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TRANSMITTER CONTROLIN
COMMUNICATION SYSTEMS

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent applications having Ser. Nos. , and
entitled “Interconnection Techniques” and “Cable Intercon-
nection Techniques,” both filed Mar. 9, 2009, inventors Ganga
and Mellitz and incorporates by reference the contents of
those applications in their entirety.

FIELD

[0002] The subject matter disclosed herein relates gener-
ally to techniques to transmit signals.

RELATED ART

[0003] The Institute of Electrical and Electronics Engi-
neers, Inc. (EEE) has defined numerous networking stan-
dards. For example, 10 GBASE-CX4defines signal transmis-
sion at 10 Gbps using four lanes over copper cabling.
Similarly, 10 GBASE-KX4defines signal transmission at 10
Gbpsusing four lanes over backplane whereas 10 GBASE-
KRdefines signal transmission at 10 Gbpsovera single lane
over backplane.
[0004] The evolving IEEE 802.3ba draft 1.1 (2008) stan-
dard defines 40 Gbpsoperation over coppercable. This evolv-
ing standard is also known as 40 GBASE-CR4. Copper
coaxial cables are characterized by frequency dependentloss
and exhibit loss strongly dependent on channellength.Vari-
ous vendors have proposed manners to transmit at 40 Gbps
over coppercable. For example, one implementation involves
useoffixed transmit equalization in compliance with SFP+ as
described in IEFE Std. 802.3ae-2002 and IEEE Std. 802.3aq-
2006. In this implementation, the transmitter circuit is
coupled to a hot pluggable optical cable using a fixed length
printed circuit board trace. Fixed transmit equalization
involves establishing a desired eye opening at a transmitter
side. An eye diagram represents transitions of a signal. The
more open an eye diagram, the less likelihoodthe signal will
be misread. However, because coppercable length varies, this
schemeleads to varying voltage levels and eye patternsat the
receiver. Different eye openings at the receiver can lead to
errors in reading received data.
[0005] Another approach to reproducing received signals
includes use ofan analogfilter at the receiver (e.g., a continu-
ous-time linear equalizer (CTLE)). However, this approach
provides suboptimal eye opening characteristics at the
receiver. Yet another approach involves use of an analog-to-
digital converter (A/D) and digital signal processor at the
receiver. However, this approach uses high powerand is com-
plicated to implement.
[0006] It is desirable to develop techniques to provide
acceptable received signal performance over coppercable at
speeds over 10 Gbps such as at 40 Gbps.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the present invention are illus-
trated by way ofexample, and not by wayoflimitation, in the
drawings and in whichlike reference numerals refer to similar
elements.

[0008] FIG. 1 depicts a system, in accordance with an
embodiment.
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[0009] FIG. 2 depicts an example of a transmitter equalizer
defined by FIG. 72-11 of IEEE Std 802.3ap-2007.

DETAILED DESCRIPTION

[0010] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodimentis includedin at least one embodiment

of the present invention. Thus, the appearancesofthe phrase
“in one embodiment”or “an embodiment”in various places
throughoutthis specification are not necessarily all referring
to the same embodiment. Furthermore, the particular fea-
tures, structures, or characteristics may be combinedin one or
more embodiments.

[0011] Various authors have expressed that use ofmultiple
cables to increase the rate of data transmission may incur
cross talk among signals on the cables and lead to unaccept-
able performance. For example, slide 10 of Cole, “Nx10G
ElectricalI/O Issues,” IEEE 802.3 Higher Speed Study Group
(November 2007) indicates that cross talk from adjacent con-
ductors, traces, and connectors may lead to unacceptable
performance. However, embodiments described herein may
exhibit acceptable bit error rates when IEEE 802.3ap (2007)
is applied across multiple adjacent conductors.
[0012] FIG. 1 depicts a system, in accordance with an
embodiment. System 100 includes transmitters 110-A and
110-B and respective complementary receivers 150-A and
150-B. Transmitter 110-A andreceiver 150-A are part of the
same remote device whereas transmitter 110-B and receiver

150-B are part of the same local device. A receiver may
request to adjust equalizer settings of each transmitter from
which the receiver receives signals. For example, receiver
150-A mayrequest to adjust equalizer settings of transmitter
110-B. Transmitter 110-A and receiver 150-A operate in a
similar manneras that oftransmitter 110-B and receiver 150-
B.

[0013] For 40 Gbps operation, the transmitter-receiver
pairs can be replicated four timesfor receipt ofsignals on four
lanes. For 100 Gbpsoperation, the transmitter-receiver pairs
can be replicated ten times for receipt of signals on ten lanes.
Signals from transmitter-receiver pair channel can be trans-
mitted independently so that each lane operates indepen-
dently. The numberofpairs can be increased to achieve any
higher multiple of the basic signaling rate. Also, the basic
signaling rate may be higheror lowerthan that specified by 10
GBASE-KR.

[0014] Electrical transmit and receive specifications of
transmitter-receiver pairs may be based on clause 72.7.1 of
TEBE802.3badraft 1.1 (2008). Combining signals from mul-
tiple lanes can be accomplishedat a logic level as defined in
IEEE 802.3ba draft 1.1 (2008).
[0015] Receiver 150-B includes clock and data recovery
logic 152, remote transmit (TX) adaptation engine 154, con-
trol channel decoder 156, and transmit control 158. Clock and
data recovery logic 152 mayrecover a clock from a signal
received from transmitter 110-A and manipulate the data
(e.g., through filtering or adaptive or fixed equalization) to
recover the data which wastransmitted by transmitter 110-A.
Clock and data recovery logic 152 mayreproduce a data
signal from a signal received from transmitter 110-A and
generate anerror signal.
[0016] Control channel decoder 156 is a decoder which
deciphers the answers (e.g., UPDATED, NOT UPDATED,
MIN, OR MAX)received from remote transmitter 110-A
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generated in response to requests from transmitter 110-B to
adjust equalizer settings of remote transmitter 110-A. Table
72-5, FIG. 72-6, and clauses 72.6.10.2.4, 72.6.10.2.5, 72.7.1.
11 in IEEE Std 802.3ap provide examples of some answers
from remote transmitter 110-A. Control channel decoder 156

transfers the answers to remote TX adaptation engine 154.
[0017] Control channel decoder 156 may also decipher the
requests from a remote device to changethe settings of trans-
mitter equalizer 114 of transmitter 110-B (e.g., increment a
tap gain). Control channel decoder 156 maypass the requests
to TX control block 158. TX control block 158 may produce
answers to requests from a remote device. TX control block
158 mayinsert the answersinto the control channel for trans-
mission to the remote device by transferring requests to con-
trol channel encoder 112.

[0018] Control channel encoder 112 inserts requests and
answersinto the control channel, in order to send them to the
remote partner. Control channel decoder 156 may try to
change the settings of transmit equalizer 114 per requests
from a remote device, if possible.
[0019] Transmit equalizer 114 mayinclude a 3-tap transmit
FIR driving the analog front-end, as described in 802.3ap
(2007). For example, an embodimentof transmit equalizeris
depicted in FIG.2.
[0020] Some implementations of transmit equalizers may
have a bank ofN predefined(or arbitrary) transmit equalizers
of any form (e.g., Continuous-Time Linear Equalizers
(CTLE), finite impulse responsefilter, and Digital Infinite
Impulse Response (IIR)filter), and apply a protocol which
scans, while handshaking, between all the equalizersettings,
and chooses the best equalizer in the remote transmitter for
the receiver.

[0021] Referring again to receiver 150-B, remote transmit
(TX) adaptation engine 154 may determine howto adapt the
equalizer of remote transmitter 110-A based in part on the
error signal and the received data from clock and data recov-
ery 152 and an answer from control channel decoder 156.
Remote TX adaptation engine 154 passes the adaptation
requirements to control channel encoder 112 of transmitter
110-B. Control channel encoder 112 inserts these requests
into the control channel to send them to receiver 150-A for
transfer to transmitter 110-A.

[0022] In one embodiment, a receiver 150-A adjusts the
equalization applied by a complementary transmitter 110-A
using a control channel described with regard to the 10
GBASE-KR PMDcontrol function as defined in clause 72.6.

10 of IEEE Std 802.3ap-2007. Of note, 10 GBASE-KRis
defined in IEEE Std 802.3ap-2007 for backplane but not
cable. Establishing equalizer settings may take place after
auto-negotiation (described later) successfully completes in
orderfor the receiver to know the numberoftransmit-receive

pairs.
[0023] Insome embodiments, twin axial cables can be used
as a medium between complementary transmitter and
receiver pair. A twin axial cable may include two coaxial
cables, with one coaxial cable for transmit direction and
another coaxial cable for receive direction. For 40 Gbpssig-
nal transmission, eight coaxial cables are used, namely four
for the transmit direction and four for the receive direction.

However, other types ofcable types may be used provided the
specifications of clauses 85.10 and 85.11 of IEEE 802.3ba
draft 1.1 (2008) are met. Cables with metal conductors other
than copper can be used(e.g., any alloy suchasbut not limited
to silver or platinum). Optical single and multimode cables
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can be used. Optical cables can be usedin active cable assem-
blies. Active meansthere are electrical to optical converters in
the cable assembly at each end. An equalization setting may
be applied for each length of cable between complementary
transmitter and receiverpairs.
[0024] Various embodiments of system are capable of
transmitting signals at least at 40 Gbps in compliance with 40
GBASE-CR4.

[0025] FIG. 2 depicts an example of a transmitter equalizer
defined by FIG. 72-11 of IEEE Std 802.3ap-2007. The feed
forward equalizer (FFE) structure is described at clauses
72.7.1.10 and 72.7.1.11 of IEEE Std 802.3ap-2007. In this
example, UI represents a clock cycle, C(1) represents a gain
applied to a bit two clock cycles ago, C(O) represents a gain of
a bit one clock cycle ago, and C(-1) represents a gain of the
current bit. An output from the transmitter equalizer is a sum
ofweighted bits. For example, receiver 150-B may control the
gains C(-1), C(O), and C(1). For example, remote transmit
adaptation engine 154 (FIG. 1) may requestto adjustthe gains
of the transmitter equalizer.
[0026] linear optical modules, standard IEEE 802.3aq
(LRM)defines how to perform equalization at receiver to
combatinter-symbolinterference at receiver. Equalizerset-
tings at linear optical modules of a transmitter may be
adjusted to adjust an eye at the receiver side using techniques
described herein.

[0027] Adaptive transmit equalization enables enhanced
performance comparedto fixed equalization. For example,
margins for noise (including crosstalk) and jitter may be
better for adaptive transmit equalization than those of fixed
equalization. Adaptive transmit equalization may permit a
broader range of cable lengths and supported tolerances. In
addition, adaptive transmit equalization may provide a sim-
plified receiver design as compared to a system with a fixed
transmitter equalizer and any form ofadaptive receiver equal-
izer, e.g., equalization in the digital domain after analog to
digital conversion, thereby resulting in reduced power con-
sumption. In addition, adaptive transmit equalization may
save powerin the transmitter by using power back-off, e.g.,
for short channels. As part of the equalization, the signal
powerat the receiveris implicitly known andthe signal power
at the receiver can be used to request the transmitter to reduce
its power.
[0028] Embodiments of the present invention may be pro-
vided, for example, as a computer program product which
may include one or more machine-readable media having
stored thereon machine-executable instructions that, when
executed by one or more machines such as a computer, net-
work of computers, or other electronic devices, may result in
the one or more machines carrying out operations in accor-
dance with embodimentsofthe present invention. A machine-
readable medium may include, but is not limited to, floppy
diskettes, optical disks, CD-ROMs (Compact Disc-Read
Only Memories), and magneto-optical disks, ROMs (Read
Only Memories), RAMs (Random Access Memories),
EPROMs(Erasable Programmable Read Only Memories),
EEPROMs(Electrically Erasable Programmable Read Only
Memories), magnetic or optical cards, flash memory,or other
type ofmedia/machine-readable medium suitable for storing
machine-executable instructions.

[0029] The drawings and the forgoing description gave
examples of the present invention. Although depicted as a
numberof disparate functional items, those skilled in theart
will appreciate that one or more of such elements may well be
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combinedinto single functional elements. Alternatively, cer-
tain elements may besplit into multiple functional elements.
Elements from one embodiment maybe added to another
embodiment. For example, orders of processes described
herein may be changed and are not limited to the manner
described herein. Moreover, the actions of any flow diagram
need not be implementedin the order shown;nordoall of the
acts necessarily need to be performed.Also, those acts thatare
not dependenton other acts may be performedinparallel with
the other acts. The scopeofthe present invention, however,is
by no meanslimited by these specific examples. Numerous
variations, whetherexplicitly given in the specification ornot,
such as differences in structure, dimension, and use of mate-
rial, are possible. The scope of the invention is at least as
broad as given by the following claims.

1. A method comprising:
receiving a first signal fromafirst lane;
determiningfirst equalizer settings of a first transmitter of

the first signal based in part on clock and data recovery
ofthe first signal, wherein the first equalizer used by the
first transmitter is in compliance with one or more of
clauses 72.7.1.10 and 72.7.1.11 of IEEE Std 802.3ap-
2007;

requesting adjustment of first equalizer settings using a
control channel in compliance with a 1OGBASE-KR
PMDcontrol function defined in clause 72.6.10 ofIEEE

Std 802.3ap-2007;
receiving a second signal from a secondlane;
determining second equalizer settings of a second trans-

mitter of the second signal based in part on clock and
data recovery of the second signal; and

forming a third signal by combining contents of the
received first and second signals, wherein
an aggregate transmission rate of signals transmitted

over the multiple lanes is approximately a number of
lanes times a transmission rate specified in
10GBASE-KRofIEEE 802.3ap (2007) and

electrical characteristics ofthe first and second transmit-

ters are in compliance with clause 72.7.1 of IEEE Std
802.3ap-2007.

2. The method of claim 1, wherein the receiving thefirst
and second signals comprise receiving the first and second
signals in compliance with electrical characteristics of clause
72.7.1 of IEEE Std 802.3ap-2007.

3. The method of claim 1, wherein the receiving thefirst
and second signals comprise:

receiving the first and second signals over a conductive
material, wherein the conductive material includes two
differential pairs.

4. (canceled)
5. The methodof claim 1, further comprising:
receiving an indication of whetherthe first equalizer set-

tings were applied.
6. (canceled)
7. A system comprising:
a first transmitter comprising an equalizer, wherein the

equalizer is in compliance with one or more of clauses
72.7.1.10 and 72.7.1.11 of IEEE Std 802.3ap-2007;

asecond transmitter comprising an equalizer, wherein the
equalizer is in compliance with one or more of clauses
72.71.10 and 72.7.1.11 of IEEE Std 802.3ap-2007,
wherein electrical characteristics of the first and second

transmitters are in compliance with clause 72.7.1 of
IEEE Std 802.3ap-2007;
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a first receiver;

a second receiver;

logic to form a third signal by combining content from the
first and second signals; and

at least two sets of differential conductors to communica-

tively couplethefirst transmitter to the first receiver and
to communicatively couple the second transmitter to the
secondreceiver, wherein each ofthe at least two sets of
conductors are capable of signal transmission in accor-
dance with 1OGBASE-KRof IEEE Std 802.3ap-2007,
wherein

the first receiver comprises:

logic to receive a first signal from thefirst transmitter;

logic to determinefirst equalizer settings of the first
transmitter based in part on clock and data recovery
ofthefirst signal;

logic to request to adjustfirst equalizer settings ofthe first
transmitter using a control channel in compliance with
10GBASE-KR PMDcontrol function defined in clause

72.6.10 of IEEE Std 802.3ap-2007;

the second receiver comprises:

logic to receive a secondsignal from the secondtrans-
mitter;

logic to determine second equalizer settings of the
second transmitter based in part on clock and data
recovery of the second signal;

logic to request to adjust equalizer settings of the
second transmitter using a control channel in com-
pliance with 1OGBASE-KR PMDcontrol function
defined in clause 72.6.10 of IEEE Std 802.3ap-
2007; and

an aggregate transmission rate of signals transmitted
between transmitter-receiver pairs is approxi-
mately a numberoftransmitter-receiverpairs times
a transmission rate specified in 1OGBASE-KRof
IEEE 802.3ap (2007).

8. The system of claim 7, wherein the second transmitter
further comprises:

logic to transmit the first equalizer settings to the second
receiver to request to adjust equalizersettingsofthefirst
transmitter.

9. The system of claim 8, wherein thefirst receiver com-
prises:

logic to receive an indication of whether the transmitted
first equalizer settings were appliedbythefirst transmit-
ter.

10. The system ofclaim 7, wherein the equalizer of thefirst
transmitter comprises a feed forward equalizer and wherein
the first transmitter comprises:

a control channel encoder to encode control signals for
transmissionto a thefirst receiver.

11. The system of claim 7, wherein thefirst receiver com-
prises:

clock and data recovery logic to receive a signal and deter-
mineerror propertiesofthe first signal,

control channel decoder to decode control signals from the
first transmitter,

remote transmit adaptation engine to determine equalizer
settings of the equalizerofthe first transmitter based in
part on the error properties and the control signals, and
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a transmit control logic to request to adjust the settings 18. The system of claim 7, wherein the second transmitter
applied by the equalizerof the first transmitter. includes a Continuous-Time Linear Equalizer (CTLE), finite

12-15. (canceled) impulse responsefilter, and digital infinite impulse response
16. The system ofclaim 7, wherein the equalizer ofthe first—_filter, and wherein the first transmitter requests an equalizer

transmitter comprises a finite impulse responsefilter. used in the second transmitter.
17. The system ofclaim 7, wherein the equalizerofthefirst

transmitter comprises a feed forward equalizer. ee


