular operating condition
of the FIG. 2 circuitry.

FIG. 7 repeats what is shown in FIG. 5 with additional
identification of features associated with the operat-
ing condition shown in FIG. 6.

FIG. 8 shows yet another particular operating con-
dition of the FIG. 2 circuitry.

FIG. 9 repeats what is shown in FIG. 7 with additional
identification of features associated with the operat-
ing condition shown in FIG. 8.

FIG. 10 repeats what is shown in FIG. 6 with addi-
tional parasitic circuit features and currents shown.

FIG. 11 repeats what is shown in FIG. 8 with addi-
tional parasitic circuit features and currents shown.

FIG. 12 is similar to FIG. 2, but is for an illustrative
embodiment in accordance with certain possible as-
pects of this disclosure.

FIG. 13 is a simplified schematic block diagram of
an illustrative embodiment of circuitry that can be
used with the FIG. 12 circuitry (or with the FIG. 15
circuitry) in accordance with certain possible aspects
of the disclosure.

FIG. 14 is a table illustrating various operating con-
ditions of the FIG. 12 circuitry in accordance with
certain possible aspects of the disclosure.

FIG. 15 is similar to FIG. 2, but is for an illustrative
embodiment in accordance with certain possible as-
pects of the disclosure.

FIG. 16 is a table illustrating various operating con-
ditions of the FIG. 15 circuitry in accordance with
certain possible aspects of the disclosure.

FIG. 17 is a simplified schematic block diagram of
an illustrative embodiment of circuitry in accordance
with certain possible aspects of the disclosure.

FIGS. 18a-c are collectively a simplified flow diagram
of an illustrative embodiment of certain possible
method aspects in accordance with the disclosure.
FIGS. 18a-c may sometimes be referred to collec-
tively as FIG. 18.

FIG. 19 is generally similar to FIG. 13, but for another
illustrative embodiment in accordance with the dis-
closure.

Detailed Description

[0025] FIG. 1 shows (on the left) an example of a trans-
mitter ("TX") high-speed serial data signal that has been
given so-called pre-emphasis (TX equalization, pre-dis-
tortion). Each of the lettered intervals i-s represents one
unit interval ("UI") in the TX data signal. A UI is the time
duration of any one bit in the data signal. The bit in interval
j comes (in time) immediately after the bit in interval i; the
bit in interval k comes (in time) immediately after the bit
in interval j; and so on. Another way to state this is that
bit i is transmitted first; then bit j is transmitted; then bit
k is transmitted; and so on. In each of the waveforms
shown (on the left and on the right in FIG. 1) the vertical
axis is signal voltage (with greater voltage being higher
along the vertical axis), and the horizontal axis is time of
transmission of that voltage (with later time of transmis-
sion being farther to the right along the horizontal axis).
[0026] Note that in the TX data waveform on the left,
high-valued bit j (e.g., a bit having binary data value 1)
immediately follows low-valued bit i (e.g., a bit having
binary data value 0). In accordance with certain known
TX equalization schemes, bit j is given pre-emphasis
(e.g., somewhat higher voltage than another high-valued
bit (such as bit k) that immediately follows an already
high-valued bit). Similarly, low-valued bit 1, which imme-
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diately follows high-valued bit k, is given pre-emphasis
(e.g., somewhat lower voltage than another low-valued
bit (such as bit q) that immediately follows an already
low-valued bit). In other words, each bit in the TX data
waveform that immediately follows a differently valued
bit is given pre-emphasis relative to bits that immediately
follow same-valued bits. Thus bits j, 1, m, n, o, and p are
given pre-emphasis. Bits k, q, and r are not given pre-
emphasis.
[0027] The TX data wavefonn shown in FIG. 1 is, of
course, produced by transmitter circuitry in a system. The
transmitter circuitry gives the various bits of this signal
the appropriate pre-emphasis as described above.
[0028] FIG. 1 shows the TX data waveform on the left
passing through transmission channel circuitry 10 and
emerging as the RX data waveform on the right. The RX
data signal is what receiver circuitry in a system receives
(sees). FIG. 1 shows that transmission channel 10 caus-
es attenuation of the signal it transmits (compare the RX
data waveform to the original TX data waveform). For
example, the overall voltage swing (difference between
highest and  lowest voltages) of the RX data signal is
less than the overall voltage swing of the TX data signal;
and it is especially to be noted that bits that immediately
follow differently valued bits no longer show (in the RX
data) the extra emphasis that they were given in the TX
data. However, without that extra starting emphasis
("pre-emphasis"), these bits would be even less distinct
in the RX data. The TX pre-emphasis has therefore
helped to make it easier for the receiver circuitry to ac-
curately recover all the data from the signal it receives.
[0029] In summary, a purpose of TX equalization as
illustrated by FIG. 1 is to pre-distort the TX data signal
to compensate for downstream transmission channel
loss (e.g., in transmission channel 10). Such TX equali-
zation is also called pre-emphasis. Pre-emphasis tends
to reduce the amplitude of the lower frequency compo-
nents in the data signal relative to peaking the higher
frequency components in that signal. A typical way to
accomplish this is by using TX output signal driver cir-
cuitry that includes one so-called pre-cursor tap or one
so-called post-cursor tap (examples of such driver cir-
cuitry being shown and described later in this specifica-
tion).
[0030] A consequence of such pre-emphasis is that
the data signal at the receiver has more balanced high
and low frequency components. This helps to reduce in-
ter-symbol interference ("ISI") effects. (ISI makes it hard-
er for the receiver circuitry to accurately distinguish a bit
from the immediately preceding and/or following bit.)
More balanced high and low frequency components in
the received signal also give that signal a wider eye open-
ing. (The "eye" of a data signal can be plotted by super-
imposing on one unit interval the trace of multiple bits in
the data signal. The eye of the signal is the area in such
a plot through which no part of the trace of any of these
bits passes. The larger this "open" area or eye (e.g., in
terms of height and width) the easier it tends to be for

receiver circuitry to accurately recover all data bits from
the signal.)
[0031] FIG. 2 shows an illustrative example of known
TX driver circuitry 100 that may be used to give a trans-
mitted high-speed data signal pre-emphasis of the type
shown on the left in FIG. 1. Circuitry 100 is of a type that
may be referred to as H-bridge or H-tree based TX driver
circuitry. Circuitry 100 includes so-called main tap circuit
elements 110, 112a, 112b, 114a 114b, and 116. Circuitry
100 also includes so-called post-tap circuit elements 120,
122a, 122b, 124a, 124b, and 126. A further element of
circuitry 100 is resistor 130.
[0032] (Although circuit elements 120, 122a, 122b,
124a, 124b, and 126 are referred to above and in many
subsequent instances as "post-tap" circuit elements or
the like, it will be understood that these or similar ele-
ments can alternatively be "pre-tap" circuit elements. To
avoid unduly complicating this discussion, it will generally
be assumed until much later that the circuitry makes use
of post-tap operation. However, after the post-tap option
has been fully discussed, the pre-tap alternative will also
be given thorough consideration.)
[0033] Considering first the main tap circuit elements:
Element 110 is current source circuitry that supplies an
amount of electrical current I to a node that is labelled
Vh. Element 116 is current sink circuitry that drains an
amount of electrical current I from a node that is labelled
V1. (Although perhaps most accurately described a cur-
rent sink circuitry, elements like 116 may sometimes be
referred to as current source circuitry just to simplify and
generalize the discussion.) Element 112a is controllably
closable and openable electrical switch circuitry (e.g., a
transistor switch) that is connected across (between)
node Vh and a first output node Vop of circuitry 100.
Element 114a is another switch element like 112a that
is connected between (across) node Vh and a second
output node Von. Elements 112b and 114b are other
switch elements like 112a. Switch 112b is connected be-
tween nodes Von and V1. Switch 114b is connected be-
tween nodes Vop and V1.
[0034] Turning now to the post-tap circuitry: Element
120 is current source circuitry that supplies an amount
of electrical current Ip to node Vtp. Element 126 is current
sink (or source) circuitry that draws an amount of elec-
trical current Ip from node Vtn. Elements 122a, 122b,
124a, and 124b are all switch elements like above-de-
scribed element 112a. Switch 122a is connected be-
tween nodes Vtp and Von; switch 122b is connected be-
tween nodes Vop and Vtn; switch 124a is connected be-
tween nodes Vtp and Vop; and switch 124b is connected
between nodes Von and Vtn.
[0035] Resistor 130 is connected between nodes Vop
and Von. Nodes Vop and Von provide complementary
constituents of the TX data signal output by TX driver
circuitry 100. In other words the output signal of circuitry
100 is actually two complementary signals Vop and Von.
These signals are complementary because when either
of these signals has its relatively high voltage, the other
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signal has its relatively low voltage. Such complementary
or differential  signalling is well known to those skilled in
the art as an alternative to so-called single-ended signal-
ling (only one signal rather than two complementary sig-
nals), and so it will generally not be necessary herein to
specifically distinguish whether complementary or sin-
gle-ended signals, signalling, or circuitry is being referred
to or employed in any particular embodiment. Also, it will
not be generally necessary to separately refer to the two
complementary signal constituents that are present
when complementary signalling is being used. Instead,
both of such complementary constituents may simply be
referred to collectively as a single signal.
[0036] Note that switches 112, 114, 122, and 124 in
FIG. 2 may alternatively be referred to as switches S1,
S0, Sp1, and Sp0 in accordance with the following cor-
relation: 112a and 112b = S1; 114a and 114b = S0; 122a
and 122b = Sp1; and 124a and 124b = Sp0. This is done
because the indicated pairs of switches (e.g., pair 112a
and 112b) are controlled in tandem (i.e., in the same way
at the same time) in circuitry 100. It is therefore more
convenient to have a simplified reference (e.g., S1) for
both switches in each such pair.
[0037] An illustrative known construction of circuitry
150 for controlling the switches in FIG. 2 is shown in FIG.
3. The serial data signal to be transmitted is applied to
this circuitry as shown. In any given UI the bit represented
by this signal may be designated D0 as shown. This sig-
nal is applied to delay circuit element 160, which delays
the applied signal by an amount of time T equal to the
duration of one UI. For this purpose, delay circuit element
160 may be clocked by a clock signal having a frequency
equal to the bit rate of the serial data signal. Thus during
each UI, delay element 160 outputs the data bit it received
during the immediately preceding UI. In any given UI the
bit output by delay element 160 may be referred to as
D1. Again, each instance of D1 is equal to the instance
of D0 in the immediately preceding UI. Referring back to
FIG. 1 , if D1 is currently representing bit, for example,
then D0 is concurrently (at the same time) representing
bit k. As another similar example, if D1 is currently rep-
resenting bit k, then D0 is concurrently representing bit 1.
[0038] FIG. 3 shows that D0 is used to control switches
S1 in FIG. 2. For example, when D0 is binary 1, this may
close both of switches S1; and conversely, when D0 is
binary 0, this may open both of switches S1. (The logic
could be reversed (i.e., D0 = 1 could cause switches S1
to open; but binary 1 closing a switch is suitable as an
illustrative example that will be assumed for all of the
switches in all of the illustrative embodiments shown and
described  herein.) FIG. 3 further shows that D0 is logi-
cally inverted by inverter circuitry 152. The output signal
of inverter 152 is used to control switches S0 in FIG. 2.
This means that whenever switches S1 are closed,
switches S0 are open; and whenever switches S1 are
open, switches S0 are closed.
[0039] Turning now to the output signal (D1) of delay
element 160, FIG. 3 shows that D1 is used to control

switches Sp1 in FIG. 2. Again, the logic is the same, i.e.,
a binary 1 value of D1 closes switches Sp1, and a binary
0 value of D1 opens switches Sp1. D1 is also inverted
by inverter circuitry 162, and the output signal of this in-
verter controls switches Sp0 in FIG. 2. Thus, whenever
switches Sp1 are closed by the value of D1, that inverted
D1 value opens switches Sp0. Conversely, whenever
switches Sp1 are open, switches Sp0 are closed.
[0040] Operation of the circuitry shown in FIGS. 2 and
3 may be characterized as governed by the following
relationship: 

where X[n] is the current input bit, X[n-1] is the preceding
input bit, and Y[n] is the current output bit. The transfer
function can also be expressed in the z-domain as 

where H(z) represents a high-pass filter in the frequency
domain. The filter attenuates the signal energy in the low
frequency components of the input signal. C0 and C1 are
controlled by I and Ip, respectively. C1 has to have a
different sign from C0 (i.e., is negative) to make a high-
pass filter (due to the relative connectivity of the various
switches in the main and post-tap portions of circuitry
100, and how the true and complement forms of D0 and
D1 are applied to control those various switches). z-1 re-
fers to the UI delay in the z-domain. Note that I is normally
greater than 2 times Ip.
[0041] FIG. 4 is a repetition of FIG. 2, but augmented
with lines showing current flows that exist in the circuitry
during a particular operating condition of the circuitry.
This operating condition corresponds to D0 and D1 both
being equal to binary 1. This state of the data closes
switches  S1 and Sp1; and it opens switches S0 and Sp0.
(In FIG. 4 and subsequent similar FIGS., the switches
that are closed are not drawn any differently from the
switches that are open; but the fact that electrical current
is shown flowing through the closed switches is a suffi-
cient graphical indication that those switches are closed.)
The current I from source 110 can be traced to ground
(at the bottom ends of current sinks 116 and 126) by
following the chain-dashed line, which starts by passing
through source 110. Similarly, the current Ip from source
120 can be traced to ground by following the simple
dashed (i.e., not chain-dashed) line, which starts by pass-
ing through source 120. By tracing these various current
flows, it can be seen that the following relationship applies
to this operating condition of circuitry 100: 
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where R is the resistance of resistor 130. Note that Vout
is a convenient way to combine complementary data out-
put signals Vop and Von into one signal value that is
directly comparable to the single TX data signal wave-
form shown on the left in FIG. 1. Note also that in this
operating condition Vtp is approximately equal to V1, and
Vtn is approximately equal to Vh.
[0042] Region A in FIG. 5 shows how the kind of data
condition described above in connection with FIG. 4
causes Vout to have the "basic value," "basic voltage
level," or "basic level" (I-Ip)*R. By "basic level" it is meant
that in region A Vout does not possess any extra empha-
sis (pre-emphasis). (The horizontal dashed line in FIG.
5 (and subsequent similar FIGS.) may correspond to any
convenient reference voltage level (e.g., the common
mode voltage of a differential or complementary form of
the TX data output signal). The common mode voltage
of a differential or complementary signal is the voltage
that is midway between the two complementary constit-
uents of such a differential or complementary signal.
Such a common mode voltage may have any voltage
value; but for convenience herein it will generally be as-
sumed that the dashed line reference voltage in FIG. 5
and subsequent similar FIGS. is 0 volts.) Continuing with
the discussion of Vout in region A in FIG. 5 having the
"basic voltage level," it will be seen that in region A the
magnitude (absolute value) of the voltage difference be-
tween Vout and the dashed line reference voltage is not
as great as it is just after Vout drops below the reference
voltage (to the right of region A in FIG. 5). As will be
discussed in more detail in the next paragraphs, that
greater magnitude of voltage  difference (immediately
after the drop below the dashed line reference voltage)
is a region of extra emphasis or pre-emphasis. Where
Vout does not have such pre-emphasis (e.g., in region
A), Vout may be said to be at its "basic level." Another
term that may be used for this basic level of Vout may
be "de-emphasis level" or "de-emphasis."
[0043] FIG. 6 repeats FIG. 4, but shows how circuitry
100 operates when D0 = 0 and D1 = 1. This state of the
data closes switches S0 and Sp1; and it opens switches
S1 and Sp0). It also corresponds to region B in FIG. 7
(similar to above-described FIG. 5). By tracing the vari-
ous current flows from element 110 to ground (chain-
dashed line) and from element 120 to ground (simple
dashed line), it can be seen that the following relationship
applies to this operating condition of circuitry 100: 

[0044] It will also be noted that in this operating condi-
tion Vtp is approximately equal to Vh, and Vtn is approx-

imately equal to V1.
[0045] Region B in FIG. 7 shows how the kind of data
condition described above for FIG. 6 causes Vout to have
the "emphasized value," "emphasized voltage level,"
"emphasized level," "pre-emphasis level," or "pre-em-
phasis" -(I+Ip)*R. By "emphasized level" it is meant that
in region B (to the right of transition P) Vout has extra
emphasis (pre-emphasis). A measure of the magnitude
of this pre-emphasis is given by the difference between
the absolute values of Vout (relative to the dashed line
reference voltage) in regions A and B. This difference in
absolute values relative to reference is 2 times Ip.
[0046] FIG. 8 again repeats FIGS. 2 and 4, but shows
how circuitry 100 operates when D0 - 0 and D1 = 1. This
state of the data closes switches S0 and Sp1; and it opens
switches S1 and Sp0. It also corresponds to region C in
FIG. 9 (similar to above-described FIGS. 5 and 7). By
tracing the various current flows from element 110 to
ground (chain-dashed line) and from element 120 to
ground (simple dashed line), it can be seen that the fol-
lowing relationship applies to this operating condition of
circuitry 100: 

[0047] It will also be noted that in this operating condi-
tion Vtp is approximately equal to Vh, and Vtn is approx-
imately equal to V1.
[0048] Region C in FIG. 9 shows how the kind of data
condition described above for FIG. 8 causes Vout to shift
to the basic value -(I-Ip)*R. Again, by basic value it is
meant that in region C (as in region A) Vout does not
possess any extra emphasis (pre-emphasis) (as it did in
region B).
[0049] Although not shown in any FIGS. Like FIGS.
4-9, those skilled in the art will appreciate that there is
yet another operating condition of circuitry 100, namely,
the condition in which D0 = 1 and D1 = 0. From what has
been shown and described, those skilled in the art will
appreciate that in this operating condition switches S1
and Sp0 are closed, and switches S0 and Sp1 are open.
Those skilled in the art will understand that this condition
causes Vout to be equal to (I-Ip)*R (i.e., to have a value
in any FIG. like FIGS. 5, 7, and 9 that is above the hori-
zontal dashed line by an amount equal to (I+Ip)*R). This
is again a condition of Vout that exhibits the effect of pre-
emphasis.
[0050] Some additional characteristics (or characteri-
zations) of the above known circuitry and pre-emphasis
are as follows: In this circuitry the TX output voltage swing
(maximum voltage excursion) is given by the following
relationship: 
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[0051] The TX equalization ratio is given by the follow-
ing relationship: 

[0052] The total driver current is given by the following
relationship. 

[0053] An advantage of this known architecture is that
it is the most power-efficient architecture for a given REQ.
However, the present disclosure deals with limitations of
this architecture that will be described in the next para-
graphs.
[0054] FIG. 10 shows that when D0 and D1 transit from
11 to 01 (i.e., when D0 changes from 1 to 0, while D1
remains 1 (similar to the condition shown at B in FIG. 7)),
Vtp needs to jump from V1 to Vh. This can be seen, for
example, by comparing the fact that in FIG. 4 Vtp is con-
nected directly to V1 through closed switches 122a and
112b, while in FIG. 6 Vtp is connected directly to Vh
through closed switches 122a and 114a. Vtn also needs
a sudden reverse voltage change (i.e., from Vh as in FIG.
4 (switches 112a and 122b closed) to V1 as in FIG. 6
(switches 122b and 114b closed)).
[0055] Each of current sources 120 and 126 inevitably
has associated with it some parasitic capacitance 180 or
186, respectively. Such parasitic capacitance Cp limits
or is deleterious to the above-needed fast transitions of
Vtp and Vtn. Part of the current from Ip is needed to dis-
charge Cp. This means that there is less net current flow
across resistor R (130), and this in turn leads to weak
pre-emphasis ramp up (i.e., the transition or ramp iden-
tified by P in FIG. 7 is not in fact as steep or strong as
depicted or desired). In sum, there is an adverse per-
formance impact on TX equalization at higher data rates
due to the memory effects of (or parasitic capacitance
associated with) Vtp and Vtn.
[0056] When D0 and D1 transit from 01 to 00 (e.g., as
in region C in FIG. 9), Vtp needs to jump from Vh to V1
(compare FIG. 6 (in which Vtp is connected to Vh via
closed switches 122a and 114a) to FIG. 8 (in which Vtp
is connected to V1 via closed switches 124a and 114b)).
Vtn also needs a sudden reverse voltage change from
V1 to Vh (again compare FIG. 6 (in which Vtn is connect-
ed to V1 via closed switches 122b and 114b) to FIG. 8
(in which Vtn is connected to Vh via closed switches 114a
and 124b)). In this case, however, the charging current
to the parasitic capacitors Cp (180 and 186) actually
helps to reduce the current across R (130). Reduced cur-
rent across R is what is needed to produce ramp or tran-
sition Q in FIG. 9. Therefore in this case the parasitic

capacitance Cp does not have an adverse effect on the
desired steepness of ramp Q.
[0057] In accordance with the present disclosure, TX
driver circuitry that can be architecturally like circuitry 100
can be operated in two different modes, depending on
whether the data rate (bit rate) of the serial data signal
on which the driver circuitry is operating is greater than
or less than a predetermined threshold data rate. An ex-
ample of such a threshold data rate may be 6 Gbps; but
it is emphasized that this is only an example, and that
this threshold may be greater than 6 Gbps or less than
6 Gbps in other embodiments in accordance with this
disclosure. For convenience herein, a "first" of the above-
mentioned modes is the mode used when the data rate
is greater than the above-mentioned threshold data rate,
and a "second" of the above modes is used when the
data rate is less than the threshold data rate. The so-
called first mode will be shown and described first. Later,
the so-called second mode will be shown and described.
[0058] FIG. 12 shows an illustrative embodiment of
driver circuitry 200 in accordance with this disclosure.
The architecture (overall or general circuit arrangement)
of driver 200 can be the same as the architecture of driver
100; and as a consequence of this, each element in FIG.
12 has reference number increased by 100 from the ref-
erence number of the corresponding element in FIG. 2.
Because the architecture of driver 200 is thus the same
as the architecture of driver 100, the earlier description
of that architecture (in the context of driver 100) applies
again to driver 200. It will therefore not be necessary to
repeat all of that description here for driver 200. Only
operational and control differences will be discussed be-
low.
[0059] It will be noted that FIG. 12 shows the electrical
current associated with each of current sources 210 and
216 as I+Ip, and the current associated with each of cur-
rent sources 220 and 226 as 2*Ip. The values of I and Ip
can be the same in FIG. 12 as they were in FIG. 2. Driver
circuitry 200 can have these current source strengths
when operating in the first mode that is now being de-
scribed. In the later-described second mode, all current
source strengths can be the same as in FIG. 2. (Changing
current source strengths in this (or any other) way be-
tween the first and second modes is optional; but this
particular change has the benefit of facilitating discussion
herein of comparison between performance of the cir-
cuitry in the first and second modes.)
[0060] Although it does not affect the basic architecture
of circuitry 200 as compared to circuitry 100, it will be
noted that post-tap switches 222b and 224b are now la-
belled Sp2 and  Sp3 in FIG. 12. This means that switch
222b can be controlled separately from switch 222a, if
desired; and that switch 224b can be controlled sepa-
rately from switch 224a, if desired. In other words, in driv-
er 200, switches 222a and 222b are no longer necessarily
controlled in tandem (as they were in driver 100); and
switches 224a and 224b are also no longer necessarily
controlled in tandem (as they were in driver 100).
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[0061] FIG. 13 shows an illustrative embodiment of cir-
cuitry 250 for controlling driver 200 based on the serial
data signal to be transmitted via driver 200. Circuitry 250
may have some similarities to earlier-described circuitry
150 (FIG. 3), so that (again) an element in FIG. 13 that
is similar to an element in FIG. 3 has a reference number
that is increased by 100 from the similar-element refer-
ence number in FIG. 3. To the extent that there is such
element and operational similarity between FIGS. 3 and
13, the earlier description of FIG. 3 will be understood to
apply again to FIG. 13, and that description will accord-
ingly not need to be expressly repeated here for FIG. 13.
The following will focus mostly on how circuitry 250 differs
from circuitry 150.
[0062] Circuitry 250 includes the potential for separate
control of each of switches Sp0, Sp1, Sp2, and Sp3. In
particular, switch Sp0 is controlled by the output signal
of multiplexer circuitry ("mux") 270, switch Sp1 is con-
trolled by the output signal of mux 272, switch Sp2 is
controlled by the output D1 of delay circuit element 260,
and switch Sp3 is controlled by the output signal of in-
verter circuitry 262 (which produces an output signal that
is the logical inverse of the output signal of delay element
260).
[0063] Mux 270 has two selectable inputs. One of
these selectable inputs is D0 (i.e., the serial data signal
that is applied to circuitry 250) after logical inversion by
inverter 252. The other selectable input to mux 270 is the
output signal of inverter 262. Mux 270 also has a selection
control input, i.e., the signal labelled "mode control" in
FIG. 13. The binary logical state of this mode control sig-
nal determines which of its two selectable inputs mux
270 selects to be its output signal. For example, in the
illustrative embodiment being discussed, the mode con-
trol signal may be logic 1 in the first mode of operation
of the circuitry and logic 0 in the second mode of operation
of the circuitry. A selection control signal value of logic 1
causes mux 270 to output the logical inverse of D0. (Con-
versely, a selection control signal value of logic 0 causes
mux 270 to output the output signal of inverter 262.)
[0064] Mux 272 also has two selectable inputs, i.e., D0
and D1, respectively. The selection control input signal
of mux 272 is the mode control signal again. Thus if mode
control is logic 1 (as it is in the first mode currently being
discussed), mux 272 selects D0 to be its output signal.
(Conversely, if mode control is logic 0, mux 272 selects
D1 to be its output signal.)
[0065] FIG. 14 is a table showing how each of switches
S0, S1, Sp0, Sp1, Sp2, and Sp3 in FIG. 12 is controlled
by circuitry 250 in response to each possible combination
of values of D0 and D1 in the currently being described
first mode (i.e., when mode control is logic 1). For exam-
ple, the first line of this table shows that if D0 is 1 and D1
is 1, then circuitry 250 controls circuitry 200 in FIG. 12 to
close switches S1, Sp1, and Sp2, and to open switches
S0, Sp0, and Sp3. This causes Vout (i.e., the difference
between Vop and Von in FIG. 12) to be equal to (I-Ip)*R.
The last (right-most) column in the FIG. 14 table indicates

whether or not the post-tap portion of driver 200 in FIG.
12 (i.e., elements 220, 222, 224, and 226) is effectively
contributing to Vout. Under the conditions specified in
the first line in FIG. 14, "yes" in the last column means
that the post-tap circuitry is contributing to Vout. This can
be seen from the fact that under these conditions switch-
es Sp1 and Sp2 are closed, which means that there is a
"completed" circuit path through driver 200 resistor 230
from source 220 to sink 226.
[0066] Turning now to a second example, the second
line in FIG. 14 shows that if D0 is 0 and D1 is 1, circuitry
250 controls circuitry 200 to close switches S0, Sp0, and
Sp2, and to open switches S1, Sp1, and Sp3. Because
both of the post-tap switches (Sp0 and Sp2) on one side
of resistor 230 in circuitry 200 are closed, the post-tap
current (equal to 2*Ip) can and does completely bypass
resistor 230 (i.e., this entire post-tap current can flow from
source 220 to sink 226 without flowing through the resis-
tor). The post-tap current therefore does not contribute
to the resulting value of Vout, which value (-(I+Ip)*R) is
solely the result of current in main tap circuit elements
210, 212, 214, and 216. Hence the "no" in the last column
in the second line of FIG. 14.
[0067] It will be apparent that the condition shown in
the second line of FIG. 14 can occur in a UI that imme-
diately follows a UI having the condition shown in the first
line in that FIG. Assuming that such a sequence of UIs
has occurred, then along its left-hand side FIG. 14 indi-
cates by the arrow PRE1 that moving from the first line
in the FIG. 14 table to the second  line in that table causes
Vout to have what may be referred as a "pre-emphasis
transition" or a "pre-emphasis ramp" (e.g., somewhat like
transition or ramp P in FIG. 7). Unlike transition P in FIG.
7, however, ramp PRE1 in FIG. 14 occurs substantially
without the post-tap portion of driver 200 contributing cur-
rent to the determination of the end-point Vout value (i.e.,
- (I+Ip)*R). Transition PRE1 is called a "pre-emphasis"
ramp or transition because its end-point Vout includes
extra or pre-emphasis distance from a reference voltage
like the dashed line reference in FIG. 7. This pre-empha-
sis voltage distance is "extra" because it is more than the
distance from the reference voltage of the more basic
levels of Vout (i.e., the level of Vout for any bit that does
not immediately follow a bit having a different data value).
Note that pre-emphasis in any given direction never lasts
for more than one bit or one UI.
[0068] The third line if FIG. 14 shows that if D0 and D1
are both 0, circuitry 250 controls circuitry 200 to close
switches S0, Sp0, and Sp3, and to open switches S1,
Sp1, and Sp2. As compared to the second line in FIG.
14, this third-line condition causes the post-tap current
2*Ip to again flow through resistor 230. However this post-
tap current flow through resistor 230 is opposite to the
direction of main tap current flow (I+Ip) through the re-
sistor. This causes Vout in line three of FIG. 14 to rise
by 2*Ip*R relative to Vout in line two. This comparison
assumes that line three represents a UI that immediately
follows a line two UI (as is entirely possible). Continuing
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with this assumption, the arrow DE1 in FIG. 14 indicates
what may be referred to as a "de-emphasis transition" or
a "de-emphasis ramp" in Vout from line 2 to line 3. (The
term "de-emphasis" is used (again) because this is a tran-
sition or ramp from a level of Vout that includes extra or
pre-emphasis voltage (energy) to a level of Vout that does
not include such extra voltage (and has therefore been
referred to elsewhere herein as a more "basic" voltage).
DE1 is somewhat like transition or ramp Q in FIG. 9.
[0069] The fourth line in FIG. 14 shows that if D0 is 1
and D1 is 0, circuitry 250 controls circuitry 200 to close
switches S1, Sp1, and Sp3, and to open switches S0,
Sp0, and Sp2. The fact that switches Sp1 and Sp3 are
both closed means that all of the post-tap current (2*Ip)
bypasses resistor 230. In other words, the post-tap cir-
cuitry does not contribute significantly to driving Vout to
its end-point voltage ((I+Ip)*R) in FIG. 14 line four. Hence
the "no" for this line in the right-hand column in this FIG.
[0070] Assuming that line four in FIG. 14 occurs in a
UI immediately following a line three UI, then the arrow
PRE2 in FIG. 14 indicates the occurrence of another "pre-
emphasis transition" or "pre-emphasis ramp" in Vout as
that voltage transitions from -(I-Ip)*R to (I+Ip)*R. As be-
fore, such a "pre-emphasis" ramp or transition is one that
ends with Vout including extra or pre-emphasis voltage
(in this case greater than the related more "basic" voltage
level (I-Ip)*R such as in line one of FIG. 14).
[0071] The fifth line in FIG. 14 is a repetition of the first
line. If the fifth line were to occur in a UI immediately
following the fourth line, then arrow DE2 indicates the
occurrence of another "de-emphasis transition" or "de-
emphasis ramp" in Vout as that voltage drops back from
(I+Ip)*R to (I-Ip)*R. As in earlier-described de-emphasis
ramp DE1, this is the result of post-tap current 2*Ip again
being switched into use through resistor 230, but with a
current flow direction through the resistor opposite to the
main tap current flow direction. This results in subtraction
of post-tap current 2*Ip from main tap current I+Ip. This
produces a decrease in Vout equal to 2*Ip*R from the
"pre-emphasis" Vout level of (I+Ip)*R in line four to the
related, more basic or "de-emphasis" level of (I-Ip)*R in
line five.
[0072] Arrow PRE3 in FIG. 14 indicates another pos-
sible data sequence that may occur in two successive
UIs. This is a transition from line two to line four. Transition
PRE3 is another "pre-emphasis transition" or "pre-em-
phasis ramp" because the end-point value of Vout ((I+Ip)
*R) includes extra or pre-emphasis voltage (i.e., voltage
that is farther from the 0 volt dashed line reference level
in FIG. 5, 7, or 9 than the related, more basic de-emphasis
voltage (which is on the same side of the 0 volt line, but
somewhat closer to the 0 volt line)). Arrow PRE4 in FIG.
14 indicates yet another possible "pre-emphasis transi-
tion" or "pre-emphasis ramp," which is a transition or
ramp in the opposite direction from PRE3, but which is
otherwise similar to PRE3. Note that the "no" entries in
the right-hand column in FIG. 14 indicate that both of
ramps PRE3 and PRE4 reach their end-point voltages

without any contribution from the post-tap circuitry. The
same has already been shown to be true for ramps PRE1
and PRE2. Thus, in accordance with this disclosure, the
post-tap portion of circuitry 200 is not used to drive any
pre-emphasis transition or ramp. The post-tap portion of
circuitry 200 is only used to drive the de-emphasis tran-
sitions or ramps like DE1 and DE2.  The overall size
(magnitude, absolute value) of pre-emphasis Vout ramps
PRE1 is the same as the overall size of pre-emphasis
Vout ramps PRE2. Pre-emphasis Vout ramps PRE3 and
PRE4 are each greater in overall size (magnitude, abso-
lute value) by 2*Ip*R than PRE1 and PRE2 ramps. The
size (magnitude, absolute value) of all DE1 and DE2
ramps is 2*Ip*R.
[0073] From the foregoing discussion of the so-called
first mode of operation of driver 200 it will be seen that
load resistor 230 (R) takes either the main tap current or
the difference current between the main tap and the post-
tap current. There is no summing current flow via R. The
post-tap circuitry is effectively not used to drive any pre-
emphasis ramp. This avoids the adverse effect of post-
tap circuitry parasitic capacitance on the desired high
speed of the pre-emphasis ramps. The post-tap circuitry
is only used to drive the de-emphasis ramps, during
which the parasitic capacitance of the post-tap circuitry
actually helps achieve desired high-speed ramps.
[0074] We turn now to the second mode of operating
driver circuitry 200 (used for serial data signals having
lower serial data bit rates). FIG. 15 shows circuitry 200
again, but with different values of current in elements
210, 216, 220, and 226. These different values are the
same as in FIG. 2. Because the second mode of operat-
ing circuitry 200 is similar to the mode described earlier
for the FIG. 2 circuitry, using the FIG. 2 current values in
circuitry 200 as shown in FIG. 15 facilitates using FIG.
15 in the following discussion of the second mode of op-
erating circuitry 200. These FIG. 2 and FIG. 15 current
values also produce the same values of Vout under all
of the same serial data signal conditions as are shown
for the first mode of operating circuitry 200 in FIG. 14.
These FIG. 2/15 current values therefore also facilitate
comparison of the first and second modes of operating
circuitry 200. Although the circuitry shown in FIG. 15 is
the same as circuitry 200 in FIG. 12, the reference
number 200’ may sometimes be used for what is shown
in FIG. 15 if a distinction needs to be made. On the other
hand, it will be understood that the reference number 200
is generic to the FIG. 12 and FIG. 15 circuitry (because
it is or can be the same circuitry). It will also be understood
that circuitry 250 is preferably used to control circuitry
200 (FIG. 12 or FIG. 15) in either the first mode (FIGS.
12 and 14) of operating circuitry 200 or the second mode
(FIGS. 15 and 16) of operating circuitry 200. (As noted
earlier, changing the strengths of current sources 210,
216, 220, and 226 (e.g., as between FIGS. 12 and 15)
when changing between the first and second operating
modes is an optional possibility. If it is desired, it can be
done. If it is not desired, the operating mode can be se-
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lected and/or changed with no effect on or change in the
strengths of the currents sources.)
[0075] When it is desired to operate circuitry 200 in the
second mode (e.g., for serial data signals with lower bit
rates, as compared to the bit rates for which the above-
described first mode is typically used), the mode control
signal in FIG. 13 is set to logic 0. This causes mux 270
to output the output signal of inverter 262, and it causes
mux 272 to output D1. Because switches Sp1 and Sp2
in circuitry 200 thus now receive the same control signal
from circuitry 250, selection of the second mode (mode
control equals logic 0) causes switches Sp1 and Sp2 to
operate in tandem. Similarly, because switches Sp0 and
Sp3 now receive the same control signal from circuitry
250, selection of the second mode causes switches Sp0
and Sp3 to operate in tandem. This means that in the
second mode, circuitry 200 operates identically to FIG.
2 circuitry 100 as controlled by FIG. 3 circuitry 150.
[0076] FIG. 16 is generally similar to FIG. 14, but for
operation of circuitry 200 (with current sources as shown
in FIG. 15) in the second mode. Each of the pre-emphasis
ramps PRE1’ through PRE4’ in FIG. 16 is generally sim-
ilar to the correspondingly numbered pre-emphasis ramp
PRE1 through PRE4 in FIG. 14. However, in FIG. 16
each pre-emphasis ramp is produced using both the main
tap and the post-tap as described more fully above for
circuitry 100, whereas in FIG. 14 only the main tap is
used for the pre-emphasis ramps. Thus (as has already
been explained) for a serial data signal bit rate for which
FIG. 14 is used, these pre-emphasis ramps can be faster
(steeper, stronger) using the FIG. 14 control protocol than
they would be if the FIG. 16 protocol were used instead.
[0077] Each of the de-emphasis ramps DE1’ and DE2’
in FIG. 16 can be generally similar to the correspondingly
numbered de-emphasis ramp DE1 and DE2 in FIG. 14.
[0078] FIG. 17 shows an illustrative embodiment of a
larger context on an integrated circuit ("IC") 300 that may
include circuitry like 200 and 250 in accordance with this
disclosure. Thus, for example, FIG. 17 shows that a serial
data signal that is to be driven off IC 300 (e.g., onto a
communication channel like 10 in FIG. 1) may be first
applied to pre-driver circuitry 310. Circuitry 310 may
strengthen and condition the serial data signal for appli-
cation to configurable logic circuitry 250 (e.g., as in FIG.
13). A programmable memory circuit  element 320 on IC
300 produces the above-described mode control signal
that is used to determine whether circuitry 250 controls
circuitry 200 to operate in the above-described first mode
or the above-described second mode. For example,
memory element 320 may be a so-called configuration
random access memory ("CRAM") element that is pro-
grammed to either logic 1 or logic 0 when IC 300 is first
being initialized for subsequent "normal mode" or "user
mode" operation (e.g., no serial data signal is processed
until such initialization has been performed; after such
initialization, IC 300 enters its normal mode and can then
process a serial data signal).
[0079] Circuitry 250 produces the six output signals

("to S1," "to S0," "to Sp0," "to Sp1," "to Sp2," and "to
Sp3") shown in FIG. 13 for application to the various
switches in driver circuitry 200. These signals are based
on the incoming serial data signal in accordance with the
mode selected by the mode control signal. Driver 200
responds to these signals from circuitry 250 by outputting
the serial data signal with appropriate pre-emphasis.
[0080] An illustrative embodiment of certain possible
method aspects of the disclosure is shown in FIGS. 18a-
c (sometimes referred to collectively as FIG. 18). At 400
a determination is made as to whether the bit rate of the
serial data signal is greater than or less than a threshold
serial data bit rate. If the result of this determination is
"less than," then control passes from 400 to 450, which
causes continued operations in accordance with the ear-
lier-described "second mode." On the other hand, if the
result of this determination is "greater than," then control
passes from 400 to 410. This causes continued opera-
tions in accordance with the earlier-described "first
mode."
[0081] At 410 a determination is made as to whether
or not the data value of a bit is the same as the data value
of the immediately preceding bit. If the result of this de-
termination is "yes," then control passes from 410 to 420.
On the other hand, if the result of this determination is
"no," control passes from 410 to 430.
[0082] At 420 a serial data output signal is produced
based on a first electrical current reduced by a second
electrical current. Control then passes to 440, and there-
after back to 410 for continued operation on the next suc-
ceeding serial data bit.
[0083] Alternatively, at 430 the serial data output signal
is produced based on the first electrical current without
regard for the second electrical current. Control then
passes to 440, and thereafter back to 410 for continued
operation on the next succeeding serial data bit.
[0084] Considering now the "second mode," at 450 a
determination is made as to whether or not the data value
of a bit is the same as the data value of the immediately
preceding bit. If the result of this determination is "yes,"
then control passes from 450 to 460. On the other hand,
if the result of this determination is "no," then control pass-
es from 450 to 470.
[0085] At 460 a serial data output signal is produced
based on a first electrical current reduced by a second
electrical current. Control then passes to 480, and there-
after back to 450 for continued operation on the next suc-
ceeding serial data bit.
[0086] Alternatively, at 470 the serial data output signal
is produced based on the first electrical current increased
by the second electrical current. Control then passes to
480, and thereafter back to 450 for continued operation
on the next succeeding serial data bit.
[0087] Although the invention has thus far been illus-
tratively described for the most part in the context of post-
tap circuits, the invention is equally applicable to pre-tap
circuits. A post-tap circuit selectively modifies the current
output bit based on the immediately preceding (earlier)
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input bit. A pre-tap circuit selectively modifies the current
output bit based on the immediately following (later, suc-
ceeding) input bit. The nature of the modifications to the
current bit can be basically the same (and can be
achieved by basically similar circuitry), whether those
modifications are based on a post-tap or a pre-tap; and
in accordance with this disclosure, the same principles
are employed in either case to avoid summing currents
through the resistor (like 230) at high data rates for faster
recovery.
[0088] By way of further illustration of the pre-tap al-
ternative, FIG. 19 shows an exemplary embodiment of
circuitry 250’ for controlling circuitry 200/200’ in the pre-
tap case. As shown in FIG. 19, the main tap signal is now
the output signal of delay circuit element 260, and the
pre-tap signal is the serial data input signal to delay circuit
element 260. The main tap switches S0 and S1 in circuitry
200/200’ are respectively controlled by the inverted and
un-inverted main tap signal (inverter 252 producing the
inverted main tap signal). As before, these switches (SO
and S1) control the switching of the larger (main tap)
current through resister 230. The switches Sp0, Sp1,
Sp2, and Sp3 that control the switching of the smaller
pre-emphasis/de-emphasis current through (or at least
in relation to) resistor 230 are controlled variously, de-
pending on what "mode" circuitry 250’ is operating in. For
example, in the high-data-rate "first mode," the mode
control signal causes mux 270’ to select the inverted main
tap signal as its output for controlling switch Sp0. Also in
the first mode, the mode control signal causes mux 272’
to select the un-inverted main tap signal as its output for
controlling switch Sp1. On the other hand, in the low-
data-rate "second mode," the mode control signal causes
mux 270’ to select the inverted pre-tap signal as its output
for controlling switch Sp0; and mode control similarly
causes mux 272’ to select the un-inverted pre-tap signal
for controlling switch Sp1. In all cases (i.e., in both the
first and second modes) switch Sp2 is controlled by the
pre-tap signal, and switch Sp3 is controlled by the invert-
ed pre-tap signal. (The pre-tap signal is inverted by in-
verter 262.)
[0089] It will be seen from this discussion (and earlier
discussion herein) that, for purposes of this disclosure,
pre-tap circuitry like that shown in FIG. 19 operates sim-
ilarly to the earlier-described post-tap circuitry. In partic-
ular, the following statements are true for both the pre-
tap case and the post-tap case: (1) In the low-data-rate
"second mode," if two successive bits are different, the
currents controlled by them add in resistor 230 in circuitry
200’; but if those two bits are the same, the currents con-
trolled by them subtract in resistor 230 in circuitry 200’.
(2) In the high-data-rate "first mode," if two successive
bits are different, only the larger main-tap current flows
through resistor 230 in circuitry 200 (the smaller post-tap
or pre-tap current is diverted away from resistor 230); but
if those two bits are the same, then the currents controlled
by them subtract in resistor 230 in circuitry 200.
[0090] To some extent recapitulating (and in some re-

spects extending) certain aspects of the foregoing, cer-
tain aspects of this disclosure relate to circuitry (e.g., 200,
250) for giving pre-emphasis to each bit (e.g., D0) in a
serial data signal whose data value differs from a data
value of an immediately preceding bit (e.g., D1) in the
serial data signal. The circuitry here being recapitulated
may include first circuitry (e.g., 210, S0, S1, 216, 252)
for causing a first electrical current (e.g., I+Ip) to flow in
a circuit element (e.g., 230) in a direction that is indicative
of the data value of each succeeding bit. The circuitry
here being recapitulated may further include second cir-
cuitry (e.g., 220, Sp0, Sp1, Sp2, Sp3, 226, 262, 270, 272),
responsive to a condition in which one bit (e.g., D0) has
a same data value as the bit (e.g., D1) that immediately
preceded said one bit, for causing a second electrical
current (e.g., 2*Ip) to flow in the circuit element in a di-
rection opposite to the first current. The circuitry here
being recapitulated may still further include third circuitry
(e.g., nodes Vop and Von) for producing a serial data
output signal (e.g., Vout = Vop-Von) based on amount
and direction of net current flow (e.g., (I+Ip) - 2*Ip) in the
circuit element.
[0091] In circuitry as recapitulated above, the above-
mentioned circuit element may comprise a resistor (e.g.,
230). Further, in circuitry as recapitulated above, the first
circuitry may include (1) first current source circuitry (e.g.,
210, 216) for providing the first electrical current (e.g.,
I+Ip); and (2) first switching circuitry (e.g., S0, S1) re-
sponsive to the data value of each succeeding bit for
directing the first electrical current to flow through the
resistor in a first direction when the data value of a bit
has a first binary value, and for directing the first electrical
current to flow through the resistor in a second direction
opposite to the first direction when the data value of a bit
has a second binary value. Still further, in circuitry as
recapitulated above, the second circuitry may include (1)
second current source circuitry (e.g., 220, 226) for pro-
viding the second electrical current (e.g., 2*Ip); and (2)
second switching circuitry (e.g., Sp0, Sp1, Sp2, Sp3) re-
sponsive to the data values of each succeeding bit and
each succeeding bit’s immediately preceding bit for pre-
venting the second electrical current from flowing through
the resistor when the data value of one bit differs from
the data value of said one bit’s immediately preceding
bit (e.g., either both of Sp0 and Sp2 are closed, or both
of Sp1 and Sp3 are closed), and for otherwise directing
the second electrical current to flow through the resistor
in direction opposite to direction of flow of the first elec-
trical current through the resistor (e.g., either both of Sp1
and Sp2 are closed, or both of Sp0 and Sp3 are closed).
[0092] In circuitry as recapitulated above, the above-
mentioned third circuitry may include output connections
(e.g., arrows extending outwardly from Vop and Von) for
indicating a voltage difference across the resistor.
[0093] Circuitry as recapitulated above may further in-
clude optionally usable fourth circuitry (e.g., mux 270 and
272 inputs labelled 0 and selected when mode control is
0), responsive to a condition in which said one bit has a
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different data value than the bit that immediately  preced-
ed said one bit, for causing a third electrical current (e.g.,
2*Ip in FIG. 12, or possibly modified to Ip in FIG. 15) to
flow in the circuit element (e.g., 230) in a same direction
as flow of the first electrical current in the circuit element.
Such circuitry may still further include a memory circuit
element (e.g., 320) for storing and outputting a mode
control signal for controlling whether or not the optionally
usable fourth circuitry is used. Alternatively or in addition,
such circuitry may further include current source circuitry
(e.g., 220, 226) for providing the second electrical current
(e.g., 2*Ip in FIG. 12, or possibly modified to Ip in FIG.
15), and the optionally usable fourth circuitry may include
switching circuitry (e.g., Sp0, Sp1, Sp2, and Sp3) for rout-
ing electrical current from the current source circuitry to
produce the third electrical current.
[0094] In circuitry as recapitulated above, the above-
mentioned first electrical current (e.g., I+Ip) may have
magnitude greater than the above-mentioned second
electrical current (e.g., 2*Ip).
[0095] In certain of its other aspects, the disclosure
may relate to a method (e.g., as in FIG. 18) for giving
pre-emphasis to each bit (e.g., D0) in a serial data signal
whose data value differs from a data value of an imme-
diately preceding bit (e.g., D1) in the serial data signal.
In such a method, when one bit has a different data value
than the bit that immediately preceded said one bit (e.g.,
"no" result from 410 in FIG. 18), the method may include
(e.g., 430 in FIG. 18) producing a serial data output signal
bit (e.g., Vout = Vop-Von) corresponding to said one bit
based on a first electrical current (e.g., I+Ip) that is indic-
ative of the data value of said one bit (e.g., flow direction
of I+Ip through 230 is indicative of data value of D0) and
that is produced without regard for the data value of said
bit that immediately preceded said one bit (e.g., other
current in system is diverted away from 230). Further in
such a method, when said one bit has a same data value
as said bit that immediately preceded said one bit (e.g.,
"yes" result from 410 in FIG. 18), the method may include
(e.g., 420 in FIG. 18) producing said serial data output
signal bit corresponding to said one bit based on said
first electrical current reduced by a second electrical cur-
rent (e.g., 2*Ip flowing through 230 opposite to the flow
direction of I+IP through 230).
[0096] In a method as recapitulated above, the second
electrical current may have magnitude less than magni-
tude of the first electrical current.(e.g., 2*Ip is less than
I+Ip)
[0097] In a method as recapitulated above, the first
electrical current (e.g. I+Ip) may be indicative of the data
value of said one bit (e.g., D0) by direction of flow of the
first electrical current in a circuit element (e.g., 230).
[0098] Further in such a method, when said first elec-
trical current (e.g., I+Ip) is reduced by the second elec-
trical current (e.g., 2*Ip), the second electrical current
may be made to flow in the circuit element (e.g., 230) in
a direction opposite to the direction of flow of the first
electrical current in the circuit element.

[0099] Recapitulating certain other possible aspects of
the disclosure, circuitry (e.g., 200, 200’, 250, 250’) for
giving pre-emphasis to a serial data signal may include
first circuitry (e.g., 210, S0, S1, 216; or 220, Sp2, Sp3,
226) responsive to each successive bit (e.g., D0; or pre-
tap signal) in the serial data signal for causing a first elec-
trical current flow (e.g., direction of flow of I+Ip through
230; or routing of 2*Ip through either Sp2 or Sp3) indic-
ative of said each successive bit. Circuitry as is here be-
ing recapitulated may further include delay circuitry (e.g.,
260) for delaying said each successive bit by one unit
interval ("UT") to produce a succession of delayed bits
(e.g., D1; or main tap signal). Circuitry as is here being
recapitulated may still further include second circuitry
(e.g., 220, Sp2, Sp3, 226; or 210, S0, S1, 216) responsive
to each successive delayed bit for causing a second elec-
trical current flow (e.g., routing of 2*Ip through either Sp2
or Sp3; or direction of flow of I+Ip through 230) indicative
of said each successive delayed bit. Circuitry as is here
being recapitulated may yet further include circuitry (e.g.,
Sp0, Sp1) for making a selection between (1) combining
(e.g., in 230) and (2) not combining (e.g., preventing one
of the first and second currents from flowing through 230)
the first and second current flows such that when the
current flows are combined, successive bits in a serial
data output signal (e.g., Vout = Vop-Vin) are based on
the combined current flows (e.g., in 230), and when the
current flows are not combined, successive bits in the
serial data output signal are based on only one of the
first and second current flows (e.g., in 230).
[0100] In circuitry as is here being recapitulated, the
circuitry for making a selection may be responsive to a
data value of said each successive bit and a data value
of a concurrent delayed bit (e.g., Sp0, Sp1, Sp2, and Sp3
are variously responsive to D0 and D1; or Sp0, Sp1, Sp2,
and Sp3 are variously responsive to pre-tap signal and
main tap signal) such that when said  data values have
a same binary value, the circuitry for selecting selects
combining the first and second current flows (e.g., in 230),
and when said data values have different binary values,
the circuitry for selecting selects not combining the first
and second current flows (e.g., one of those current flows
is allowed to flow through 230, but the other of those
current flows is prevented from flowing through 230).
[0101] In circuitry as is here being recapitulated, the
combining may be subtraction of one of the first and sec-
ond current flows from the other of the first and second
current flows (e.g., I+Ip flows in one direction through
230, while 2*Ip flows in the opposite direction through
230, which results in subtraction of one of these currents
from the other).
[0102] In circuitry as is here being recapitulated, one
of the first and second current flows may be greater than
the other of the first and second current flows (e.g., I+Ip
is greater than 2*Ip).
[0103] In circuitry as is here being recapitulated, the
one of the first and second current flows on which suc-
cessive bits in the serial data output signal are based
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when the current flows are not combined may be greater
than the other of the first and second current flows (e.g.,
I+Ip is greater than 2*Ip).
[0104] Circuitry as is here being recapitulated may fur-
ther include optionally usable circuitry (e.g., mux 270,
270’, 272, 272’ inputs labelled 0 and selected when mode
control is 0) for modifying operation of the circuitry for
making a selection so that the circuitry for making a se-
lection always selects combining (e.g., mode control
equals 0 causes Sp0 to always operate in tandem with
Sp3, and Sp1 to always operate in tandem with Sp2). In
such circuitry, when the optionally usable circuitry causes
the circuitry for making a selection to always select com-
bining, the combining may add the first and second cur-
rent flows when a bit in the serial data signal has a dif-
ferent data value than a concurrent delayed bit (e.g., I+Ip
is added to 2*Ip in 230, or if the current sources are mod-
ified as in FIG. 15, I is added to Ip in 230), and the com-
bining otherwise may subtract the first and second cur-
rent flows from one another (e.g., I+Ip is subtracted from
2*Ip in 230, or if the current sources are modified as in
FIG. 15, I is subtracted from Ip in 230). Alternatively or
in addition, such circuitry may further include a memory
circuit element (e.g., 320) for storing and outputting a
mode control signal for controlling whether or not the op-
tionally usable circuitry is used.
[0105] Recapitulating certain yet other possible as-
pects of the disclosure, circuitry for transmitting a serial
data signal may include circuitry for giving de-emphasis
to a bit that has a same data value as an immediately
preceding bit. This may refer, for example, to circuitry
that causes Vout transitions like DE1 and DE2 in FIG. 14
and like DE1’ and DE2’ in FIG. 16. In this case "de-em-
phasis" refers to a decrease in the absolute value of Vout
from (1) the value Vout had for a bit (D0) when that bit
differed from the immediately preceding bit, to (2) the
value that Vout has when bit D0 becomes bit D1 and the
next bit D0 has the same data value as bit D1. The cir-
cuitry being here recapitulated may further include cir-
cuitry for selectively giving pre-emphasis to a bit that has
a different data value than an immediately preceding bit.
This may refer, for example, to circuitry that causes Vout
transitions like PRE1’, PRE2’, PRE3’, and PRE4’ in FIG.
16. In this case "pre-emphasis" refers to the fact that the
resulting absolute value of Vout is increased by addition
of currents (e.g., I and Ip) that are respectively controlled
by a bit (e.g., D0) and its immediately preceding bit (e.g.,
D1). The circuitry being here recapitulated may further
include circuitry for enabling the circuitry for selectively
giving pre-emphasis only when the serial data signal has
a bit rate that is less than a threshold bit rate. This may
refer, for example, to the circuit elements controlled by
the mode control signal, which switch off the kind of pre-
emphasis mentioned in this paragraph when the bit rate
exceeds the threshold bit rate and the mode control signal
is accordingly set to logic 1.
[0106] Recapitulating certain still other possible as-
pects of the disclosure, circuitry for transmitting a serial

data signal may include circuitry for transmitting selected
bits in the serial data signal with de-emphasis. This may
refer, for example, to circuitry that causes Vout transitions
like DE1 and DE2 in FIG. 14 and like DE1’ and DE2’ in
FIG 16. (See also the corresponding portion of the im-
mediately preceding paragraph for additional discus-
sion.) The circuitry as is being recapitulated in this par-
agraph may further include circuitry for selectively trans-
mitting selected bits in the serial data signal with pre-
emphasis. This may refer, for example, to circuitry that
causes Vout transitions like PRE1’, PRE2’, PRE3’, and
PRE4’ in FIG. 16. (See also the corresponding portion
of the immediately preceding paragraph for additional
discussion.) The circuitry as is being recapitulated in this
paragraph may still further include circuitry for enabling
the circuitry for selectively transmitting only when the se-
rial data signal has a bit rate that is less than a threshold
bit rate. This may refer, for example, to the circuit  ele-
ments controlled by the mode control signal. (See also
the corresponding portion of the immediately preceding
paragraph for additional discussion.)
[0107] It will be understood that the foregoing is only
illustrative of the principles of the disclosure, and that
various modifications falling under the scope of the ap-
pended claims can be made by those skilled in the art.
For example, the particular control logic shown in FIG.
13 or FIG. 19 is only illustrative, and other circuitry that
is basically logically equivalent to what is shown in FIG.
13 or FIG. 19 can be used instead if desired.

Claims

1. A method for giving pre-emphasis to each bit in a
serial data signal whose data value differs from a
data value of an immediately preceding bit in the
serial data signal, the method comprising the steps:

when one bit has a same data value as the bit
that immediately preceded said one bit, produc-
ing a serial data output signal bit corresponding
to said one bit based on a first electrical current
that is indicative of the data value of said one bit
reduced by a second electrical current (420);
characterized in that
when said one bit has a different data value than
the bit that immediately preceded said one bit,
producing said serial data output signal bit cor-
responding to said one bit based on said first
electrical current without regard for the second
electrical current (430).

2. The method defined in claim 1, wherein the second
electrical current has magnitude less than magni-
tude of the first electrical current.

3. The method defined in claim 1, wherein the first elec-
trical current is indicative of the data value of said
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one bit by direction of flow of the first electrical current
in a circuit element.

4. The method defined in claim 3, wherein when said
first electrical current is reduced by the second elec-
trical current, the second electrical current is made
to flow in the circuit element in a direction opposite
to the direction of flow of the first electrical current in
the circuit element.

5. Circuitry for giving pre-emphasis to a serial data sig-
nal comprising:

first circuitry responsive to each successive bit
in the serial data signal for causing a first elec-
trical current flow indicative of said each succes-
sive bit;
delay circuitry for delaying said each successive
bit by one unit interval to produce a succession
of delayed bits; and
second circuitry responsive to each successive
delayed bit for causing a second electrical cur-
rent flow indicative of said each successive de-
layed bit;
characterized by
circuitry for making a selection between com-
bining and not combining the first and second
current flows such that successive bits in a serial
data output signal are based on the combined
current flows when a data value of a respective
successive bit and a data value of a concurrent
delayed bit corresponding to said each succes-
sive bit delayed by one unit interval have the
same binary values, and successive bits in the
serial data output signal are based on only one
of the first and second current flows, when said
data values have different binary values.

6. The circuitry for giving pre-emphasis defined in claim
5, wherein the circuitry for making a selection is re-
sponsive said data values such that when said data
values have a same binary value, the circuitry for
selecting selects combining the first and second cur-
rent flows, and when said data values have different
binary values, the circuitry for selecting selects not
combining the first and second current flows.

7. The circuitry for giving pre-emphasis defined in claim
5, wherein the combining is subtraction of one of the
first and second current flows from the other of the
first and second current flows.

8. The circuitry for giving pre-emphasis defined in claim
5, wherein one of the first and second current flows
is greater than the other of the first and second cur-
rent flows.

9. The circuitry for giving pre-emphasis defined in claim

5, wherein the one of the first and second current
flows on which successive bits in the serial data out-
put signal are based when the current flows are not
combined is greater than the other of the first and
second current flows.

10. The circuitry for giving pre-emphasis defined in claim
5, further comprising:

optionally usable circuitry for modifying opera-
tion of the circuitry for making a selection so that
the circuitry for making a selection always se-
lects combining.

11. The circuitry for giving pre-emphasis defined in claim
10 wherein, when the optionally usable circuitry
causes the circuitry for making a selection to always
select combining, the combining adds the first and
second current flows when a bit in the serial data
signal has a different data value than a concurrent
delayed bit, and the combining otherwise subtracts
the first and second current flows from one another.

12. The circuitry for giving pre-emphasis defined in claim
10 further comprising:

a memory circuit element for storing and output-
ting a mode control signal for controlling whether
or not the optionally usable circuitry is used.

Patentansprüche

1. Verfahren, um jedem Bit in einem seriellen Datensi-
gnal, dessen Datenwert von einem Datenwert eines
unmittelbar vorausgegangenen Bits in dem seriellen
Datensignal differiert, eine Preemphase zu geben,
wobei das Verfahren die folgenden Schritte umfasst:

wenn ein Bit einen gleichen Datenwert aufweist
wie das Bit, das dem einen Bit unmittelbar vor-
ausgegangen ist, Erzeugen eines seriellen Da-
tenausgangssignalbits entsprechend dem ei-
nen Bit auf der Basis eines ersten elektrischen
Stroms, der den Datenwert des einen Bits an-
zeigt, reduziert um einen zweiten elektrischen
Strom (420);
dadurch gekennzeichnet, dass
wenn das eine Bit einen anderen Datenwert auf-
weist als das Bit, das dem einen Bit unmittelbar
vorausgegangen ist, Erzeugen des seriellen Da-
tenausgangssignalbits entsprechend dem ei-
nen Bit auf der Basis des ersten elektrischen
Stroms ohne Berücksichtigung des zweiten
elektrischen Stroms (430).

2. Verfahren nach Anspruch 1, wobei der zweite elek-
trische Strom eine Größe aufweist, die kleiner ist als
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die Größe des ersten elektrischen Stroms.

3. Verfahren nach Anspruch 1, wobei der erste elektri-
sche Strom den Datenwert des einen Bits durch eine
Flussrichtung des ersten elektrischen Stroms in ei-
nem Schaltungselement anzeigt.

4. Verfahren nach Anspruch 3, wobei, wenn der erste
elektrische Strom um den zweiten elektrischen
Strom reduziert wird, veranlasst wird, dass der zwei-
te elektrische Strom in dem Schaltungselement in
einer der Flussrichtung des ersten elektrischen
Stroms in dem Schaltungselement entgegengesetz-
ten Richtung fließt.

5. Schaltungsanordnung, um jedem Bit in einem seri-
ellen Datensignal eine Preemphase zu geben, die
Folgendes umfasst:

eine erste Schaltungsanordnung, die auf jedes
nachfolgende Bit in dem seriellen Datensignal
reagiert, um einen ersten elektrischen Strom-
fluss zu bewirken, der jedes nachfolgende Bit
anzeigt;
eine Verzögerungsschaltungsanordnung zum
Verzögern jedes nachfolgenden Bits um ein Ein-
heitsintervall, um eine Folge von verzögerten
Bits zu erzeugen; und
eine zweite Schaltungsanordnung, die auf jedes
nachfolgende verzögerte Bit reagiert, um einen
zweiten elektrischen Stromfluss zu bewirken,
der jedes nachfolgende verzögerte Bild ange-
zeigt;
gekennzeichnet durch
eine Schaltungsanordnung zum Treffen einer
Auswahl zwischen dem Kombinieren und Nicht-
Kombinieren des ersten und zweiten Stromflus-
ses, so dass nachfolgende Bits in einem seriel-
len Datenausgangssignal auf den kombinierten
Stromflüssen basieren, wenn ein Datenwert ei-
nes jeweiligen nachfolgenden Bits und ein Da-
tenwert eines gleichzeitigen verzögerten Bits,
das dem um ein Einheitsintervall verzögerten
nachfolgenden Bit entspricht, die gleichen binä-
ren Werte aufweisen, und nachfolgende Bits in
dem seriellen Datenausgangssignal nur auf ei-
nem des ersten und zweiten Stromflusses ba-
sieren, wenn die Datenwerte verschiedene bi-
näre Werte aufweisen.

6. Schaltungsanordnung, um eine Preemphase zu ge-
ben, nach Anspruch 5, wobei die Schaltungsanord-
nung zum Treffen einer Auswahl derart auf die Da-
tenwerte reagiert, dass, wenn die Datenwerte einen
gleichen binären Wert aufweisen, die Schaltungsan-
ordnung zum Auswählen das Kombinieren des er-
sten und zweiten Stromflusses wählt, und wenn die
Datenwerte verschiedene binäre Werte aufweisen,

die Schaltungsanordnung zum Auswählen das
Nicht-Kombinieren des ersten und zweiten Strom-
flusses wählt.

7. Schaltungsanordnung, um eine Preemphase zu ge-
ben, nach Anspruch 5, wobei das Kombinieren eine
Subtraktion eines des ersten und zweiten Stromflus-
ses von dem anderen des ersten und zweiten Strom-
flusses ist.

8. Schaltungsanordnung, um jedem Bit eine Preem-
phase zu geben, nach Anspruch 5, wobei einer des
ersten und zweiten Stromflusses größer ist als der
andere des ersten und zweiten Stromflusses.

9. Schaltungsanordnung, um jedem Bild eine Preem-
phase zu geben, nach Anspruch 5, wobei der eine
des ersten und zweiten Stromflusses, auf dem nach-
folgende Bits in  dem seriellen Datenausgangssignal
basieren, wenn die Stromflüsse nicht kombiniert
sind, größer ist als der andere des ersten und zwei-
ten Stromflusses.

10. Schaltungsanordnung, um eine Preemphase zu ge-
ben, nach Anspruch 5, die weiterhin Folgendes um-
fasst:

eine optional verwendbare Schaltungsanord-
nung zum Modifizieren des Betriebs der Schal-
tungsanordnung, um eine Auswahl zu treffen,
so dass die Schaltungsanordnung zum Durch-
führen einer Auswahl immer das Kombinieren
wählt.

11. Schaltungsanordnung, um eine Preemphase zu ge-
ben, nach Anspruch 10, wobei, wenn die optional
verwendbare Schaltungsanordnung bewirkt, dass
die Schaltungsanordnung zum Treffen einer Aus-
wahl immer das Kombinieren wählt, das Kombinie-
ren den ersten und zweiten Stromfluss addiert, wenn
ein Bit in dem seriellen Datensignal einen anderen
Datenwert als ein gleichlaufendes verzögertes Bit
aufweist, und das Kombinieren ansonsten den er-
sten und zweiten Stromfluss voneinander subtra-
hiert.

12. Schaltungsanordnung, um eine Preemphase zu ge-
ben, nach Anspruch 10, die weiterhin Folgendes um-
fasst:

ein Speicherschaltungselement zum Speichern
und Ausgeben eines Modussteuersignals zum
Steuern, ob die optional verwendbare Schal-
tungsanordnung verwendet wird oder nicht ver-
wendet wird.
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Revendications

1. Procédé destiné à conférer une préaccentuation à
chaque bit dans un signal de données sérielles dont
la valeur de données diffère d’une valeur de données
d’un bit immédiatement précédent dans le signal de
données sérielles, le procédé comprenant les éta-
pes ci-dessous consistant à :

lorsqu’un bit présente une valeur de données
identique à celle du bit qui précédait immédia-
tement ledit un bit, produire un bit de signal de
sortie de données sérielles correspondant audit
un bit, sur la base d’un premier courant électri-
que qui est indicatif de la valeur de données du-
dit un bit, réduit par un second courant électrique
(420) ;
caractérisé en ce qu’il consiste à :

lorsque ledit un bit présente une valeur de
données distincte de celle du bit qui précé-
dait immédiatement ledit un bit, produire le-
dit bit de signal de sortie de données sériel-
les correspondant audit un bit sur la base
dudit premier courant électrique, indépen-
damment du second courant électrique
(430).

2. Procédé selon la revendication 1, dans lequel le se-
cond courant électrique présente une amplitude in-
férieure à l’amplitude du premier courant électrique.

3. Procédé selon la revendication 1, dans lequel le pre-
mier courant électrique est indicatif de la valeur de
données dudit un bit par une direction de flux du
premier courant électrique dans un élément de cir-
cuit.

4. Procédé selon la revendication 3, dans lequel lors-
que ledit premier courant électrique est réduit par le
second courant électrique, le second courant élec-
trique est amené à circuler dans l’élément de circuit
dans une direction opposée à la direction de flux du
premier courant électrique dans l’élément de circuit.

5. Montage de circuits destiné à conférer une préac-
centuation à un signal de données sérielles
comprenant :

un premier montage de circuits répondant à cha-
que bit successif dans le signal de données sé-
rielles en vue d’occasionner un premier flux de
courant électrique indicatif dudit chaque bit
successif ;
un montage de circuits à retard destiné à retar-
der ledit chaque bit successif d’un intervalle uni-
taire en vue de produire une succession de bits
retardés ; et

un second montage de circuits répondant à cha-
que bit retardé successif en vue d’occasionner
un second flux de courant électrique indicatif du-
dit chaque bit retardé successif ;
caractérisé par :

un montage de circuits destiné à opérer une
sélection entre combiner et ne pas combi-
ner les premier et second flux de courant,
de sorte que des bits successifs dans un
signal de sortie de données sérielles sont
basés sur le flux de courant combiné lors-
qu’une valeur de données d’un bit successif
respectif et une valeur de données d’un bit
retardé simultané correspondant audit cha-
que bit successif retardé par un intervalle
unitaire présentent les mêmes valeurs bi-
naires, et de sorte que des bits successifs
dans le signal de sortie de données sérielles
sont basés sur un seul des premier et se-
cond flux de courant, lorsque lesdites va-
leurs de données présentent des valeurs bi-
naires distinctes.

6. Montage de circuits destiné à conférer une préac-
centuation selon la revendication 5, dans lequel le
montage de circuits destiné à opérer une sélection
répond auxdites valeurs de données, de sorte que,
lorsque lesdites valeurs de données présentent une
valeur binaire identique, le montage de circuits de
sélection choisit de combiner les premier et second
flux de courant, et lorsque lesdites valeurs de don-
nées présentent des valeurs binaires distinctes, le
montage de circuits de sélection choisit de ne pas
combiner les premier et second flux de courant.

7. Montage de circuits destiné à conférer une préac-
centuation selon la revendication 5, dans lequel la
combinaison correspond à la soustraction de l’un
des premier et second flux de courant de l’autre des
premier et second flux de courant.

8. Montage de circuits destiné à conférer une préac-
centuation selon la revendication 5, dans lequel l’un
des premier et second flux de courant est supérieur
à l’autre des premier et second flux de courant.

9. Montage de circuits destiné à conférer une préac-
centuation selon la revendication 5, dans lequel l’un
des premier et second flux de courant sur lesquels
des bits successifs dans le signal de sortie de don-
nées sérielles sont basés lorsque les flux de courant
ne sont pas combinés est supérieur à l’autre des
premier et second flux de courant.

10. Montage de circuits destiné à conférer une préac-
centuation selon  la revendication 5, comprenant en
outre :
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un montage de circuits utilisable facultativement
destiné à modifier le fonctionnement du monta-
ge de circuits en vue d’opérer une sélection, de
sorte que le montage de circuits destiné à opérer
une sélection sélectionne toujours de mettre en
oeuvre une combinaison.

11. Montage de circuits destiné à conférer une préac-
centuation selon la revendication 10, dans lequel,
lorsque le montage de circuits utilisable facultative-
ment amène le montage de circuits destiné à opérer
une sélection à toujours choisir de combiner, la com-
binaison ajoute les premier et second flux de courant
lorsqu’un bit dans le signal de données sérielles pré-
sente une valeur de données distincte de celle d’un
bit retardé simultané, et sinon la combinaison sous-
trait les premier et second flux de courant l’un de
l’autre.

12. Montage de circuits destiné à conférer une préac-
centuation selon la revendication 10, comprenant en
outre :

un élément de circuit de mémoire destiné à stoc-
ker et à générer en sortie un signal de comman-
de de mode en vue de contrôler si le montage
de circuits utilisable facultativement est utilisé
ou non.
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