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(57) ABSTRACT 

A method, system, and a computer usable program code for 
reducing the effects of intersymbol interference in a high 
speed data transmission using various steps. First, a training 
sequence is established between a transmitter operably con 
nected by a conductor to a receiver. Data is analyzed at the 
receiver. Transition bits following a stable data stream are 
skewed by the transmitter. When data is received at the 
receiver, the variable transition time for the transition bits is 
adjusted by the transmitter to optimize timing and reduce 
timing effects of intersymbol interference. 
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POLYMERIZATION OF MACROCYCLIC 
POLYESTER OLIGOMERS USING 

N-HETEROCYCLIC CARBENE CATALYSTS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/626,189, ?led Nov. 9, 2004, 
Which is incorporated in its entirety as a part hereof for all 
purposes. 

TECHNICAL FIELD 

[0002] This invention relates to the polymerization of 
macrocyclic polyester oligomers. More particularly, it 
relates to a genus of catalysts for such polymeriZations that 
provide rapid polymerization With high monomer conver 
sion, producing high molecular Weight, mechanically sound 
polymer. 

BACKGROUND 

[0003] Linear thermoplastic polyesters such as poly(alky 
lene terephthalate) are generally knoWn and commercially 
available Where the alkylene typically has 2 to 8 carbon 
atoms. Linear polyesters have many valuable characteristics 
including strength, toughness, high gloss and solvent resis 
tance. Linear polyesters are conventionally prepared by the 
reaction of a diol With a dicarboxylic acid or its functional 
derivative, typically a diacid halide or diester. Linear poly 
esters may be fabricated into articles of manufacture by a 
number of knoWn techniques including extrusion, compres 
sion molding and injection molding. 

[0004] Recently, macrocyclic polyester oligomers Were 
developed Which have unique properties that make them 
attractive as matrices for engineering thermoplastic 

BACKGROUND OF THE INVENTION 

[0005] 1. Technical Field 

[0006] The present invention is directed generally toWard 
data processing and particularly, to a method and system, for 
reducing the timing effects of intersymbol interference in 
high-speed data transmissions. 

[0007] 2. Description of the Related Art 

[0008] High speed serial data transfer has groWn progres 
sively more important in recent years because of techno 
logical improvements and high-speed computing require 
ments. Complex computer softWare, circuitry, and 
peripherals as Well as ever-increasing bandWidth and pro 
cessing speeds have made reliable high-speed data trans 
missions crucial. As a result, it has become increasingly 
dif?cult to maintain signal integrity Within technical and cost 
requirements. 
[0009] Data transmission lines inherently have some resis 
tance as Well as parasitic inductance and capacitance that 
have degrading effects on high-speed serial transmissions. 
The longer the line, the more pronounced the effects on a 
transmission signal and the more dif?cult it is to properly 
sample the data. High-speed serial transmission may be 
seriously affected by the effects of intersymbol interference 
(ISI). Intersymbol interference in a digital transmission 
system is distortion of the received signal in Which the 
distortion may prevent a receiver of the signal from being 
able to correctly distinguish betWeen changes of state 
betWeen individual signal elements. 
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[0010] For example, deterministic jitter and signal ampli 
tude degradation are tWo types of intersymbol interference. 

[0011] First, deterministic jitter is interference or distor 
tion of a transmission signal that can induce errors and loss 
of data on a transmission line because of the slight move 
ment of a transmission signal in time or phase from its 
reference timing position. Decreasing tolerance for jitter in 
terms of technical speci?cations and cost has made jitter an 
important issue. 

[0012] Second, signal amplitude degradation results When 
the transmission line charges during long periods of stable 
data due to parasitic capacitance. The charge reduces the 
achievable amplitude for successive high frequency transi 
tion bits folloWing a long steady state pulse, increasing data 
decoding errors and loss of data. 

[0013] A current solution to intersymbol interference is a 
procedure called pre-emphasis or de-emphasis at the trans 
mitter. Emphasis is an intentional reduction in amplitude in 
order to reduce the charging effects that give rise to 
intersymbol interference. Emphasis alloWs the originating 
signal to be changed or modi?ed at the transmitter to 
improve signal quality at the receiver after it has passed 
through the electrical channel connecting transmitter and 
receiver. Emphasis reduces intersymbol interference but 
does not eliminate this type of interference. 

[0014] The problem is further complicated depending on 
the operational environment Which is affected by many 
elements including conductor composition, cabling, and 
interconnections. Errors commonly occur When data trans 
ferred betWeen the transmitter and receiver has a steady state 
stream of bits either logic high or logic loW folloWed by 
?uctuating high frequency data. As a result, intersymbol 
interference continues to be a problem in high-speed serial 
data transmissions. 

SUMMARY OF THE INVENTION 

[0015] A method, system, and computer usable program 
code for reducing the timing effects of intersymbol interfer 
ence in a high-speed data transmission using various steps. 
First, a training sequence is established betWeen a transmit 
ter operably connected by a conductor to a receiver. Data is 
analyZed at the receiver. Transition bits folloWing a stable 
data stream are skeWed by the transmitter. When data is 
received at the receiver, the variable transition time for the 
transition bits is adjusted by the transmitter to optimiZe 
timing and reduce the timing effects of intersymbol inter 
ference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself hoWever, as Well as a preferred mode of use, further 
objects and advantages thereof, Will best be understood by 
reference to the folloWing detailed description of an illus 
trative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0017] FIG. 1 is a pictorial representation of a data 
processing system in Which aspects of the present invention 
may be implemented; 

[0018] FIG. 2 is a block diagram of a data processing 
system shoWn in Which the present invention may be imple 
mented; 
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[0019] FIG. 3 is a block diagram of a transmitter and 
receiver system in Which aspects of the present invention 
may be implemented; 

[0020] FIG. 4 is a prior art circuit model for analyzing a 
transmission line; 

[0021] FIG. 5 is a prior art simpli?ed circuit model for 
analyzing a transmission line; 

[0022] FIG. 6 is a block diagram of a transmitter in 
accordance With an illustrative embodiment of the present 
invention; 
[0023] FIG. 7 is a block diagram of a receiver in accor 
dance With an illustrative embodiment of the present inven 
tion; 
[0024] FIG. 8 is a timing diagram of a received signal due 
to intersymbol interference and an ideal clock in accordance 
With an illustrative embodiment of the present invention; 

[0025] FIG. 9 is a timing diagram of transmitted data With 
time shifted bits compensating for intersymbol interference, 
received data, and ideal clock in accordance With an illus 
trative embodiment of the present invention; 

[0026] FIG. 10 is a timing diagram of transmitted data 
With emphasis and time shifted bits compensating for 
intersymbol interference, received data, and ideal clock in 
accordance With an illustrative embodiment of the present 
invention; 
[0027] FIG. 11 is a ?owchart illustrating the operation of 
a system for training a transmitter to transmit a signal With 
proper time skeW in accordance With an illustrative embodi 
ment of the present invention; and 

[0028] FIG. 12 is a ?owchart illustrating the operation of 
a receiver in accordance With an illustrative embodiment of 
the present invention. 

DETAILED DESCRIPTION 

[0029] With reference noW to the ?gures and in particular 
With reference to FIG. 1, a pictorial representation of a data 
processing system in Which the aspects of the present 
invention may be implemented. Computer 100 is depicted 
Which includes system unit 102, video display terminal 104, 
keyboard 106, storage devices 108, Which may include 
?oppy drives and other types of permanent and removable 
storage media, and mouse 110. Additional input devices may 
be included With personal computer 100, such as, for 
example, a joystick, touchpad, touch screen, trackball, 
microphone, and the like. Although the depicted represen 
tation shoWs a computer, other embodiments of the present 
invention may be implemented in other types of data pro 
cessing systems, such as a netWork computer. Computer 100 
also preferably includes a graphical user interface (GUI) that 
may be implemented by means of systems softWare residing 
in computer readable media in operation Within computer 
100. 

[0030] With reference noW to FIG. 2, a block diagram of 
a data processing system is shoWn in Which the present 
invention may be implemented. Data processing system 200 
is an example of a computer, such as computer 100 in FIG. 
1, in Which code or instructions implementing the processes 
of the present invention may be located. Data processing 
system 200 employs a peripheral component interconnect 
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(PCI) local bus architecture. Although the depicted example 
employs a SAS and PCI bus, other bus architectures and 
standards such as Serial Advanced Technology Attachment 
(SATA) interface, Accelerated Graphics Port (AGP), and 
Industry Standard Architecture (ISA) may be used. Proces 
sor 202 and main memory 204 are connected to PCI local 
bus 206 through PCI bridge 208. A controller as used herein 
may refer generally to a processing element or an applica 
tion speci?c integrated circuit (ASIC) or the combination 
thereof. 

[0031] PCI bridge 208 also may include an integrated 
memory controller and cache memory for processor 202. 
Additional connections to PCI local bus 206 may be made 
through direct component interconnection or through add-in 
connectors. In the depicted example, local area netWork 
(LAN) adapter 210, small computer system interface SCSI 
host bus adapter 212, and expansion bus interface 214 are 
connected to PCI local bus 206 by direct component con 
nection. In contrast, audio adapter 216, graphics adapter 
218, and audio/video adapter 219 are connected to PCI local 
bus 206 by add-in boards inserted into expansion slots. 
Expansion bus interface 214 provides a connection for a 
keyboard and mouse adapter 220, modern 222, and addi 
tional memory 224. SCSI host bus adapter 212 provides a 
connection for hard disk drive 226, tape drive 228, and 
CD-ROM drive 230. Hard disk drive 226 and CD-ROM 
drive 230 may use, for example, a serial advanced technol 
ogy attachment (SATA) interface, or serial attached small 
computer system interface (SAS). Typical PCI local bus 
implementations Will support three or four PCI expansion 
slots or add-in connectors. 

[0032] An operating system runs on processor 202 and 
coordinates and provides control of various components 
Within data processing system 200 in FIG. 2. Instructions 
for the operating system, the object-oriented programming 
system, and applications or programs are located on storage 
devices, such as hard disk drive 226, and may be loaded into 
main memory 204 for execution by processor 202. The 
processes of the present invention are performed by proces 
sor 202 using computer implemented instructions, Which 
may be located in a memory such as, for example, main 
memory 204, additional memory 224, or in one or more 
peripheral devices. 

[0033] Those of ordinary skill in the art Will appreciate 
that the hardWare in FIGS. 1-2 may vary depending on the 
implementation. Other internal hardWare or peripheral 
devices, such as ?ash memory, equivalent non-volatile 
memory, or optical disk drives and the like, may be used in 
addition to or in place of the hardWare depicted in FIGS. 
1-2. Also, the processes of the present invention may be 
applied to a multiprocessor data processing system. 

[0034] In some illustrative examples, data processing sys 
tem 200 may be a personal digital assistant (PDA), Which is 
con?gured With ?ash memory to provide non-volatile 
memory for storing operating system ?les and/ or user 
generated data. A bus system may be comprised of one or 
more buses, such as a system bus, an I/ O bus and a PCI bus. 
Of course the bus system may be implemented using any 
type of communications fabric or architecture that provides 
for a transfer of data between different components or 
devices attached to the fabric or architecture. A communi 
cations unit may include one or more devices used to 
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transmit and receive data, such as a modem or a network 
adapter. A memory may be, for example, main memory 204 
or a cache memory. A processing unit may include one or 
more processors or CPUs. The depicted examples in FIGS. 
1-2 and above-described examples are not meant to imply 
architectural limitations. For example, data processing sys 
tem 200 also may be a tablet computer, laptop computer, or 
telephone device in addition to taking the form of a PDA. 

[0035] The different embodiments of the present invention 
provides a method and system that alloWs data following a 
steady state stream of bits to be time skeWed by the 
transmitter so that the data is received by the receiver When 
expected. A steady state stream as herein de?ned is either a 
stream of logic high, 1, or logic loW, 0, bits that come 
consecutively in the form of an extended pulse or stream of 
consecutive bits. Depending on the applicable transmission 
protocol or rule, the maximum number of steady state bits in 
a single group varies. The number of bits that must be 
skeWed by the transmitter and the skeW amount depends on 
the number of steady state bits transmitted and their relation 
to the transition from the steady state stream. High fre 
quency bits folloWing the steady state bits are herein referred 
to as transition bits. Variable transition timing establishes the 
amount each transition bit should be skeWed, based on a 
training sequence betWeen the transmitter and receiver in 
order to reduce the effective jitter and timing delay seen at 
the receiver. The present invention is particularly applicable 
to gigahertZ serial data transmissions. 

[0036] FIG. 3 is a block diagram of a transmitter and 
receiver system in Which aspects of the present invention 
may be implemented. Transmitter 302 and receiver 304 are 
interconnected by conductor 306. In illustrative embodi 
ments of the present invention, any number of host and 
target combinations may be used for transmitter 302 and 
receiver 304. For example, transmitter 302 may be any of a 
host bus adapter (HBA), root complex, Ethernet host, a Fibre 
sWitch, or other transmitting host. The receiving device may 
be a host bus adapter, expander, peripheral component 
interconnect (PCI) express device, Ethernet target, Fibre 
sWitch, or other receiving target. Transmitter 302 may be 
integrated or interconnected With a bus interface such as PCI 
bridge 208 of FIG. 2, and receiver 304 may be an expander 
or host bus adapter such as SCSI host bus adapter 212 of 
FIG. 2. 

[0037] Transmitter 302 and receiver 304 may be used to 
interconnect any number of devices. For example, transmit 
ter 302 and receiver 304 may indirectly interconnect a 
processor of a computer With a high-speed disk drive by 
means of a serial cable. Other types of drives may send and 
receive data using the method of transmitter 302 and 
receiver 304 herein described. In another example, conduc 
tor 306 may be a backplane of a motherboard connecting 
embedded or module components. 

[0038] In one embodiment of the present invention, trans 
mitter 302 and receiver 304 may establish a link Wherein 
transmitter 302 and receiver 304 can communicate With one 
another. The link is used to train transmitter 302 to send a 
modi?ed signal in order to reduce the timing effects of 
intersymbol interference and errors at receiver 304. Receiver 
304 analyZes the time differential or delta from the ideal 
delay in receiving bits after a steady state stream of bits. 
Receiver 304 may use various techniques to analyZe the time 
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delay and received bits including using a phase-locked loop 
and oversampling. This data may be relayed back to the 
transmitter in order to compensate by phase shifting or 
transmitting the bits earlier than expected. Receiver 304 may 
analyZe the transmitted signal to quantify parameters such as 
eye-diagram openings, edge-speeds, and poWer or voltage 
levels in order to instruct transmitter 302 hoW to send a 
signal With a loW bit-error-ratio. Receiver 304 may receive 
and interpret data so long as minimum signal performance 
parameters are met. 

[0039] The training sequence or link preferably occurs 
before any operating system is even aWare of the sequence. 
For example, most transmission protocols utiliZe some type 
of out-of-band (OOB) sequence to establish a connection at 
device start up. The out-of-band sequence typically involves 
speed negotiation if the different devices are capable of 
multiple speeds. Once a link is established betWeen devices 
at start up, there is typically a relatively large dead time 
during Which the devices are Waiting for the operating 
system to boot and other systems to initialiZe. It is during 
this unused start up time When only idle data is being 
transferred betWeen connected devices that a training 
sequence may occur. 

[0040] In an illustrative embodiment, a training sequence 
may occur even if receiver 304 is unaWare or unable to 

participate. For example, most high-speed serial receivers 
304 implement protocols that provide a hardWare error 
recovery method and signal that signals back to transmitter 
302 that the data just sent Was improperly received and that 
the data needs to be resent. Transmitter 302 may modify and 
compensate for the timing effects of intersymbol interfer 
ence based on the error message from receiver 304. In 
another illustrative embodiment, the serial communications 
betWeen transmitter 302 and receiver 304 are full duplex 
alloWing each to compensate for the effects of intersymbol 
interference during start up or at any time. 

[0041] In many cases, communications standards, trans 
mission protocols, or encoding schemes such as 8bl0b are 
used to govern serial transmissions. 8bl0b is an industry 
standard data transfer protocol for serial links established by 
the Institute of Electronics and Electrical Engineers (IEEE) 
as IEEE 802.3 §36.2.4. 8bl0b speci?es that information to 
be transmitted across a physical link, such as conductor 306, 
is encoded eight bits at a time into a 10-bit transmission 
character and then transmitted serially bit by bit across the 
link. Information received over the link is collected ten bits 
at a time and those transmission characters that are used for 
data, called data characters, shall be decoded into the correct 
eight bit codes. The encodings de?ned by the transmission 
code ensure that suf?cient transitions are present in the serial 
bit stream to make clock recovery possible at the receiver. 
Such encodings also greatly increases the likelihood of 
detecting any single or multiple bit errors that may occur 
during transmission and reception of information. For 
example, in the case Where the 8bl0b standard is applicable, 
the maximum stable data stream is set at ?ve bit times. The 
stable data stream or steady state stream is a portion of a data 
signal in Which the signal is logic high or logic loW for tWo 
or more data bits or is high or loW for suf?cient time to 
charge or discharge the parasitic capacitance of the trans 
mission line. For example, under the 8bl0b standard the 
steady state stream could be high for a maximum of ?ve bits 
before a transition must necessarily occur. 
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[0042] As a result, transmitter 302 and receiver 304 only 
need to adjust for steady state streams of betWeen tWo to ?ve 
bits. In most cases, the effects of intersymbol interference 
clear up by the third pulse, and as a result, the variable 
timing following a steady state bit stream only needs to be 
done for three bits. 

[0043] FIG. 4 is a prior art circuit model for analyzing a 
transmission line. In transmission line 400, series resistors 
402 represent the direct current (DC) resistance of conduc 
tors 404, While inductors 406 and capacitors 408 represent 
the alternating current (AC) reactance of transmission line 
400. Conductors 404 as herein de?ned is any Wire, path, 
trace, backplane, etch, pad, channel, medium, or material 
that alloWs an electric data transmission to pass through it in 
the form of transmission line 400. The parallel capacitance 
of capacitors 408 and series inductance of inductors 406 are 
parasitic effects inherent in all transmission lines, due to 
their design, construction, and imperfections. 

[0044] Any transmission line 400 Will have a degrading 
effect on high-speed serial data streams. Furthermore, the 
longer transmission line 400, the more these effects add up. 
Intersymbol interference becomes an increasingly dif?cult 
issue because of parasitic capacitance from capacitors 408. 

[0045] FIG. 5 is a prior art simpli?ed circuit model for 
analyzing a transmission line. Transmission line 500 has 
series resistance Within conductors 502 represented by resis 
tor 504 and parallel capacitance represented by capacitor 
506. Intersymbol interference becomes an issue When a 
signal stays at one level for a long time previously described 
as a steady state stream. The length of time is longer relative 
to the resistance-capacitance (RC) time constant of trans 
mission line 500 de?ned by the parasitic effects of resistor 
504 and capacitor 506. The resistance-capacitance time 
constant characterizes the frequency response of a resis 
tance-capacitance circuit and is associated With the time 
required for an instrument, a receiver in this case, to indicate 
a given percentage of the ?nal reading resulting from an 
input signal such as a transmitter. Using circuit analysis for 
this model of the transmission line Will arrive at a differential 
equation, that When solved, gives the folloWing equation: 

V=V0—Vs[1—eA(—z/RC)] 
[0046] Vs is the supply voltage, V0 is the initial voltage, 
t is time, and RC is de?ned as the time constant for an RC 
netWork. As a steady state stream is transmitted across 
transmission line 500, capacitor 506 charges or discharges 
so that When sub sequent high frequency bits are transmitted, 
the received bits have a reduced signal amplitude and time 
delay. Transmission line 400 and 500 of FIG. 4 and FIG. 5 
respectively are conductors such as conductor 306 of FIG. 
3. 

[0047] FIG. 6 is a block diagram of a transmitter in 
accordance With an illustrative embodiment of the present 
invention. In transmitter 600, transmit ?rst in ?rst out 
(FIFO) 602 is a transmit bulfer. Transmit FIFO 602 receives 
parallel data Which it bulfers before passing the parallel data 
on to shift register 604. Shift register 604 converts the 
parallel data into a serial stream Which is fed to differential 
transmitter 606. Serial data is fed to differential transmitter 
606 based on a clock Which comes from multi-phase clock 
module 608. 

[0048] An illustrative embodiment of the present inven 
tion optimally selects the phase of the clock data transmis 
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sion by picking the buffer tap point using multiplexer 610. 
The buffer tap point is picked based on hardWare pre-skeW 
logic 612. HardWare pre-skeW logic 612 analyzes parallel 
data being passed from transmit FIFO 602 to shift register 
604 in order to determine Which bits require pre-skeW. For 
example, a steady state stream of logic high bits folloWed by 
a number of high frequency bits may require that the high 
frequency bits folloWing the steady state stream be pre 
skeWed. HardWare pre-skeW logic 612 instructs multi-phase 
clock module 608 to skeW the phase of the clock for selected 
bits by selecting the appropriate control line to multiplexer 
610. 

[0049] In another illustrative embodiment, hardWare pre 
skeW logic 612 and multi-phase clock module 608 run at 
tWice the speed of a clock going to differential transmitter 
606 in order to alloW hardWare pre-skeW logic 612 sufficient 
time to phase shift the transmit clock. Transmitter 600 may 
be integrated or connected to a bus interface such as PCI 
Bridge 208 of FIG. 2. 

[0050] FIG. 7 is a block diagram of a receiver in accor 
dance With an illustrative embodiment of the present inven 
tion. In receiver 700, clock recovery unit 702 recovers the 
clock from the incoming signal. Clock recovery unit 702 
may be a phase-locked loop or oversampling device. 

[0051] Once a clock is recovered from the incoming 
signal, Word synchronization logic 704 looks for special 
characters Which separate and de?ne Words Within the 
transmitted bits. A Word is a ?xed-sized group of bits that are 
handled together by the machine. For example, “k” charac 
ters Within the transmitted signal may be used by Word 
synchronization logic 704 to acquire Word synchronization. 

[0052] Once the data bits have been synchronized into 
Words, the data moves into elasticity buffer 706 Where 
buffering characters can be removed in order to match the 
speed of incoming data With the clock of receiver 700 as 
received from clock recovery unit 702. Data is passed from 
elasticity buffer 706 to shift register 708 Which converts the 
modi?ed serial stream back into a parallel stream before 
passing it to a different layer for data decoding and error 
handling. Receiver 700 may be an expander or host bus 
adapter such as PCI Bridge 208 of FIG. 2. 

[0053] FIG. 8 is a timing diagram of a received signal due 
to intersymbol interference and an ideal clock in accordance 
With an illustrative embodiment of the present invention. 
Received data 800 is shoWn as received and Without any 
emphasis or other compensation. In one example, received 
data 800 is shoWn With steady state stream 802 of logic high 
bits folloWed by a number of high-frequency data bits. As 
previously described, intersymbol interference can affect the 
amplitude and timing of transmitted data bits. For example, 
the amplitude of data bit 804 and data bit 806 are less than 
the ideal level. Additionally, data bit 804 and data bit 806 are 
delayed by interference so that they are received by the 
receiver later than expected based on an ideal signal and 
ideal clock 808. Received data 800 is more prone to errors 
because of time shift and reduced amplitude. 

[0054] In order to function properly, the receiver must 
knoW When to decide Whether a bit is a logic 0 or a logic 1. 
Timing is most critical. The decision is most appropriately 
made at the center of the bit period Where the signal is most 
stable and not at the data edge Where the signal is rising or 
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falling. If the decision occurs near the transition or signal 
edge, the likelihood of a bit error increases substantially. 
Bit-errors are more likely to occur When a time delay results 
in bits, such as data bit 804 and data bit 806 arriving late. 

[0055] In serial streams, ideal clock 808 extracted from the 
incoming data stream is used to tell the receiver When to 
decide Whether a bit is a logic 0 or a logic 1. Receivers may 
use various forms of clock-extraction circuitry and methods. 
In one example, the receiver uses a phase-locked loop (PLL) 
to recover the ideal clock timing information from the serial 
data stream. A voltage-controlled oscillator (VCO) or cur 
rent controlled oscillator initially runs at a frequency close 
to the expected data rate. Part of the signal from the 
voltage-controlled oscillator is routed to a phase detector, 
Which compares the phase of the voltage-controlled oscil 
lator signal With the incoming data stream. If the voltage 
controlled oscillator is not at the same rate as the data signal, 
the phase detector Will produce an error signal that is 
proportional to the frequency difference. The error signal is 
used as a controlling signal at the voltage-controlled oscil 
lator to adjust its frequency and force the voltage-controlled 
oscillator to match, or lock to, the incoming data signal. The 
receiver circuit noW has the critical capability of timing its 
decision circuit at exactly the rate of the data and in the 
center of the pit period for optimal bit-error-rate perfor 
mance. The exemplary timing diagram illustrated in FIG. 8 
may occur betWeen communicating devices, such as trans 
mitter 302 and receiver 304 in FIG. 3. 

[0056] FIG. 9 is a timing diagram of transmitted data 900 
With time shifted bits compensating for intersymbol inter 
ference, received data 902, and ideal clock 904 in accor 
dance With an illustrative embodiment of the present inven 
tion. The transmitter has been trained by the receiver to 
transmit a signal that is properly modi?ed for interference so 
that a more accurate signal is received at the receiver. As 
previously shoWn, an exemplary steady state stream of bits 
906 is folloWed by a number of high frequency data bits or 
transition bits. Bits 908, 910, and 912 are optimally time 
shifted or skeWed so that they are sent by the transmitter 
earlier than expected. Because of the parasitic effects of the 
transmission line, bits 908, 910, and 912 arrive and are read 
by the receiver When expected. In this example, transmitted 
data 900 and particularly bits 908, 910, and 912 are not 
modi?ed for emphasis but instead are time shifted. The 
amount of phase shift that is applied to each bit is a variable 
transition time and may vary from bit to bit. For example, bit 
908 may be time shifted l5 nanoseconds With bit 910 time 
shifted l2 nanoseconds and bit 912 time shifted l0 nano 
seconds early. Bits 908, 910, and 912 have a reduced 
amplitude because of the amplitude effects of intersymbol 
interference When transmitted and received but are trans 
mitted so that received data 902 is received With proper 
timing for bit and clock extraction from the transmitted 
signal. 

[0057] Because transmitted data 900 is modi?ed, the 
present invention alloWs the receiver to recover a more ideal 
clock from the data stream. Additionally, the receiver does 
not have to employ any additional intelligence or complex 
receiver algorithms to extract bits from the transmitted 
signal Which cost money in development time, implemen 
tation, and processing resources. The exemplary timing 
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diagram illustrated in FIG. 9 may occur betWeen commu 
nicating devices, such as transmitter 302 and receiver 304 in 
FIG. 3. 

[0058] FIG. 10 is a timing diagram of transmitted data 
1000 With emphasis and time shifted bits compensating for 
intersymbol interference, received data 1002, and ideal 
clock 1004 in accordance With an illustrative embodiment of 
the present invention. In this example, steady state data 1006 
is transmitted With emphasis shoWn by decreasing signal 
amplitude. This reduces the charging effect of the parasitic 
capacitance so that data bits 1008, 1010, and 1012 in 
received data 1002 reaches the optimal voltage amplitude 
more quickly. The exemplary timing diagram illustrated in 
FIG. 10 may occur betWeen communicating devices, such 
as transmitter 302 and receiver 304 in FIG. 3. 

[0059] FIG. 11 is a ?owchart illustrating the operation of 
a system for training a transmitter to transmit a signal With 
proper time skeW in accordance With an illustrative embodi 
ment of the present invention. The process or logic of FIG. 
11 may be implemented in a transmitting host such as 
transmitter 302 of FIG. 3. The training link or training 
sequence described occurs betWeen the transmitter and 
receiver or host and target. In one example, the training 
sequence may occur after the amplitude and emphasis 
settings are optimiZed. The process begins as an out-of-band 
sequence and is established With the host (step 1100). A 
target is operably connected to a host and the host begins to 
transmit idle data correctly (step 1102). The host and target 
are interconnected by a conductor so that a signal may be 
transmitted and received betWeen them. 

[0060] Next, the host begins to transmit data With exces 
sive late skeW (step 1104). The data is skeWed incrementally 
so that the data is sent just slightly late initially. By sending 
the data later than expected, the host is able to simulate the 
timing delays of intersymbol interference. The host then 
determines Whether an error has been received (step 1106). 
If an error has not been received in step 1106, the host begins 
to transmit data With late skeW (step 1104). Each time step 
1104 is repeated, the skeW value increases until an error is 
received (step 1106). 

[0061] Once an error is received in step 1106, the host 
begins to transmit data normally (step 1108) to alloW the 
target to recover. Next, the host begins to transmit data With 
excessive early skeW (step 1110). The data is skeWed incre 
mentally so that the data is sent just barely early initially. By 
sending the data earlier than expected, the host is able to 
determine at What threshold the skeWed data Will cause 
errors in the target device. The ho st then determines Whether 
an error has been received (step 1112). If an error has not 
been received in step 1112, the host begins to transmit data 
With early skeW (step 1110). Each time step 1110 is repeated, 
the skeW value increases incrementally until an error is 
received (step 1112). 

[0062] Once an error is received in step 1112, the host 
begins to transmit data normally (step 1114). The host then 
sets pre-skeW values (step 1116). The pre-skeW values are 
based on the skeWing steps and the host knoWs the limits of 
the receiver based on the late and early skeW values required 
to induce errors from the target device. 

[0063] The training sequence preferably covers all poten 
tial transmitting and receiving conditions that are susceptible 
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to intersymbol interference. The test data stream Will pref 
erably include steady state streams of logic high and logic 
loW With different pulse lengths and the Worst case trans 
missions for inducing intersymbol interference. For 
example, one bit sequence used Withint the training 
sequence used to evaluate the time effects of intersymbol 
interference may be the maximum length logic high steady 
state stream alloWed by the transmission protocol folloWed 
by a series of high frequency bits. By analyZing the received 
data and noting the late and early settings, adjustments can 
be made to the variable transition time to optimiZe the timing 
for transition bits. This alloWs transmitted data bits and the 
clock to be more effectively extracted from the received 
signal. 
[0064] For example, the process described in FIG. 11 may 
be implemented by time shifting data bits such as bits 908, 
910, and 912 of FIG. 9. The transition bits are time shifted 
so that these bits are sent by the transmitter earlier than 
expected. Because of the timing effects of intersymbol 
interference on the transmission line, the transition bits 
arrive When expected. As a result, the ideal clock is more 
easily extracted, Words Within the stream are better de?ned, 
and the receiver knoWs When to make to accurately deter 
mine Whether a bit is logic high or logic loW according to the 
ideal clock. Each bit determination is best sampled in the 
middle of the bit Where the signal tends to be more stable 
rather than at the bit edges. 

[0065] FIG. 12 is a ?owchart illustrating the operation of 
a receiver in accordance With an illustrative embodiment of 
the present invention. The process begins as an out-of-band 
sequence established With the host step 1200). The target 
transmits idle data to the host (step 1202). The target must 
then determine Whether the data is properly received (step 
1204). If the data is properly received in step 1204, the target 
transmits idle data to the host (step 1202). If the data is not 
properly received in step 1204, the target indicates a prob 
lem has occurred and continues to send idle data (step 1206). 
The process then returns to step 1204 and the target must 
then determine Whether the data is properly received (step 
1204). The process or logic of FIG. 12 may be implemented 
in a target receiver such as receiver 302 of FIG. 3. 

[0066] The invention can take the form of an entirely 
hardWare embodiment, an entirely softWare embodiment or 
an embodiment containing both hardWare and softWare 
elements. In a preferred embodiment, the invention is imple 
mented in softWare, Which includes but is not limited to 
?rmware, resident softWare, microcode, etc. 

[0067] Furthermore, the invention can take the form of a 
computer program product accessible from a computer 
usable or computer-readable medium providing program 
code for use by or in connection With a computer or any 
instruction execution system. For the purposes of this 
description, a computer-usable or computer readable 
medium can be any tangible apparatus that can contain, 
store, communicate, propagate, or transport the program for 
use by or in connection With the instruction execution 
system, apparatus, or device. 

[0068] The medium can be an electronic, magnetic, opti 
cal, electromagnetic, infrared, or semiconductor system (or 
apparatus or device) or a propagation medium. Examples of 
a computer-readable medium include a semiconductor or 
solid state memory, magnetic tape, a removable computer 
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diskette, a random access memory (RAM), a read-only 
memory (ROM), a rigid magnetic disk and an optical disk. 
Current examples of optical disks include compact diski 
read only memory (CD-ROM), compact diskiread/Write 
(CD-R/W) and DVD. 

[0069] A data processing system suitable for storing and/ 
or executing program code Will include at least one proces 
sor coupled directly or indirectly to memory elements 
through a system bus. The memory elements can include 
local memory employed during actual execution of the 
program code, bulk storage, and cache memories Which 
provide temporary storage of at least some program code in 
order to reduce the number of times code must be retrieved 
from bulk storage during execution. 

[0070] Input/output or I/O devices (including but not 
limited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly or through intervening 
l/O controllers. 

[0071] NetWork adapters may also be coupled to the 
system to enable the data processing system to become 
coupled to other data processing systems or remote printers 
or storage devices through intervening private or public 
netWorks. Modems, cable modem and Ethernet cards are just 
a feW of the currently available types of netWork adapters. 

[0072] The description of the preferred embodiment of the 
present invention has been presented for purposes of illus 
tration and description, but is not intended to be exhaustive 
or limited to the invention in the form disclosed. Many 
modi?cations and variations Will be apparent to those of 
ordinary skill in the art. The embodiment Was chosen and 
described in order to best explain the principles of the 
invention the practical application to enable others of ordi 
nary skill in the art to understand the invention for various 
embodiments With various modi?cations as are suited to the 
particular use contemplated. 

What is claimed is: 
1. A method for reducing timing effects of intersymbol 

interference in a high-speed data transmission, comprising 
the steps of: 

establishing a training sequence betWeen a transmitter 
operably connected by a conductor to a receiver; 

analyZing data received at the receiver; 

skeWing the timing of transition bits sent folloWing a 
stable data stream by the transmitter; and 

responsive to analyZing data received at the receiver, 
adjusting a variable transition time for the transition 
bits by the transmitter to optimiZe timing and reduce 
timing effects of intersymbol interference. 

2. The method of claim 1, Wherein analyZing step com 
prises sending an error message When transmitted data is 
improperly received at the receiver. 

3. The method of claim 1, Wherein the method is per 
formed automatically by the transmitter and receiver in 
order to minimiZe the effect of intersymbol interference. 

4. The method of claim 1, Wherein the analyZing step 
comprises analyZing a time differential in order to calculate 
a bit time delay for the transition bits. 

5. The method of claim 1, Wherein the skeWing step 
comprises sending the transition bits later than expected 
until bit errors occur. 
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6. The method of claim 1, wherein the skewing step 
comprises sending the transition bits earlier than expected 
until bit errors occur. 

7. The method of claim 1, wherein the adjusting step 
comprises sending the transition bits earlier than expected 
based on information from the analyZing step to compensate 
for a delay in timing due to intersymbol interference so that 
the receiver recovers a more ideal clock from the serial data 
transmission. 

8. The method of claim 1, further comprising optimiZing 
amplitude and emphasis settings to reduce timing effects of 
intersymbol interference. 

9. The method of claim 1, wherein the establishing step 
occurs during a start up sequence of the transmitter and 
receiver. 

10. The method of claim 1, further comprising analyZing 
data and adjusting variable transition timing during the 
normal operation of the transmitter and receiver. 

11. The method of claim 1, wherein the adjusting step 
comprises adjusting the variable transition time for three 
transition bits following the steady state stream. 

12. The method of claim 1, comprising sending actual 
data with optimiZed variable transition timing from the 
transmitter to the receiver after the training sequence has 
been completed. 

13. A system for reducing intersymbol interference in a 
serial data transmission, comprising: 

a transmitter for transmitting data bits, wherein the trans 
mitter skews transition bits following a steady state 
stream of bits during a training sequence to induce 
errors, and adjust variable transition timing for transi 
tion bits following the steady state stream of bits for a 
data signal; and 

a receiver operably connected to the transmitter by a 
conductor, wherein the receiver analyZes bits trans 
ferred from the transmitter during the training 
sequence, and instructs the transmitter how to adjust 
the variable transition timing for transition bits in order 
to minimiZe the timing effects of intersymbol interfer 
ence. 

14. The system of claim 13, wherein a communication 
standard establishes a maximum number of bits making up 
the steady state stream of bits. 

May 11, 2006 

15. The system of claim 13, wherein the conductor for 
conveying a signal is any of a wire, path, trace, backplane, 
etch, pad, and channel. 

16. The system of claim 13, wherein the receiver is 
operably connected to a drive. 

17. The system of claim 13, wherein the transmitter 
includes pre-skew logic for skewing the phase of a trans 
mitting clock in order to adjust the variable transition timing. 

18. A computer program product comprising a computer 
usable medium including computer usable program code for 
reducing the timing effects of intersymbol interference in a 
high-speed data transmission, said computer program prod 
uct comprising: 

computer usable program code for establishing the train 
ing sequence between a transmitter and a receiver 
operably connected by a conductor, wherein the trans 
mitter transmits data; 

computer usable program code for skewing timing of 
transition bits; and 

computer usable program code for modifying the variable 
transition time for the transition bits of data in order to 
optimiZe timing and minimiZe intersymbol interference 
of the data when received by the receiver. 

19. The computer program product of claim 18, compris 
1ng: 

computer usable program code, for analyZing data 
received at the receiver; and 

computer usable program code for instructing a transmit 
ter to adjust a variable transition time for transition bits 
by skewing the timing in order to optimiZe timing and 
minimiZe timing effects of intersymbol interference. 

20. A computer program product of claim 18, further 
comprising: 

computer usable program code for skewing the transition 
bits early and late until an error is induced in the 
receiver for the transmitter optimally adjust the variable 
transition time. 


