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SYSTEM AND METHOD FOR DIGITAL ADAPTIVE

EQUALIZATION WITH FAILURE DETECTION
AND RECOVERY

TECHNICAL FIELD

{0001] ‘lhe present invention relates generally to digital
communications, and more specifically to a system and
method for digital adaptive equalization with failure detec-
tion and recovery.

BACKGROUND OF THE INVENTION

[0002] In communication systems, data (or signal) is
transferred over a physical media such as, for example,
twisted pair wire, coaxial cable, or optical fiber. These
physical media are non-ideal communication channel, which
degrades the signal by causing attenuation and delay. The
physical media further degrades the signal by adding noise
and distortion to the signal.

[0003] FIGS.1 and 2 illustrate a typical transmitter and a
receiver, respectively, of a wireline communication system.
The blocks in the transmitter 100 and receiver 200 are

connected differentially as indicated by the double lines.
Referring now to FIG.1, a transmitter 100 includesa jitter
attenuator (“JA”) 104, a digital encoder (“encoder”) 108, a
phase locked loop (“PLL”) 112,a trapezoidal pulse genera-
tor (“TPG”) 116,a line driver (“LD”) 120, and a cable 24.
In the following description, the physical media will be
referred to as the cable.

[0004] In operation, a clock signal and data is provided to
the JA 104. The JA 104 removes unwantedjitter from the
clock signal, and synchronizes the data and the clock signal.
The JA 104 provides the data to the encoder 108. The
encoder 108 encodesthe data according to a standard coding
scheme.

[0005] The JA 104 provides the clock signal to the PLL
112. The PLL 112 multiplies the clock signal to generate a
higher frequency clock signal in order to meet the over-
sampling requirement of the TPG.In this case, the PLL 112
multiplies the clock signal by 4, i.e., multiplies the clock
frequency by 4. The higher frequency clock signal is
received by the TPG. The TPG 116 also receives the
encoded data from the encoder 108.

[0006] The TPG 116 converts the digital signal into an
analog signal that is suitable for transmission. The output of
the trapezoidal pulse generator 116 is received by a line
driver 120. The line driver 120 drives the resistive load of a

media 124 such a coaxial cable. In other words, the line
driver transmits the analog signal over the coaxial cable 124.

[0007] Referring now to FIG.2, a receiver 200 includes a
variable gain amplifier (WGA) 204, an equalizer 208, a peak
detector (PD) 216, a slicer 240, an analog offset controller
(AOC) 212,a clock and data recovery circuit (CDR) 220, an
automatic equalizer control (AEC) 224, an analog gain
controller (AGC) 228, and a digital decoder 232.

[0008] The signal transmitted over a cable 202 is received
by the receiver 200. The VGA 204 amplifies the signal to
compensate for the frequency-independentloss, also known
as resistive loss or flat loss.

[0009] The output of the VGA 204 is received by the
equalizer 208. The equalizer 208 compensates for the fre-
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quency-dependent loss on the cable also known as cable
loss. The equalizer 208 boosts the high frequency compo-
nents of the signal to compensate for the cable loss.

[0010] The output of the equalizer 208 is received by the
PD 216. In general, the PD 216, which receives an analog
output from the equalizer 208, determines the peak of the
equalized signal. The output of the equalizer 208 is also
received by the AOC 212, which controls through the VGA
204 the differential offset of the receiver. Thus, the AOC 212
forms a feedback loop to adjust through the VGA 204 the
differential offset of the receiver, driving the differential
offset to OV level. The differential offset of the receiver is
driven to a OV level in orderto eliminate harmonicdistortion
inside the receiver 200.

[0011] As discussed before, the output of the equalizer 208
is received by the PD 216. The peak detector determines the
peak of the equalized signal (i.e., the output of the equalizer
208) and sends the peak value to the slicer 240. The slicer
240 also receives the output of the equalizer 208. Theslicer
240 functions as an analog to digital converter(e.g., a 2 bit
A/D converter), which outputs a digital signal using the peak
value.

[0012] The digital output of the slicer 240 is received by
the CDR 220. The CDR 220 extracts the correct clock signal
and data from the digital signal and also synchronizes the
data and the clock signal. The output of the CDR 220 is
received by the decoder 232, which decodes the signal
according to a standard decoding scheme.

[0013] The analog output of the PD 216is received by the
AGC 228, which controls the gain of the VGA 204. The
digital output of the slicer 240 and the output of the CDR
220 are received by the AEC 224, which controls the gain of
the equalizer 208 by adjusting the equalizer coefficients or
steps.

[0014] Asignal, such as, for example,a digital signal (i.e.,
data) can be decomposed into a set of sinusoidal waves
according to the Fourier theorem, each sinusoidal wave
having a different frequency and amplitude. As discussed
before, when a signal such as a sinusoidal wavetravels over
a cable, which is a non-ideal communication channel, it
suffers from attenuation. The attenuation refers to the loss or

decrease in amplitude of the signal. The sinusoidal waveis
also subjected to a delay when traveling through the cable.
The delay varies depending on the frequencies. Thus, the
sinusoidal waves that form a digital signal will each be
delayed by a varying degree. In general, the sinusoidal
wave’s attenuation and delay is directly proportional to the
transmission distance. Thus, the longer the sinusoidal wave
travels, the more attenuation and delay it suffers.

[0015] FIG.3 illustrates the attenuation and delay of a
square wavethat travels through a 100 feet cable and a 1000
feet cable, respectively. As shown in FIG. 3, the square
wave’s attenuation and delay increase as the wave travels
longer distance.

[0016] A signal traveling through a cable is subjected to
two types of loss: (a) cable loss; and (b) flat loss. A flat loss
causes all frequencies of the signal to be attenuated by the
samelevel. Acable loss causesdifferent levels of attenuation

to different frequencies. In general, a cable causes higher
level of attenuation to high frequency signals and lower
levels of attenuation to low frequency signals. Thus, when a
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square wavetravels through a cable, its higher frequencies
are attenuated more than lower frequencies. The cable also
adds noise and distortion to the signal, which causes deg-
radation of the signal.

[0017] In general, the receiver 200 (also known as an
analog front end receiver) is relied upon to restore trans-
mitted signals after they travel through the cable. As shown
in FIG. 2, the receiver 200 provides analog gain compen-
sation, equalization andfiltering. The equalizer 208 com-
pensates for the frequency-dependentloss on the cable. The
equalizer 208 is a combination of several blocks, each block
having a low passfilter and an adjustable zero. The low pass
filter is implemented withafixed pole. In a typical equalizer,
an all 0 code corresponds to a scenario when the pole and
zero of each blockare aligned andtheir individual effects are
cancelled. When the equalizer coefficient is increased, the
zero location moves towards lower frequency, resulting in a
high pass function. The purpose of the equalizer is to create
a high-pass function that is inverse of the low pass function
of the cable, so that the combined frequency responseof the
cable and the equalizer is 0 dB (ie., flat).

[0018]

[0019] FIGS. 4(a) and 4(b)illustrate an ideal equalization
scheme, whichrestores a signalto its original state. In FIG.
4(a), the signal originates from a transmitter 404, travels
through a cable 408, and is received by a receiver 412. The
signal is subjected to cable loss asit travels through the cable
408. FIG. 4(a) showsthat the original waveform is attenu-
ated due to cable loss and is then restored or equalized by an
equalizer inside the receiver 412.

[0020] FIG. 4(6)illustrates the cable loss characteristics,
the equalization frequency response,and the overall transfer
function. The cable loss characteristics indicate attenuation

of the high frequency components of the signal due to the
low pass characteristics. The equalizer is adjusted so that the
high frequency components of the signal are amplified,
thereby canceling the cable loss effect and restoring the
signal to its original state. The overall transfer function after
the equalization is the 0 dB line.

[0021] In reality, however, the equalizer doesn’t com-
pletely cancel the effect of the cable loss on a signal. The
equalizer either under equalizes or over equalizes.

Ideal Equalization

[0022] Under Equalization

[0023] If the equalizer’s high frequency boost is inad-
equate to cancel the loss caused by the cable, the resulting
signal will be under equalized. An under equalized signalis
not fully restored to its original form. FIGS. 5(a) and 5(b)
illustrate an under equalization scenario. In FIG. 5(a), a
signal originating from a transmitter 504 travels over a cable
508 and is subjected to cable loss. The cable loss causes
attenuation of the high frequency contents of the signal. An
equalizer inside the receiver 512 attempts to restore the
signal to its original shape. However, as shownin FIG.5(a),
the equalizer’s high frequency boostis inadequate to restore
the attenuation due to the cable loss. Thus the signal after
equalization is under equalized. FIG. 5(b) showsthe equal-
ization frequency response, cable loss characteristics and
overall transfer function. Due to inadequate equalization, the
transfer function indicates that the high frequency compo-
nents are not completely restored.
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[0024] Over-Equalization

[0025] If the equalizer provides more high frequency
boost than necessary to cancel the cable loss, the resulting
signal is over equalized. An over equalized signal contains
ringing. FIGS. 6(a) and 6(6)illustrate an over equalizationscenario.

[0026] In FIG.6(a), a signal originating from a transmitter
604 travels over a cable 608 and is subjected to cable loss.
The cable loss causes attenuation of the high frequency
contents of the signal. An equalizer inside a receiver 612
attempts to restore the signal to its original shape. However,
as shown in FIG. 6(a), the equalizer provides excess high
frequency boost, which causes a ringing waveform.

[0027] FIG. 6(6) shows the equalization frequency
response, cable loss characteristics and overall transfer func-
tion. Due to excessive equalization, the transfer function
indicates that the resulting signal includes excessive high
frequency boost, thus resulting in a ringing waveform.

[0028] Both under equalized and over equalized signals
are undesirable in communication systems. An over equal-
ized signal causes error in a peak detector, resulting in bit
errors. An under equalized signal causes inter-symbol-inter-
ference (ISI). The problems caused by under equalization
and over equalization will be discussed further below.

[0029] FIGS. 7(a)-7(c) illustrate the problems due to over
equalization. In FIG.7(a), the original waveform consists of
0, 1, 0, -1. FIG. 7(6) illustrates the resulting waveform after
over equalization. As seen in FIG. 7(5), due to over equal-
ization, the waveform contains significant ringing. FIG. 7(c)
illustrates the waveform after being processed byaslicer.
The output of the slicer is an incorrectly restored signal
consisting of 1 0, 1, -1, 0, 1, -1, 0, -1, 1. Thus, the output
of the slicer contains significant error.

[0030] FIGS. 8(a)-8(c) illustrate the problem due to under
equalization. In FIG.8(a), the original waveform consists of
0, 1, 0, -1. FIG. 8(5) illustrates the resulting waveform after
under equalization. FIG. 8(c) illustrates the waveform after
being processed by a slicer. The output of the slicer consists
of 1 0, -1, 0. Thus, the output of the slicer contains
significant error.

[0031] In general, two types of equalization schemes can
be used to restore a signal: fixed equalization; and adaptive
equalization.

[0032] Ina fixed equalization, the equalizer compensates
the signal with a predetermined constantor fixed boostof the
signal’s high frequency content. Although the fixed equal-
ization schemeis simple and reliable, because the equaliza-
tion is predetermined and fixed, this schemeis only suitable
in one optimized situation. For example, if the equalizer is
optimized for a 500 feet cable, then for all other situations,
the equalizer is sub-optimal, 1.e., over equalized or under
equalized. Thus, the equalizer optimized for a 500 feet cable
is over equalized for a cable length less than 500 feet, and
is under equalized for a cable length greater than 500 feet.

[0033] In an adaptive equalization, the amount of equal-
ization is determined dynamically rather than being prede-
termined and fixed. The adaptive equalization scheme uti-
lizes a nonlinear algorithm wherein the equalizer
continuously monitors a channel characteristics or behavior
and tries to cancel the cable loss with an optimal equaliza-
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tion. If the channel characteristics change, the equalizer
adapts to the new channel characteristic by adjusting the
amount of equalization, and restores the signal correctly.

[0034] However, adaptive equalization scheme suffers
from a disadvantage commonto all non-linear algorithms.
‘The adaptive equalizer can be trappedinafailure state (i.e.,
incorrect state) and not able to recover from the failure state.
If the adaptive equalizer is trapped in a failure state, the
equalization will be under equalized or over equalized, thus
resulting in errors.

[0035] For example, if the equalizer is over equalized thus
causing the CDR 220to lose lock, the clock signal supplied
by the CDR 220 will have incorrect timing. The incorrect
timing causes incorrect sampling of the signal, resulting in
false information regarding the signal. If the sampling
behavior incorrectly indicates that the waveform is under
equalized wheninreality it is over equalized, the equalizer’s
coefficient is increased until it reaches a maximum, causing
the adaptive equalization to be trapped in an incorrect state.

[0036] Accordingly, there is a need for an adaptive equal-
ization schemethat provides optimum level of equalization.
There is a need for an adaptive equalization scheme that
detects when the equalizer is trapped in a failure state. There
is also a need for an adaptive equalization scheme that
allows the equalizer to recover from the failure state.

SUMMARYOF THE INVENTION

[0037] The invention is directed to an adaptive equaliza-
tion method and system for automatically adjusting an
equalizer to compensate a signal’s frequency dependent
loss. In one embodiment of the invention, the method
comprises setting the equalizer’s initial coefficient value,
receiving an equalized signal, identifying a positive to zero
transition of the equalized signal, generating a common
mode voltage from the equalized signal, and determining the
equalized signal’stail settling voltage. The method further
comprises comparing the equalized signal’s tail settling
voltage to the common mode voltage, determining if the
signal is over equalized or under equalized based on the
comparison; and adjusting the equalizer’s coefficient value
based on whether the signal is under equalized or over
equalized.

[0038] The method further comprises comparing the
equalized signal’stail settling voltage to the common mode
voltage by a quantizer. The method further comprises deter-
mining the signal to be over equalized if: the signal transi-
tions from positive to zero, there is no other transition in the
next symbolperiod, and the output of the quantizer=0. The
method further comprises determining the signal to be under
equalized if: the signal transitions from positive to zero,
there is no othertransition in the next symbol period and the
output of the quantizer=1. The method further comprises
determining the signal to be over equalized if: the signal
transitions from negative to zero, there is no other transition
in the next symbolperiod and the output of the quantizer=1.
The method further comprises determining the signal to be
under equalized if: the signal transitions from negative to
zero, there is no other transition in the next symbol period
and the output of the quantizer=0.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIGS. 1 and 2 illustrate a typical communication
systems including a transmitter and a receiver, respectively.
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[0040]wave.

[0041] FIGS. 4(a) and 4(b)illustrate ideal equalization
scenarios.

[0042] FIGS. 5(a) and 5(b)illustrate under equalization
scenarios.

[0043] FIGS. 6(a) and 6(b) illustrate over equalization
scenarios

[0044] FIGS. 7(a)-7(c) illustrate over equalization prob-
lems.

[0045] FIGS. 8(a)-8(c) illustrate under equalization prob-
lems.

[0046] FIGS. 9(a) and 9(b) illustrate an algorithm for
determining whether a signal is over or under equalized in
accordance with one embodiment of the invention.

[0047] FIGS. 10(a) and 10(6) are functional block dia-
grams of components used to determine whetherthe signal
is under equalized or over equalized.

FIG.3 illustrates attenuation and delay of a square

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0048] The invention is directed to an adaptive equaliza-
tion system and method that provides optimum level of
equalization. The invention detects when an equalizer is
trapped in a failure state and allows an equalizer to recover
from the failurestate.

[0049] In one embodimentof the invention, a 1-bit quan-
tizer compares an equalized signal’s tail settling voltage to
the common mode voltage derived from the equalized
signal. The 1-bit quantizer is a sampled comparator that
compares two voltages synchronous with a sampling clock.
The sampling clock ensures that the 1-bit quantizer com-
pares the equalized signal’s tail settling voltage to the
common modevoltage. The 1-bit quantizer outputs 1 or 0.
The common mode voltage derived from the equalized
signal is the mid voltage between a peak detector’s most
positive and most negative voltage, which corresponds to
the signal’s highest and lowest voltage.

[0050] In one embodiment of the invention, a positive to
zero, (ie., a “10”) transition pattern of the signal first is
searched before a determination is made whetherthe signal
is over equalized or under equalized. Otherwise,the signal’s
settling voltage will be corrupted by the Inter Symbol
Interference (ISI) of the next signal transition, which will
cause the adaptive algorithm to fail. The ISI is caused by the
cable loss effect, which causes the high frequency content of
the signal to be attenuated, causing the signal energy from
one data symbol to leak beyond its symbol period and
corrupt adjacent data patterns. In contrast, if a “11” transi-
tion pattern is searched, the tail settling waveform of a
previous symbol will be corrupted by the next symbol and
the voltage tail will not settle.

[0051] Once the “10”transition is found, an algorithm is
used to determine if the signal is under equalized or over
equalized. As will be explained in detail later, based on the
output of the 1-bit quantizer and the transition of the signal,
an internal counter is incremented or decremented. The

internal counter is incremented by 1 if the signal is under
equalized and is decremented by 1 if the signal is over
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equalized.If the counter overflows, the equalizer coefficient
is incremented by 1, and if the counter underflows, the
equalizer coefficient is decremented by 1.

[0052] The output T of the 1-bit quantizer, which is 1 or 0,
indicates how well the signal is equalized. The 1-bit quan-
tizer is sampled by a clock derived from a CDR. The
sampling edge is X1 time away from the falling edge of the
data transition. The X1 time away from the falling edge of
the data transmission is the time that is optimized for
observing the settling behavior of the waveform after equal-
ization. If X1 is too small, the waveform is still in transition
and settling behavior cannot be observed easily. If X1 is too
large, the waveform has mostly settled and the 1-bit quan-
tizer can easily be influenced by noise and other channel
non-ideal characteristics. In one embodiment, X1is set at /%
of a symbol period.

[0053] FIGS. 9(a) and 9(b) illustrate the algorithm for
determining whetherthe signal is over or under equalized in
accordance with one embodimentof the invention.

[0054] FIG. 9(a) illustrates a scenario where the signal
transitions from positive to zero and there is no other
transition in the next symbolperiod.If the signal transitions
from positive to zero and the outputof the 1-bit quantizer=1,
the signal is under equalized. If the signal transitions from
positive to zero and the output of the 1-bit quantizer=0, the
signal is over equalized.

[0055] FIG. 9(b) illustrates a scenario where the signal
transitions from negative to zero, and there is no other
transition in the next symbolperiod.If the signal transitions
from negative to zero and the 1-bit quantizer output=1, the
signal is over equalized. If the signal transitions from
negative to zero, and the 1-bit quantizer output=0, the signal
is under equalized.

[0056] As discussed before, a counter is incremented by 1
if the signal is under equalized and decremented by 1 if the
signal is over equalized. When the internal counter over-
flows, the equalizer coefficient is incremented by 1. When
the internal counter underflows, the equalizer coefficient is
decremented by 1. Thus, the algorithm waits until the
counter overflows or underflows before adjusting the equal-
izer’s coefficient value. The equalizer is not adjusted until
the counter overflows or underflows in order to ensure that

the signal is indeed under equalized or over equalized and
also to prevent adjusting the equalizer’s coefficient value
because of random noise or interference.

[0057] FIGS. 10(a) and 10(6) are functional block dia-
grams of components used to determine whetherthe signal
is under equalized or over equalized. The components
shown in FIGS. 10(a) and 10(b) are incorporated in a
conventional receiver to implement the invention.

[0058] As shown in FIG. 10(a), an equalized signal is
received at a peak detector 1004 and a valley detector 1008.
The peak detector 1004 detects the most positive, 1e.,
highest, voltage level of the incoming signal, and the valley
detector 1008 detects the most negative, 1.e., lowest, voltage
level of the incoming signal. The output of the peak detector
1004 and the output ofthe valley detector 1008 are provided
to areference generator 1012. The reference generator 1012
generates three output signals, REFP, REFMID and REFN.
A slicer 1016 (also referred to as Slicer_p) compares the
REFPsignal to the equalized signal and outputs a signal P.
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A slicer 1020 (also referred to as Slicer_n) compares the
REENsignal to the equalized signal and outputs a signal N.
Slicer_p and Slicer_n are continuous time comparators that
compare the equalized signal to the respective reference
signal. Slicer_p recognizes its input as ‘1’ if the signal
amplitude is greater than REFP. Slicer_n recognizesits input
as ‘1’ if the signal amplitude is less than REFN.

[0059] The signals P and N are used to determine the
transitions of the incoming signal. The signals P and N can
have values of 1 or 0. In one embodiment, two samples of
P and N are used to determinethe transition of the incoming
data or signal. If in a first sample if P=1 and N=0, the
incoming data is considered to be 1. If in a second sample
if P=0 and N=0, the incoming data is considered to be 0. At
that time, a “1 0”transition has occurred.

[0060] Ifina first sample P=0 and N=1, the incoming data
is considered to be -1. If in a second sample, P=0 and N=0,
the incoming data is considered to be 0. At that time, a “-1
0” transition has occurred.

[0061] REFMID is the mid point between the most posi-
tive and the most negative voltages. The REFMID is the
common mode reference of the input signal.

[0062] The REFMIDis provided to a 1-bit quantizer 1024.
The 1-bit quantizer 1024 also receives the equalized signal
and a clock signal CLK from the CDR. The 1-bit quantizer
is a sampled comparator, which compares the REFMID
signal to the equalized signal’s tail settling voltage. The
output T of the 1-bit quantizer is either 1 or 0.

[0063] The signals P, N and T are provided to a counter
1028 shownin FIG. 10(6). The counter 1028 is incremented
according to the algorithm described before. When the
counter 1028 underflows or overflows, the equalizer’s coef-
ficient value is incremented or decremented according to the
algorithm described before.

[0064] One problem associated with the adaptive equal-
ization scheme is its nonlinear behavior. The nonlinear

behavior is caused by the equalizer loop’s mixed signal
content. The equalizer loop is formed by the equalizer, the
PD,the slicer, the CDR and the AEC.

[0065] The adaptive equalizer loop includes an analog
signal path. As discussed before, the equalizer receives the
output from the VGA and equalizes the signal to compensate
for the frequency dependentlosses. The output signals of the
VGAand the equalizer are analog signals thus forming the
analog signal path. The adaptive equalizer loop also includes
a digital feedback control path comprising the automatic
equalizer control. The output of the automatic equalizer
control is a digital signal that is used to adjust the equalizer
coefficient. Also, the CDR is a mixed signal block that
includes analog and digital signals. Thus, the analog and
digital signals in the adaptive equalizer loop cause its
nonlinear behavior.

[0066] The consequence of the nonlinear behavioris that
the adaptive equalizer loop’s settling behavior is dependent
onthe initial state. If the loop is initialized with an erroneous
statc, it may be trapped in the crroncousor failure state and
not be able to recover from it.

[0067] In one embodiment of the invention, when the
receiveris initially powered up, the AOC loop convergesat
time 3*TAOC, TAOCbeing the loop time constant of the
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AOC. In an embodiment of the invention, the TAOC is
approximately 125 us. The AGC loop settles at time
3*TAGC, TAGCbeing the loop time constant of the auto-
matic gain control loop. In one embodiment, the TAGCis
335 us. At a time period equal to 3*TAOC+3*TAGC, the
VGAgain is latched in and the equalizeris initialized. In an
embodiment of the invention, the time period 3*TAOC+
3*TAGCis approximately 1.5 ms. The equalizeris initial-
ized using a commoncriteria such as, for example, a small
signal amplitude correspondsto a heavily attenuated signal
over a long distance.

[0068] The higher the VGA’s gain (which corresponds to
a smaller input signal amplitude), the higher the equalizer
initial value. A longer cable causes more attenuation and
thus the incoming signal will have a smaller amplitude.
Thus, a longer cable causes the VGA to have a higher gain
and correspondingly a higher equalizer initial value.

[0069] Next, the CDR requires a time TPLL, which is the
loop time constantof the filter inside the PLL, to lock onto
the data. In one embodiment of the invention, the TPLL is
300 us. If during TPLL period the CDRis able to lock onto
the data, then the automatic equalizer controller is allowed
to adaptively change the equalizer coefficients. Thus the
equalizer is provided with an initial value and is then
monitored during the TPLL to determineif the initial value
is correct or not. If within TPLL the CDRisable to lock onto

the data, it is determined that the initial value is correct, and
the equalizer is subsequently controlled by the AEC.

[0070] If the CDR is unable to lock onto the data during
TPLL, the equalizer coefficient range is searched for an
initial value that will allow the CDRto lock onto the signal,
1.e., the CDR converges.In general, the equalizer coefficient
range has N bits. In one embodiment, the equalizer coeffi-
cient range has N=8 bits, which correspondsto a range of 0
to 255. The search for an initial value ends if a proper initial
equalizer coefficient is found. If a proper initial equalizer
coefficient is not found after searching the equalizer coeffi-
cient range, a failure is declared.If a failure is declared, the
CDRis said to have not converged. At that time, the receiver
channel is reset and the processrestarts.

{0071] In one embodimentof the invention, if the CDR
converges within an initial period of 3*TAOC+3*TAGC1.5
ms)+TPLL(300 us)=1.8 ms, the CDR outputis still moni-
tored. If a CDR failure is declared, the search algorithm is
restarted. This schemeis robust, allowing the receiver chan-
nel to recover from a catastrophic failure such as a user
unplugging the cable on the fly or changing to another cable
of a different length.

[0072] As discussed before, the algorithm waits for TPLL
for the CDR to lock onto the incoming signal. The TPLL
wait period is due to the fact that the equalizer relies on the
extracted clock to samplethe tail settling voltage of a “1”to
“Q” or “-1” to “O” transition. However, the CDRalso relies
on the equalizer to correctly restore the signal so that the
CDRcan extract the correct timing. Thus the CDR and the
equalizer are mutually dependent and rely on each other to
function properly.

[0073] Since the CDR and the equalizer are mutually
dependent and rely on each other to perform properly, a
non-linear closed loop system is created. The receiver chan-
nel can easily be locked up in a failure state because of the
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nonlinear closed loop system, and the receiver channel may
be unable to recover from the failure state.

{0074] For example, an incorrectinitial state will cause the
CDRto fail to lock onto the incoming signal and instead
cause the CDRto lock onto a failure state. If the CDR is

locked onto to a failure state, the CDR will extract an invalid
clock signal from the incoming signal. The invalid clock
signal will cause error in the 1-bit quantizer’s output,
causing the adaptive algorithm to fail.

[0075] According to one embodimentof the invention, the
adaptive equalization loop is initialized according to the
VGA’s gain code after the analog gain control loop settles.
Alarge VGA gain correspondsto a small input signal, which
meanslarge attenuation by the cable. If there is a large cable
attenuation, the equalizer is initialized to a high value.

[0076] It is to be understood that even though various
embodiments and advantages of the present invention have
been set forth in the foregoing description, the above dis-
closure is illustrative only, and changes may be made in
detail, and yet remain within the broad principles of the
invention. For example, the components shown in FIGS.
10(a) and 10(b) can be substituted by other circuitry to
perform the operations of FIGS. 9(a) and 9(b). Therefore,
the present invention is to be limited only by the appended
claims.

Whatis claimedis:

1. An adaptive equalization method for automatically
adjusting an equalizer to compensate a signal’s frequency
dependent loss comprising:

setting the equalizer’s initial coefficient value;

receiving an equalized signal;

identifying a positive to zero transition of the equalized
signal;

generating a common mode voltage from the equalized
signal;

determining the equalized signal’s tail settling voltage;

comparing the equalized signal’s tail settling voltage to
the common modevoltage;

determining if the signal is over equalized or under
equalized based on the comparison; and

adjusting the equalizer’s coefficient value based on
whetherthe signal is under equalized or over equalized.

2. The adaptive equalization method of claim 1 wherein
the equalized signal’s tail settling voltage is comparedto the
common mode voltage by a quantizer.

3. The adaptive equalization method of claim 1 further
comprises:

determining the signal to be over equalized if:

the signal transitions from positive to zero;

there is no othertransition in the next symbol period; and

the output of the quantizer=0.
4. The adaptive equalization method of claim 1 further

comprises:

determining the signal to be under equalized if:

the signal transitions from positive to zero;
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there is no othertransition in the next symbol period; and

the output of the quantizer=1.
5. The adaptive equalization method of claim 1 further

comprises:

determining the signal to be over equalized if:

the signal transitions from negative to zero;

there is no othertransition in the next symbol period; and

the output of the quantizer=1.
6. The adaptive equalization method of claim 1 further

comprises:

determining the signal to be under equalized if:

the signal transitions from negative to zero;

there is no othertransition in the next symbol period; and

the output of the quantizer=0.
7. The adaptive equalization method of claim 1 further

comprising incrementing a counter if the signal is under
equalized.

8. The adaptive equalization method of claim 1 further
comprising decrementing the counter if the signal is over
equalized.

9. The adaptive equalization method of claim 1 further
comprising incrementing an equalizercoefficient valueif the
counter overflows.

10. The adaptive equalization method of claim 1 further
comprising decrementing the equalizer coefficient value if
the counter underflows.

11. A method for adaptive equalization and failure recov-
ery of an equalizer, comprising:

providing the equalizer with an initial coefficient value;

receiving an equalized signal;

determining if a clock and data recovery circuit (CDR)is
able to lock onto to the equalized signal within a first
time period;

if the CDR has locked on to the equalized signal within
the first time period, adaptively changing the equaliz-
er’s coefficient value to compensate for the signal’s
frequency dependentloss.

12. The method of claim 11 further comprising:

determining if the CDR has not locked onto the equalized
signal within the first time period;

varying the equalizer’s coefficient value until the CDR
locks onto the equalized signal; and

resetting the receiver if the CDR is unable to lock onto the
signal after varying the entire range of the equalizer’s
coefficient value.

13. The method of claim 11 further comprising setting the
equalizer’s initial coefficient value based on the gain of a
variable gain amplifier.

14. An adaptive equalization system for automatically
adjusting an equalizer to compensate a signal’s frequency
dependent loss comprising:

a first detector circuit adapted to receive an equalized
signal and operable responsive to the highest voltage
level of the equalized signal to generate a first output
signal;
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a second detector circuit adapted to receive the equalized
signal and operable responsive to the lowest voltage
level of the equalized signal to generate a second output
signal;

a reference generator adapted to receive the first and
second output signals and operable responsive to the
first and second output signals to generate a third and
fourth output signals and a common modereference
signal;

a first slicer adapted to receive the equalized signal and
the third signal, and operable to generate a signal P;

a secondslicer adapted to receive the equalized signal and
the fourth signal, and operable to generate a signal N;
and

a comparatorcircuit adapted to receive the common mode
reference signal, the equalized signal and a clock
signal, and operable responsive to the tail settling
voltage of the equalized signal to generate a signal T

15. The adaptive equalization system of claim 14 wherein
the signals P, N and T are used to determine whether the
signal is under equalized or over equalized.

16. The adaptive equalization system of claim 14 further
comprising a counter adapted to receive the signals P, N and
T, wherein the counter is incremented or decremented based
on the signals P, N and T.

17. The adaptive equalization system of claim 16 wherein
the equalizer’s coefficient value is adjusted based on the
counter value.

18. The adaptive equalization system of claim 16 wherein
the equalizer’s coefficient value is adjusted whenthe counter
overflows or underflows.

19. The adaptive equalization system of claim 15 wherein
the signals P and N indicate the transition of the equalized
signal.

20. A receiver comprising:

a variable gain amplifier;

an equalizer;

a peak detector andslicer;

an analog offset control circuit;

a clock and data recovery circuit;

an analog gain control circuit;

an automatic equalizer control circuit;

a digital decoder; and

an adaptive equalization system for automatically adjust-
ing the equalizer to compensate a signal’s frequency
dependent loss comprising:

a first detector circuit adapted to receive an equalized
signal and operable responsive to the highest voltage
level of the equalized signal to generate a first output
signal;

a second detector circuit adapted to the receive the
equalized signal and operable responsive to the lowest
voltage level of the equalized signal to generate a
second output signal;

a reference generator adapted to receive the first and
second output signals and operable responsive to the
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first and second output signals to generate a third and
fourth output signals and a common modereference
signal;

a first slicer adapted to receive the equalized signal and
the third signal, and operable to generate a signal P;

asecondslicer adapted to receive the equalized signal and
the fourth signal, and operable to generate a signal N;
and

acomparatorcircuit adapted to receive the common mode
reference signal, the equalized signal and a clock
signal, and operable responsive to the tail settling
voltage of the equalized signal to generate a signal T.
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21. The receiver of claim 20 wherein the signals P, N and
T are used to determine whether the signal is under equal-
ized or over equalized.

22. The receiver of claim 20 further comprising a counter
adapted to receive the signals P, N and T, wherein the
counter is incremented or decremented based on the signals
P, N and T.

23. The receiver of claim 22 wherein the equalizer’s
coefficient value is adjusted based on the counter value.

24. The receiver of claim 22 wherein the equalizer’s
coefficient value is adjusted if the counter overflows or
underflows.

25. The receiver of claim 20 wherein the signals P and N
indicate the transition of the equalized signal.

* * * * *


