2 MAR 2006 Transmt Anplitude | ndependent Adaptive Equalizer BACKGROUND %.P
FIELD OF THE INVENTION 5 This invention relates generally to the“f 2ellfof008
equal i zers. More particularly, the invention provides a transmt anplitude
i ndependent adaptive equalizer that is capable of conpensating for

transm ssion losses in an input signal when the transmt signal anplitude
is unknown. The invention is particularly well suited for use in digital
comuni cati on conponents, such as receivers, equalizers, high-speed

backpl anes, Printed Circuit Board Trace O equalizers, automatic gain

control devices; a"l‘i‘aﬁ&nﬂﬁrAhE_lii_ﬁﬁleqfnd@b&ideﬁltA%W@E@]ﬁhiiﬁﬁ} conponents. 2.
DESCRI PTI ON OF THE RELATED ART The use of an equalizer to conpensate for

| oss resulting fromthe non-idealities of a 15 transmi ssion nediumis
known. Fig. 1 is a block diagrag§§£§§$§gL§ﬁgequalizer 12 inplemented in:a
typical digital communications whi ch an input signal 14 is
transmtted through a transm ssion nedium 16. Typical transm ssion nedi a
16 uséd foEﬂﬂd&ﬁEﬁIﬂEﬂHﬁﬂﬂiﬂEﬂ&itaI signals over relatively short

di stances include, for exanple, printed circuit board (PCB) traces and

capxi al calthissinvéhigse relars gmbeilyknothe fiekh ofi sphlorersredMare tpapliodity, dwuse
significant 20 frequency dependant |osses in digital signals being

tr ansfveh@sh QYShddshe wRehit anglin@espaesntbnt adiptivordqubligerdihgt tiglcapala, of
often resulting in pul se spreading and interference between nei ghboring
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transm . ssi on ium 16. The equal.i zer r ngrates.the transnmtted signal
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components, such as receivers, equalizers, high-speed backplanes, Printed Circuit Board Trace

.0 equalizers, automatic gain control devices, and other types of digital communication

components.

2. DESCRIPTION OF THE RELATED ART
The use of an equalizer to compensate for loss resulting from the non-idealities df a
15 ‘transmission medimﬁ is known. Fig. 1 is a block diagram showing an equalizer 12 implemented
in étypical digital communications system 10 in which an input signal 14 is transmitted through
a transmission medium 16. Typical transmission media 16 used for transmission of digital
signals over relatively short distances include, for example, printed circuit board (PCB) traces
and coaxial cables. These, and other known transmission media, typically cause significant
20  frequency dependant losses in digital signals being transmitted over the media and consequently
distort the digital data, often resulting in pulse spreading and interference between neighboring
pulses (known as intersymbol interference). In addition, the input signal 14 is further corrupted
during transmission by noise 18 induced by the iransmission medium 16. The equalizer 12

regenerates the transmitted signal 20 by providing gain to compensate for the frequency




2 MAR 2006 dependant | osses caused by the transm ssion nmedium 16 (up to
sone maxi num |l ength) while preferably mnimzing the effect of noise 18.
This function is typically achieved by applying a transfer functi énl1AB 2068
recei ved signal 20 that approxinmates the inverse of the transm ssion

| osses. 5 Fig. 2 is a graph 30 showng the loss (in dB) incurred.in the
transm ssion nmedium 16, plotted as a function of both the length (1) of
the nedium 16 and the frequency (f) of the signal. Generally, the | oss
over a transm ssion medi um (such as a coaxial cable or PCB trace) nay be
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The value of L(f) is plotted in Fig. 2 for transm ssion nedia of two .
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(1) of the transm ssion nediumincreases, the |loss increases. |In addition,

as t héoskesequency (f) increases, the loss 15 increases. To counteract the
transm ssion | oss shown in Fig. 2, an equalizer 12 should have a frequency

characteri $§¢ ¢ {shatrabh Johdolwiyeihieelosd (ih )| ifairddUinCthe APnehissive hednaesi on
medium The inverse |loss function nay be approxi mated as follows: 1 L(f)

=G(f)=}§§‘()'ﬁﬁa' ' n Ih GA hz%ﬂ@fé 1@93bt R the
| engt I?io é%fﬂt gtﬁts\{?g)gg%ms{shl%o%n%gdgzﬁf ﬂéﬁe val ue o%iq( typ|é aﬁF);(/ (32?{)65 from
zero to unity (or sone other constant) as.the transm ssjon

signal. Generally, the loss over a transmission medium (such as a coaxial cable or PCB trace)

may be approximated in the frequency domain by the following equation:

L(f) = e-”’“ﬁ**“"f") .

10  where fis the frequency, / is the length of the transmission medium, j = \/—_1 , ks 1s the skin
effect loss constant of the transmission medium, and ky is the dielectric loss constant of the
transmission medium. The value of L(f)is plotted in Fig. 2 for transmission media of two
different lengths: Length 1 ‘(shorter) and Length 2 (longer). As the length (/) of the transmission
medinm increases, the loss increases. In addition, as the frequenéy (f) increases, the loss

15 increéses.

To counteract the transmission loss shown in Fig. 2, an equalizer 12 shoﬁld have a

frequency characteristic that is the inverse of the loss function of the transmission medium. The

inverse loss function may be approximated as follows:

1
——=G()=1+KH();
) (=1+KH())

20 where K is a control variable that is proportional to the length (I) of the transmission medium.

The value of K typically varies from zero o unity. (or some other constant) as the transmission

medium approaches its maximum length.




medi um approaches its maxi mumlength. 2 en 2 MAR 2006 Fig. 3 is a graph 40
showi ng the inverse loss function f), plotted in dB on the sane axes as
the loss function L(f ). As shown in this figure, the inverse | o&s?fitihetilon
G f) provides a frequency dependant gain equivalent to the |oss L(f)
incurred in the transm ssion nmedium The characteristics of the inverse

| oss function f) are explained in nore detail in United 5 States Patent
Application No. 09/055,515 (hereinafter referred to as "the '515
Application”) which is owed by the Assignee of the present application,
and which h.N : ' : L cadi
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i npl enents the inverse loss function (f). The equalizer core 50 inc|udes
a traarshes thednss fupetian g 5'es shapm)in)this digme, thegnyase lospfimgtion (F /Arpradifies 56.
This circuit 50 applies variable gain to an input signal 57 by applying the

transf ?fegﬁéﬁ&?tdeﬁghdﬂﬁf ?ajhrbqﬂ{ﬂﬁffnt b (HEER8Y AN y% anéiffed! ot thnsRakioandedinad by
mul ti plyi'ng the  resultant signal fromthe transfer function block 52 by a

gain contyrol signal 58 (K). The gain ¢ rol signal,58 (K) preferabl
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mul tiplying the output of the transfer function block 52 by a factor
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(1) of the transm ssion medium 16. For instance, when the transm ssion
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multiplied by unity (1) to provide the nmaxi mum gain. The output of the

mul tiﬂ{ei&%seﬁ%@ hbﬁﬂ)ﬂs&é}%&?ﬁ%‘\ggt h the input signal 57 by the adder 56 in

or der pro e an equ out put signal 59 corresponding to the
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Appl %c{igg G(f). The equalizer core 50 includes a transfer function block 52 ( H(f)), a multiplier

10 58, and an adder 56. This circuit 50 applies variable gain to an input signal 57 by applying the
transfer function H(J) in order to generate a resultant signal and then by multiplying the
resultant signal from the transfer function block 52 by a géin control signal 58 (K). The gain
control signal 58 (K) preferably controls the amount of gain applied by the transfer function
H(f) by multiplying the output of the transfer function block 52 by a factor typically varying

15 from zero (0) to unity (1) depending.upon the length (/) of the transmission medium 16. For
instance, when the transmiséion medium 16 is at a maximum length, the fransfer function H{f)
18 generally. multiplied by unity (1) to pfovide the maximum gain. The output of the multipliér is
then summed with the input signal 57 by the adder 56 in order to produce an equalized output
signal 59 corresponding to the inverse loss function (1+ K H(f)). An exemplary circuit for

20  implementing the transfer function block 52 is described in the above-referenced '515
Application.

Fig. 5 is a block diagram of an alternative equalizer cofe 60 that implements a bandwidth-

limited inverse loss function. In this circuit 60, a low-pass filter 62 is added to the equalizer core




Fig. 5is a block diagramof an alternative equalizer core 60 that

i npl ements a bandwi dth- limted inverse |oss function. In this CLJ?E%ADG'MP
a lowpass filter 62 is added to the equalizer core 3 - 2 MAR 2005 15 YoM
in Fig. 4 to reduce noise encountered in the transm ssion nedium 16. This
alternative inplenentation 60 reduces the anplification of high frequency
noi se, and thus increases the signal-to-noise ratio (SNR) of the equalized
out put signal 64. A graphical representation 70 of the bandwidth-limted
inverse loss function 72, plotted on the same axes as the loss function 5

L(f )50isho®RGMIFig. 4 toir8duce nofse@ncoumitéred i thRakanginbgioammeadiom 16y Bhis alternative
mul tipl e-stage equalizer core 80 having three equalizer stages 82, 84 and
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used to control the gain inplenented by the transfer function H(f) in

prsopoL{ fois showhlieFigebgt h of the transm ssion nedium 16. The advant ages of
utilizing a multiple-stage equalizer core are explained in detail in the
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mul ti pl e-st'dge equalizer Core configured to equalize sign
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equal i zer core 80 is capable of equalizing |osses incurred in_a printed

ci r cuhtechmacaded 'eREBiZer siagese8f84uand: 8 3@ Pra y the spsme antly ewebzscane 382,
84, and 86 will typically be configured to equalize |osses in PCB traces 20
of upsHoWnli@ Higchealteatively ate smifpleSbagerduBlizeaerd $lecoudd suchadeda plncdlity hdt

t hey operate
10  bandwidth-limited stages as shown in Fig. 5, or other types of cores. In any case, each equalizer
stage 82, 84 and 86 includes a gain control signal (K1, K2 or K3) that is used to control the gain

implemented by the transfer function H(f) in proportion to the length of the transmission
medium 16. The advantages of utilizing a multiple-stage equalizer core are explaiﬁed in detail in -
the '515 Application.

15 Operationally, each stage 82, 84 and 86 in the multiple-stage equalizer core 80 is,
configured to equalize signals transmitted over transmission media up to a percentage of the total
maximum transmission medium length. For instance, if the multiple-stage equalizer core 80 is
capable of equalizing losses incurred in a printed circuit board ("PCB") frace of up to 30 inches,
then each core stage 82, 84, and 86 will typically be configured to equalize losses in PCB traces

20  of up to 10 inches. The stages 82, 84 and 86 are ‘then cascaded such that they oper:ite
sequentially to equalize PCB traces of up to 30 inches.

Fig. 8 is a graph 90 showing how the gain control signals K1, K2 and K3 in the multiple-

stage equalizer core 80 are varied according to the length of the transmission medium. The value




sequentially to equalize PCB traces of up to 30 inches. Fig. 8 is a graph
90 showi ng how the gain control signals Kl, K2 and K3 in the nultiple-
stage equal i zer core 80 are varied according to the length of the MAR 2008
transm ssi on nmedium The value 4 | AR 2006 K, shown along the x-axis in Fig.
8, represents the percentage of the transfer function H(f) that needs to
be applied to an input signal in order to supply the gain necessary to -
equalize a transm ssion nediumof a given length. As the transm ssion

medi um | ength increases, the gain necessary to equalize the transm ssion
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control signals KI (at unity), K2 (at unity) and K3 would typically
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PCB trace were 15 inches in |length and each equalizer stage 82, 84 and 86

can gﬂ%gi kZE&4Lhd 8% NESr insthARNiftchchegtlatizGestae 82, 34nma isousTambleo{ providing K2

woul at” the val ue necessary to cause the second equalizer stage 84 to

equahhégﬁ%ﬁ%ﬁ%i’ gﬁfﬁ ' 305MSHRI Bnlgﬁlt-g‘gf% HPrpaRtc KGN B2l oARbPsighdl 1l Grould i S a

bl oc ow ' ng an exe equal 1 zet "system 100 such as descri bed
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106, a transmtter 108, and a transm ssion nedium 110. The (ta%u}g@P er _core
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mul tipl e-stage core as shown in Fig. 7, and operates, as_described above,
t10 cdibqaridab&0fioches, and the combined gain control signals K1 (at unity), K2 (at unity) and K3

would typically provide the gain for PCB traces from 20 to 30 inches. For example, if the PCB
trace were 15 inches in length and each equalizer stage 82, 84 and 86 can equalize 10 inches,
then K1 would be at its maximum value (unity), K2 would be at the value necessary to cause the
second equalizer stage 84 tc; equalize a 5 inch transmission medium, and K3 would be zero.

15 Fig. 9 is a block diagram showing an exemplary équalizer system 100 such as described
in the referenced '515 Application. This equalizer system 100 includes an equalizer core 102, a
slicer 104, an automatic- gain control circuit (AGC) 106, a transmitter 108, and a transmission
medium 110. The equalizer core 102 may be either a singlesétage core as shown'in Figs. 4 or 5
or a multiple-stage core as shown in Fig. 7, and operates, as described above, to compensate for

20  the losses incurred in the transmission medium 110. The output 112 of the equalizer core 102 is
coupled to the slicer 104, which converts the output signal 112 from the core 102 to a digital

output signal 114 having a known swing (A) that.approximates the swing (B) of the data sent

from the transmitter 108. Since the swing (B) of the transmitted data is known and reproduced




20 the losses incurred in the transm ssion nmedium 110. The out put 112 of
the equalizer core 102 is coupled to the slicer 104, which converts the :
out put signal 112 fromthe core 102 to a digital output signal & HA% P&5
a known swing (A) that~approximtes the swing (B) of the data sent from
the transmtter 108. Since the swing (B) of the transmtted data is known
and reproduced 5 2 MAi1 1~ 2U, '06 as the swng (A of the digital output
signal 114 fromthe slicer 104, the difference in energy between the
equal i zer core output signal 112 and the digital output signal 114
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det ecmergy logtain the sppgmipsian H@dwahélliga%@clr iy proportippal ta it§) lepgth. ﬁ"&e‘\é g‘ﬁ%pe
detector 122, an adder 124, and a sequencer 126. Operationally, the AGC
106 fdoniparss thé enargy ef ﬁlectqdalmer adre output signall Pl 2awidh thiedenergy off the idzgital output
frequenci es using the band-pass filters 116 and 120. The advant age of

fisl t egigm 114 EodDthe Slicer 208 tolpdtictaa¢ thellatiédhtrbl fgaalK.114 to their m d-band
frequencies is explained in detail in the '515 Application. Follow ng this
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I f, however, the equalizer core 102 is of the multiple- stage type, then
the smifrbarskfreqacics usingdhe band:passdilters b6 @ad i 200rthecadventgaa | of ilteriam thee

adder 124 into a plurality of multiple-stage gain _
10 . core and digital outputs 112 and 114 to their mid-band frequencies is explained in detail in the

'515 Application. Following this filtering function, the AGC 106 then detects the signal energy
of the two band-limited signals with the envelope detectors 118 and 122. Finally, it determines
the difference between the two signal energies with the adder 124, which provides the gain
control signal K. If the erqualizer core 102 is single-stage, then the gain control signal K is
15  typically coupled directly to the core 102 to control the variable gain as described above. If,
however, the equalizer core 102 is of the multiple-stage type, then the sequencer 126 is used to
convert the gaiﬁ control signal K from the adder 124 into a plurality of multiple-stage gain
control signals Ki, such as K1, K2 and K3 described above with reference to Figs. 7 and 8. In
either case, the gain control signal(s) K (or Ki) enable the equalizer core 102 to equalize the core
20  output signal 112 by forcing it to the same energy level as the digital output signal 114 from the.
slicer 104. A further description ﬁf the AGC 106 is provided in the above referenced '515

Application.




control signals Ki, such as KI, K2 and K3 descri bed above with reference to
Figs. 7 and 8. In either case, the gain control signal(s) K (or i?,gn@%be
the equalizer core 102 to equalize the core 20 output signal 112 yﬁﬂ r €4¥dg
it to the sane energy level as the digital output signal 114 fromthe
slicer 104. A further description of the AGC 106 is provided in the above
referenced '515 Application. - 2 MAR 2205 One skilled in the art wll
appreciate that the signal swing (B) at the transmtter 108 nmust be known
a priori and accurately replicated by the slicer 104 if the equalizer
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and t Fg KROWH %éarﬁ)‘ﬂ all ace ra?JW E‘)ﬁﬁcgﬂeg ib&/%e QiR Yb4 $f GRRbudiier Widtém inf)es{ﬁEgv}ﬁ 5

result’in a gdin (equali zat error. For exanple, an increase in

ing.(B) of the t itied i lowill f .the AGC.| 6 ttl
o0 i Bl B R S e A B B R TR bRl ©
(under-equalization). Simlarly, a decrease_i n, the swin gé:,l?f) %f @hgﬁ
t r ans (B} gtethe trgngmiiier WPF png themignal sWaREeA)Rfuthe idigiel ehtpu‘Eg} ali K4y #ly (B)

of the transmtted signal were tightly controlled, simlar equalization
er § or sesuiyn beainalegealizbiiondicsront Ebr exumile aiipreade in thepawing (B of thg t{aaymitted
generated by the slicer 104. Such m smatch errors may be caused, for
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core output signal and a sw n?- control input, and converts the core output
silfnalswing (A) generated by the slicer 104. Such mismatch errors may be caused, for example, by

variations in temperature, power supply voltages, or manufacturing processes.

SUMMARY

A transmit a-mplitu’de independent adaptive equalizer is provided. One embodiment of

15  the equalizer comprises an -equalizer core, a controllable-swing slicer and an amplitude control
loop. The equalizer core is coupléd to an input signal from a transmission medium, and
generates a core output signal by applying a frequency dependant gain to the input signal to
compensate for losses incurred in the transmission medium. The controliable-swing slicer is
coupled to the core output signal and a Swing control input, and converts the core output signal

20  into a digital output signal hﬁving a variable swing that is controlled by the swing control input.

The amplitude control loop is coupled to the core output signal and the digital output signal, and

generates the swing control input by comparing the core output signal with the digital output

signal.




20 into a digital output signal having a variable swing that is controlled
by the swing control input. The anplitude control loop is coupled thﬁ o
core output signal and the digital output signal, and generates t emrﬁgg
control input by conparing the core output signal with the digital output
signal. - 2 MAR 20006 A second enbodi nent of the equalizer conprises an
equal i zer core, a fixed-swing slicer, and a control |oop. The equali zer
core is coupled to an input signal froma transm ssion nmedium and a gain
control input, and generates a core output signal by applying a frequency
dependant AQ&icond embbdimenpot the iegidlzer dhaprisee aneqaslizéepana fixe@aiving Sicer,
controlled by the gain control input 5 and conpensates for |osses incurred
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30 0 i lE oAl QB A8 LOATEL WeSlor B kol A8 S BRLR e Bl HSRLPRNE.

Si gna e equaltzernesre npu ares I n u al
é“afﬂ AV PP ROmINE the 184}%'@3@ G ohub et ”ﬁlﬁlﬁh%e%{%ﬁaai{ i B 1@6%
ut signal, and applies a frequency dependant gain to the anplifier
0 puoutpit @gg@rto @approximate a normalized energy level difference, and generates the gain control

input.

A third embodiment of the equalizer comprises a variable gain amplifier, a variable gain
amplifier control loop, and an equalizer c'oi'e. The variable gain amplifier is coupled to an input
signal from a transmission ‘medium and a variable gain control signal, and applies a variable gain

15- to the input signal to generate an equalizer core input signal having a pre-detemined signal
swing. The variable gain amplifier control loop is coupled to the input signal and the equalizer
core input signal, and compares the input signal with the equalizer core input signal in order to
generate the variable gain control signal. The equalizer core is coupled to the equalizer core
input sigﬁal, and applies a frequency dependant gain to the amplifier .output in order to

20 compensate for attenuation of the input signal caused by losses incurred in the transmission
medium,

A fourth embodiment of the equalizer comprises a variable gain amplifier, an equalizer

core, a fixed-swing slicer and a variable gain amplifier control loop. The variable gain amplifier




20 conpensate for attenuation of the input signal caused by |osses incurred
in the transm ssion mnedium A fourth enbodi nent of the equalizer, éqgﬁ%%ées
a variable gain anplifier, an equalizer core, a fixed-swing slice ' 6
variable gain anplifier control |oop. The variable gain anplifier 8 (r) 2
MAR 2005 is coupled to an input signal froma transm ssion nmediumand is

al so coupled to a variable gain control signal. The variable gain
anplifier applies a variable gain to the input signal in order to generate
an equalizer core input signal having a pre-determ ned signal sw ng. The
equal jsz80pie@ i an irHuf SigRAIBHoh G frRNBAISH MEGunCAi®Eis alRouplddNdla vaandicapihi es

a frequency dependant gain to the 5 anplifier output in order to conpensate
for attenuatiaon-Qf the J i I S L Qcur I N
the +fEhFsofo s nie I aBhEAE csb gt o s AR Bie SERPAHEEA &L
slicer is coupled to the caqre u{ﬁigut Si %nal ,..and. co vertsTﬁ?he cqre out put
i gnaBeTerRtd ameqaliFera0T Bt ENA AGRAE IV RRETRIREN Sleas LBe i HE GO gRFore

swing. The variable gain anplifier control |oop is coupled to the core
out puts eiugies] toathd aguelizéir giora inpwt tsigmel, sAngrenplien adfreanepel dspelant sie Qubgut
10 signal with the digital output signal in order to generate the variable
ga8 n g@plifier ouspug fabrdeBiedl dompdh SERId? Bitehtfion D Ehc RN MR Hiagis chusest by lokesk

di agram showi ng the use of an equalizer in a typical serial digital data

COMMURGAEd G the HnSifissidn Whédiimamndi geRkrates laidad ohtpuf g N THeekkddbywibig Blider
transmssion nmedium 15 Fig. 2 is a graph showng the loss (in dB

el Byl R85 Oy Tl G B BEHCRUOY BBk i
o 2P ISt T, VRSSO Sy L B i o, B

that inplenents the inverse | oss function .
coupled to the core output signal and the digital output signal, and compares the core output

10  signal with the digital output signal in order to generate the variable gain control signal.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing the use of an equalizer in a typical serial digital'data-
communication system in \;vhich an input signal is transmitted through a transmission medium;
15 ) Fig. 2 is a graph showing the loss (in dB) incurred in the transmission medium, plotted as
| a function of both the length () of the medium and the frequency (/) of the signal;
Fig. 3 is a graph showing tﬁe inverse loss function G(J) plotted on the same axes as the
loss function L(f);
Fig. 4 is a block diagram of an equalizer core that implements the inverse loss function
20 GO
Fig. 5 isa blo.ck.diagram of an alternative equalizer core that implements a bandwidth-

limited inverse loss function;




20 ¢(.f); Fig. 5is a block diagramof an alternative equalizer core that

I npl ements a bandw dth limted inverse |oss function; 2 MAR 2005 Fig. 6 is
a graphical representation of the bandwidth-limted inverse |oss anmrgoppl}b
plotted on the sane axes as the loss function L(f) ; Fig. 7 is a bl ock

di agram showi ng a known mnul ti pl e-stage equalizer core in which each stage

I npl ements the inverse loss function f) ; 5 Fig. 8 is a graph show ng how
the gain control signals in the nultiple-stage equalizer core are adjusted
according to the length of the transmission medium Fig. 9 is a block

di agram s hBi@?. fgs agraegbﬁmeareﬁemm oiztbe beydwidin-bmupd myerbedessi fbactidm pidied
referenced '515 Application; Fig. 10 is a block diagramof an exenplary

t r ansgh theaBlel aikbelgs thelmpmd;@ah Hggptive 10 equalizer having a
control | abl e-swing slicer according to one enbodi ment of the clained

I nventi on; bl oc .a m of an | ar n

| ndependen-lF gaga'fiﬁ']l?}ga( g‘&t E}é ‘Hg\?qﬂ’&wé‘ IPPQ‘@EE r{'\g\%e e&ﬁaflizcrecfongg%gfﬁg«% ng (g
anot her enbodi nent. of the clained invention; Fig. 12 is a block diagram of
a_tr afieas iPIADERE tfdnyevelosh§relpR G/ s or an equalizer; 15 Fig. 13 is a

bl ock diagramillustrating an exenplary inplenmentation of the received data
swfng det egt dg @Hs 8 igfaphishowing Howetheqaih ¢onprol sighdin e hadtiplerstagerequalizes howen i n
Fig. 12; Fig. 14 is a block diagram of an exenplary transmt anplitude

i”depﬁf%%msteﬂd&%ﬂdﬁfgto%ﬁhfgﬁ%ﬂh@ﬁ&ﬂsﬁii%xﬁn}é&iﬁh@b' e gain anplifier. 20

Fig. 9 is a block diagram showing an exemplary equalizer system such as described in the
referenced '515 Application;
Fig. 10 is a block diagram of an exemplary transmit amplitude independent adaptive
10  equalizer having a controllable-swing slicer according to one embodiment of the claimed
invention;
Fig. 11 is a block diagram of an exemplary transmit amplitude indépendent gdaptive
equalizer having a fixed-swing slicer according to another emquiment of the claimed invention;
Fig. 12 is ablock d;agram of a transmit amplitude leveling circuit for an equalizer;
15 Fig. 13 is a block diagram illustrating an exemplary implementation of the received data
swing detection circuit and the core input swing detection circuit shown in Fig. 12; and
Fig. 14 is a block diagram of an exemplary transmit amplitude indei)endcgt adaptive

equalizer utilizing a variable gain amplifier.

20 DETAILED DESCRIPTION
Referring again to the drawing figures, Fig. 10 is a block diagram of an exemplary
transmit amplitude independent adaptive equalizer 200 having a controllable-swing slicer 204.

The equalizer 200 includes an equalizer core 202, a controllable-swing slicer 204, a gain control

10




DETAI LED DESCRI PTI ON Referring again to the drawing figures, Fig. 10 is a
bl ock di agram of an exenplary transmt anplitude independent adaptive
equal i zer 200 having a controllabl e-swing slicer 204. The equaVTibWAEOQJE
i ncl udes an equalizer core 202, a controllable-swing slicer 204, a gain
control 10 - 2 NMA R 2C 0 6 loop (G Loop) 206, and an anplitude control

| oop (A-Loop) 208. The G Loop 206 includes two high band-pass filters 220
and 222, two envel ope detectors 224 and 226, an adder 228, and a sequencer

230. Th i tud trol 208 i ncl band:
F1'1 choPARLoom 08B TVMEHIM RO B OB o the A OORALS B TAIAR AN o245,

'5 Qperationally, the anplitude i ndependent adapti ve equalizer 200 tracks
t he aijghi bandepaas filtatsi 229 ands222pwd wivglopt d2eotorsd24 rathgidbs aredddey 228 phd@ t he
swing of its digital output signal 214 to approximte the swing of the

t r ansRkddefebrd3ha ThBaAMUERIedIRrdlA66p (AL PY0S ihchides BRSIBWEBdr@Rpassfittetsra40s
frequency dependant, the |ow frequency portion of the equalizer’'s input

Si gna'ang%%rhe ew%eza DaLi8bisal Yink 036 dﬁhtas%aemrs than the higher frequency

portl ons qual zer 200 thus 10 tects the arrpl itude of its input

nal 210 I

r oxi mat ﬁneﬁ%wwmﬁ%%nﬁﬂéﬁw RosFabliube e‘%ﬁlezegéﬁé{t‘@ﬁ%sr BRI b
recel ves the in 210 froma transni ssi.on .um . and ene
core dthighs glpgﬁsagnai %38 WPﬁgaPﬁﬁ‘&an’Vdﬁ‘a’Im& Swg%?gfseﬁlh H?BP‘%P gﬁ‘gfognal
t hat has been attenuated during transm ssion over a transm ssion nmedium
The eaqppioiimate dbe swRGR of Shecaponted dataf oBeeause tlimidss ringiEeddins & SFAISEISSION t he
i nput signal 210 by applying an inverse loss function G f) as described

above mi¢diimriefiegeany depemdans.th@ 18y fldaacegusdrtiae of cloy equialiZerd mput signali YHs a
gain control signal (Ki) 234 fromthe gain control loop (G Loop) 206, which

cont r ghsws kittially #3P htt&thaBiyn Ttﬁhﬁ thé ﬁﬁgh%@%@&%@ woftdneN THef dquailZi® 2001tRus
out put signal 212 1s then coupl ed
10 detects the amplitude of its input signal 210 at a low frequency, and uses this low-frequency
amplitude to approximate the swing of the transmitted data.
" The equalizer core 202 receives the input signal 210 from a transmission medium and
generates a core output signal 212, The input signal 210 is preferably a digital signal that has
been attenuated during -transmission over a transmission medium. The equalizer core 202

15  compensates for attenuation and distortion in the input signal 210 by applying an inverse loss
function G(f) as described above with reference to Figs. 2-8. The equalizer core 202 also
receives a gain control signal (Ki) 234 from the gain control loop (G-Loop) 206, which controls
the gain applied by the inverse loss function G( f ). The core output signal 212 is then coupled
to the controllable-swing slicer 204, which converts the core oﬁtput signal 212 into a digital

20  output signal 214 having a swing that is controlled by the amplitude control loop (A-Loop) 208.
The A-Loop 208 isolates the low frequency portions of the core output signal 212 and the digital
output signal 214, and compares the signal energies of the two low band-limited signals to set the

controliable-swing slicer 204 to approximate the swing of the equalizer input 210 prior to

11




to the controllabl e-swing slicer 204, which converts the core output signal
212 into a digital 20 output signal 214 having a swing that is conirolled
by the anplitude control |oop (A Loop) 208. The A-Loop 208 isol &t és¥4mhelih
| ow frequency portions of the core output signal 212 and the digital

out put signal 214, and conpares the signal energies of the two | ow
band-limited signals to set the controllable-swing slicer 204 to

approxi mate the swing of the equalizer input 210 prior to 11 MAIDN 28ffil
transmssion. Simlarly, the high frequency portions of the core output

si gnalransmisgny Smlﬂlygﬁ}eahlgh HGAPRICY PPEieRs oF the coreontpyl sigral 23y apd gheydigital
control loop (G Loop) 206, which conpares the signal energies of the high
band- biiput signai2JAairs isplategenethatgaint ¢omtrghicopd Grboay) 206 gwhich(déinjpadR@he signal
Preferably, the low band-limted signals are centered towards the | ow end
of t h@nér%ﬁa@ Pftie HigeBAddMnatbd YWighalh tdgdrtaté fIRNBMN SottONsikRISES) 20E Prchirfml,
and the high band-limted signals are centered towards the higher end of
the t ) i L S :

si g Freci, bardREAL s W SHick REtohaRREL 1Y Bl bPAR B R fom ot which
ceptered at alterpative poi.nts wiithin.the transm.t ectrumas._|on S the
oot d ke oo REbRAT At B B pwertiRRSd i 0 B frTH R oSty
the A-Loop 208, the |ow frequency portigns of the core output signal 212
and t Righeniegdiof] the frasmits spavimm a which theofransapissign desses gi¢ BoTe-HEyEcant.
filters 240 and 242. The low band- limted signals are each coupled to one
of t h&lcevevet, direloveansichigh bagdrlimated sizndls miy bihcehdered it alternativegprants avidiyities .
The envel ope detectors 244 and 246 may preferably be conprised of ‘
recti tiaegrait speatune asillchgadd tensliospl 208higolatey adlewiet &padtral eafigienthin @i GELoop
devi ces capabl e of generating an output 15 signal proportional to the

si gnabhpgnergy of its input. The difference between the energy-Ievel

outputs fromthe envel ope detectors 244 and 246 is then determ ned by the

aggler 248. withiBfRL A0l dop 30 (ENONeehbPpERERs PG bRbSsiBa1 224 Rhl e e

ener gy-| evel output
. digital output signal 214 are isolated by the low band-pass filters 240 and 242. The low band-

limited signals are each coupled to one of the envelope det_ect_ors 244 and 246, which detect the
signal energies. The envelope detectors 244 and 246 may preferably be comprised of rectifiers,

but could altematively be 'any device or combination of devices capable of generating an output

15  signal proportional to the signal energy of its input. The difference between the encrgy-level
| outputs from the envelope detectors 244 and 246 is then determined by the adder 248.
Preferably, the energy difference is calculated by coupling the energy-level output from one
envelope detector 244 as a positive input to the adder 248, and the eﬁergy-lcvel output from the

other envelope cietector 246 as a negative input to the adder 248. In this manner, the adder 2487

20  generates a swing control signal 249 that is proportional to the energy difference between the
low band_-limited signals. The swing control signal 249 is coupled to the controllable-swing
slicer 204 to control the energy level of the digital output signal 214. Operationally, the A-Loop

swing control signal 250 forces the swing of the digital output 214 to match the swing of the low

12




envel ope detector 244 as a positive input to the adder 248, and the
energy-level output fromthe other envel ope detector 246 as a negative
input to the adder 248. In this manner, the adder 248 20 gener at &s< &18widigH
control signal 249 that is proportional to the energy difference between
the low band-limted signals. The swing control signal 249 is coupled to
the controll able-swing slicer 204 to control the energy |evel of the
digital output signal 214. Qperationally, the A-Loop sw ng control signal

pACE U LSRN T s e

band-limted core output is typically not significantly attenuated by the
t r ansrAtBRYRd PYdihe FHanemissioR; mgdigm, tthe swing ehitheodigpak optput 24 ih tusrmade tto
approximate the swing of the equalizer input 2 10 prior to transm ssion.

W t hi repphexiBGateabp s@0g, ofttieeduialineringut @40 @rioy toppartsimdssionof t he core out put
signal 212 and 5 the digital output signal 214 are isolated by the high

band- pass fWithed the230.03p2082¢he hifiter fRADEWYS G0l ofithe cheBhtRANTHARI$2 and
filters 220 and 222 are preferably set to i'solate the -frequency band in

whisch : +Z 8 sl Welp ' Lgnifi.cC VoA b

(T anore S SRR, SRR A1 R RbI bl InEitan bR Y REF 22 nlbe
been band- it t he hi gh hands,pas jlters. 2 and 22 he_.si gnal s
are r g%aﬁlggt“#tg]%f’gﬂtegﬁ%l? EWC{JB&F ﬁﬂte{sn ”51?25[41%1'3&5 P@B’es“{g" ﬂﬁf’éﬁ :ﬂ?ﬁ grecﬁ%i‘c%nd
226, each of I ch genejates an .energy-|evel output r\%gfgrtional to the

si gnal bandni@y yinichs they eﬂ“ﬁ(&%ﬁstlngvtgﬁaw ISJ sl PigRHK ped thy BpestgiysipBy el
- outputs of the envelope detectors 224 and 226 is preferably determ ned by
coupl ilagseanOnep dragore andigitak euiputa 212 and g4 heoee baenpandimitadeyatlid digloBsdand
coupling the other energy-level output as a positive input to the adder
228. Tiwss diltbey 220 Gnidh222, ghosighBsar Rsp@tieelyt aapldiato tieOitpi6lof Sthg e elofy

232 that is proportional 15 to the energy difference between the
bamd- | deféci@d 2097fd 206, SeBbF Mhid fepbiatdl HHefy-BeQAHZF pRortional to the signal
energy of its input signal. The difference between the energy-level outputs of the envelope
detectors 224 and 226 is preferably determined by coupling‘one energy-level output as a negative
input to the adder 228 and coupling the other energy-level output as a positive input to the adder
228. The adder 216.then éenerates a single-stage gain control signal (K) 232 that is proportional
15 Vto the energy difference between the band-limited core and digital output sigﬁals. Because this
energy difference approximates the .energy lost during trahsmission over the transmission
medium, the single-stage gain control signal (K) 232 settles to a valué proportional to the
transmission loss which is a function of the length of the transmission medium. The single-stage
gain control signal (K) 232 is coupled to the sequencer 230, which generates the gain control
20  signal Ki 234 that is fed back to control the gain of the equalizer core 202 as described above
with reference to Figs. 7 and 8. Alternatively, if the equalizer core 202 is a single-stage equalizer

core as described above with reference to Fig. 4 or Fig. 5, then the single-sté.ge gain control

signal (K) 232 may be directly fed back to the equalizer core 202.
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energy di fference approxi mates the energy | ost during transm ssion over the
transm ssion medium the single-stage gain control signal (K) 232 ﬁt% Bohe
to a value proportional to the transnission |loss which is a functi f 4500
the length of the transm ssion nmedium The single-stage gain control

signal (K) 232 is coupled to the sequencer 230, which generates the gain
control 20 signal Ki 234 that is fed back to control the gain of the
equal i zer core 202 as described above mﬁth reference to Figs 7 and 8.

Alternativ I.f, . the . equali.zer core 20 st age l'i zer ore
as descri bﬁa@%%’ © RPEF ?Qﬁgﬁ@é‘yt@qﬁl coﬂ“ ef%?%lfhe ufa%etﬂ ment the A-

si ngl e sta gain control signal (K) 232 may be directly fed back to the
equal ik 2@%@“‘2@2 G-Lgop 204 shawarin Fig. Ehobprinsanes deer Atlowp 208aandrtheG-Lopps
of control | ers could be used to inplenment the A- Loop 208 and the G Loop
206 shznmiag b gmplefhentedrasi ¢igieancpropbhiondt beepcod8llanP-Thpge)Gahoapgra OGpeay
be i npl-emented as either a proportional type controller (P-Type), an

i nt egr @ntloyBe(l- WB 6Pk le8fbiratidy coAtrOAED! TR {rhPIBmBht th¥ @L%eptzb@us% 1-TO
i npl ement the G'Loop 206 as an | Type controller, for exanple, an

' n%egr-%}%r Cf;n[léloilél) i&oéﬂaﬂlﬁ? a%ﬁﬂ%lg?ag ﬁlyﬁ%gu I’\Jee t?o%gfed 't?e%\%%é?ﬁn%n 4d|agr gg@%ﬁ&cer

on, to marntal he S Loop and
the G_,Loop 206 e preferab ted.a dlffere ntr er. t
Such 1 HESSRHECTAA B S sl GHOHIY 8 uomeitahiint ArLocalY St MDER.
For exarrpl e, the G Loop 206 may preferably be inplenented as a sl ower
| - t ypelpgugi6 R PFEemRly ippleserptelos 41§feneﬁbmﬁ@|lipéwpa%mhft%t0@p cputrgideop 206
| oop. Fig. 11 is a block diagramof an exenplary transmt anplitude .
i ndepeerde(f haxda iomirant diuea onsent/pol. hBer cigmzplé,i the 3-£nbp Q0S| e prefrtbly be
this exenplary enbodi nent, the anplitude independent adaptive equalizer
300 i niedplelasntad a@ﬁ&&iv&dﬂﬁyﬁ@kﬁpﬁ&ﬁile ths ALap Bi¥is igiptenter®eNid flfaster P-Type

10 loop.

Fig. 11 is a block diagram of an exemplary transmit amplitude independent adaptive
equalizer 300 having a fixed-swing slicer 304. In this exemplary embodiment, the amplitude
independent adaptive equalizer 300 includes an equalizer core 302, a slicer 304, and a control
loop 305. The control looi) includes a- core-side low band-pass filter 306, a core-side high band-

15 pass filter 308, a slicer-side low band-pass filter 310, a slicer-side high band-pass filter 312, four
envelope detectors 314, 316, 318 and 320, a core-side multiplier 340, a slicer-side multiplier 342,
an adder 322, and a sequencer 324. Operationally, th: equalizer 300 utilizes a fixed-swing slicer
304, which is independent from the amplitude of the equalizer's input signal 3 32. To accomplish
amplitude independence and maintain optimal equalization, the equalizer 300 calculates the

20 necessary gain by first normalizing the energy level at the outputs ‘of the equalizer core 302 and

the fixed-swing slicer 304 with respect to their low-frequency amplitudes, and then comparing

the normalized signals.
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| oop 305. The control |oop includes a core-side | ow band-pass filter 306, a
core-side high hand 15 pass filter 308, a slicer-side Iom/band-ﬁﬁgfpﬁgjp@m
3 10, a slicer-side high band-pass filter 312, four envelope detettors
314, 316, 318 and 320, a core-side nultiplier 340, a slicer-side nultiplier
342, an adder 322, and a sequencer 324. Operationally, the equalizer 300
utilizes a fixed-swing slicer 304, which is independent fromthe anplitude
of the equalizers input signal 332. To acconplish anplitude independence
and mai ntain optinmal equalization, the equalizer 300 cal cul ates the 20
necessary dgaiereauplizercore 3 regeives ag inpvé signal 332 frewed transmiksion meadinms a0f & he
equal i zer core 302 and the fixed-swing slicer 304 with respect to their

| ow f patiueontinl sigabl (KIY863 fimnadtheentreLIpABI08g A decribsd@ovzetheSdqohiades .corel 4
The equal i zer core 302 receives an input signal 332 froma transm ssion

medi umoand,Bes DRLGheROPEERdR SR to (hE dquafZer ihNsidha] FOUS PhinkQOPo PR gafts |
al % r%

descri bed above, the ‘eq I zer core 302 appltes a frequency dependa gai n

to the egual.i zer....nput signal 332 a funct,hon.of the gain. ¢ rol .signal
(i) SRR (Ruo Bl enBhe 10 ol 5287 1de sorSoRfiThie™d sl Bul"Ts
then 5 coupled tQ the fixed-sw ng slicer 304, which conyer the core.

oug putcouplgh e ﬂsﬂzgx'?dg-%mg 5311051". 30, whach penvegs éhﬁporszaﬂmaﬁ%i 32? ek digitaly.
Preferably, the swing (A) of the digital output signal is fixed at a
noni nautpebsignalai28aveng & dixed pwingp Jirefgfabdy; the swingi () of theodigitel ewjpiatl sigrel i800.
Because the equalizer 300 is independent of the anplitude of the input

Si gnalfixsd2t ahowdnarvalucha whicihdata A} mast oftle trdnghittad 6 tHecauabizdrB00. 3R& almy

not approximate the swing of the equalizer input signal 332 10 prior to

t r ans AhS&diRfzer BUOIS ilefendent FRES inpBlure dﬁ&ﬁﬁﬂi;nﬂ%i ¢330 B8 RSvér el (A) t he
transm ssion medium and achi eve optimal equalization, the control | oop 305

cor o ShTPERERACHRL! Sl S8 hat b spphduB e soiflool (€ ERATAY iy Siendl 330
(erﬁgre(rﬁrfr?\é (te? hgnmgrﬁigggge%ﬁgreﬁ)qglt{) ta%@'u?%tefiﬁéé%én%jﬁé’ H‘Pealglssrég i&cﬁ%eg Lot ael t?‘a.t}s?nission

medium and achieve optimal equalization, the control loop 305 sets the gain control signal (Ki)

by normalizing the energy level of the core and digital output signals 328 and 326 with respect to '
their respective low-frequency amplitudes before comparing the signals to dletermine the
necessary gain to be imple':inented by the core 302. The control loop 305 may be implemented,

15  for example, as either a proportional type controller (P-Type), an integral type controller (I-
Type) or a combination PI-type controller,

Within the control‘loop 305, the low frequency portions of the core output signal 326 and
the digital output signal 328 are isolated by the core-side low band-pass filter 306 and the slicer-
side low band-pasé filter 310, respectively. The center frequency of the low band-pass filters

20 306 and 310 is preferably chosen to match the frequency band at which the equallizer input signal
332 exhibits minimal attenuation. Similarly, the higher frequency portions of the core output

signal 326 and the digital output signal 328 are isolated by the core-side high band-pass filter 308

and the slicer-side high band-pass filter 312, respectively. The bandwidths of the high band-pass
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necessary gain to be inplenented by the core 302. The control |oop 305 may
be inplenented, 15 for exanple, as either a proportional type controller
(P-Type), an integral type controller (1- Type) or a conbination Pl-type
controller. Wthin the control |oop 305, the |ow frequency porfi@mﬁﬁpﬁm%ﬁe
core output signal 326 and the digital output signal 328 are isol ated

the core-side | ow band-pass filter 306 and the slicer- side | ow band-pass
filter 310, respectively.. The center frequency of the |ow band-pass
filters 20 306 and 310 is preferably chosen to match the frequency band at
whi ch the e%uallzer i nput signal 332 exhibits mninal attenuation.

Si i | &itess, 308nandn} ighee m@@tﬂbéhéboﬁﬁﬂrtpﬂﬁmétedhe f1eguensy bapd b rhick thenegualze and
the digital output signal 328 are isolated by the core-side high band-pass
filteinpd®8ignalriB2tibatteviubtedrand idikordby thendnpassioh nhédtum 3 Te enegydetel vélhe.
The bandw dt hs of the high band-pass 15 2 MAR 2006 filters 308 and 312 are
pr ef efgiiuy of&ﬁﬁ%& BadsSAA1V6! 568, 31634879 ﬁJﬁfaH defertica byt die (ﬂ'q}i@lalh\@épe

i nput signal 332 is attenuated and distorted by the transm ssion medi um

The ene f t 8

312 | SARER SF o1 i R0 i B S8 wERE RoBHa AR bl o1 (S VAT
318, each of which 1gener tes an energy-level signal (a, x, b, and y) 5
prépoﬁ?ﬁ?ﬁ%‘?naﬂ@@’ﬁé SREPHYSBPUts input. In anplitude dependant equal i zer
systens, such as descri bed above with reference to Fig 9, the ener '
| evel si gndhsmplitudadepgndent equatizerisystems g ae fessabed @bpvgfwmhéef@rén@ )
slicer outputs 326 and 328 are conpared to force the energy |evel of the
core ®uthpuinesgyuatel signelzgx lkandwi femiae gigh frequehcioportibe of kliecanre and pliter Extputsy) .
This relationship between the energy-level signals (x and y) 10 loses its

si gni f3ngaRg 828 ARV RiareddEBrdeNBe SM¥rfg1ev) ofdRO E6rd loathub kqlidl €0 Hd laRfwn3ergys
not substantially equal to the swing of the data prior to transm ssion.

Thus, | U
us 1&%1 S ReiRAY §ut£;8 U yt)hghﬁ at iR BeH e th@%kfgg;lgfﬂes%@ﬁls (x and ¥)

ener gy-1evel signa req ency portion

10  loses its significance, however, when the swing (A) generated by the slicer 304 is not
substantially equal to the swing of the data prior to transmission. Thus, to compensate for an
unknown input signal amplitude, the energy-level signal (y) of the high frequency portion of the
digital output signal 328 is weighted with the energy-level signal (a) of the low frequency
portion of the core output eignal 326. Similarly, the energy-level signal (x) of the high frequency

15  portion of the core output signal 326 is weighted with the energy-level signal (b) of the low
frequen'cy portion of the digital output signal 328. Widl reference to Fig. 11, the core-side
multiplier 340 multiplies the signals a and y to generate the output a*y, and the slicer-side
multiplier 342 multiplies the signals b and x to generate the output b*x. This multiplication
function is equivalent to normalizing the energy levele of the core and slicef outputs 326 and 328

20 with respect to their amplitudes (x/a is the normalized core signal and y/b is the normalized slicer
-signal).

To determine the single-stage gain contro.! signal {K) 330, the energy-level difference

between the weighted signals (a*y and b*x) is measured by the adder 322. If the equalizer core
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digital output signal 328 is weighted with the energy-Ilevel signal (a) of
the I ow frequency portion of the core output signal 326. Simlarly, the
energy-1level signal (x) of the high frequency 15 portion of the core output
signal 326 is weighted with the energy-level signal (b) of the,ngFﬁJ N
frequency portion of the digital output signal 328. Wth referen W& ﬁmi
11, the core-side multiplier 340 nultiplies the signals a and y to
generate the output a*y, and the slicer-side nultiplier 342 multiplies the
signals b and x to generate the output b*x. This nultiplication function
IS equivalent to normalizing the energy. | evel s of core.and slicer

out pusd? 3s Gnulialeseics dne (RF Fieelseten Gnamiroh A (S {S IS SPusied 8" he
normal i zed core signal and y/b is the nornalized slicer signal). To

det er mtquencdnd24; which-gsnergies dd grin epntral|sigiabda) 3K thag sofedihaek émEregapbizes|
difference between the weighted signals (a*y and b*x) is neasured by the
adder ¢g2302 &s ddreribetl abdvaer ARenativkby,-if theMqiRliZa0org 36D 2s bmglhadtageptisersthage,
then the single-stage gain control signal (K) 330 is coupled to the

Seque@&%rgeﬁs;t% q%ag@'b&ﬁrcﬁ@fcggrag% fefbaBTy S8l BacﬂcQﬂPcch% téﬂﬁrégdhalle& Pord®d2t hakithe fed

back to™t I zer 02 as descri bed above. ternatively, if the

i ) 02 | I ngl e- t | gl e '
G e aies b P Sl il o ) fetion Rl 8] e 1080 BoARB ST B0,
o5y HRrAEEHSPIL HEMREe A2 R APTRAIERLOLY SFRPY 550 TSy

normal i zed with respect to their |owfrequency anplitudes (a and b), the
val uesmpfitudes §0auchtl), the BdvesfK A2 and Ki 368 taromafie proporional ihiheiteagsgission

| osses even though the anplitude of the equalizer input signal 332 is. an
unknowsssed Bvémitmugheheemplitiie ¢faibe emalizes|inpitgsighal (332) is348 ufkmowd. 330) this
forces the nornalized energy |evel of the 10 core output (x/a) to

appr ox ke tﬁé‘gaiﬁQ'!oﬁﬁ'bi £eHal RS 303 (@VIE1330f fdrbes Sl Rinalzddoettergy 13k ot t he
i nput signal 332 is corréectly ‘equali zed.

10 core output (x/a) to approximate the normalized energy level of the slicer output (y/b), and the

input signal 332 is correctly equalized.
| Fig.. 12 is a block diagram of a tfansmit amplitude 1eveling circuit 400 for an equalizer.
" This circuit 400 includes a variable gain amplifier 402, an adder 404, a received data swing
detection circuit 406, and a core input swing detection circuit 408. The variable gain amplifier
15 4027 receives an input signal 410 from a transmission medium with an unknown transmit
amplitude (B), and generates an equalizer core input signal 412 that settles to a fixed amplitude
 (A). The variable gain amplifier 402 also receives a variable gain control signal 414 that sets the
-gain of the amplifier 402 to either amplify or attenuate the input signal 410 to the fixed swing
(A) expected by the equaliéer core. The variable gain control signal 414 is preferably generated
20 by the adder 404, which compares the transmit swing (B) of the input signal 410 from tile
transmission medium with the swing (A) of the equalizer core input signal 412. The transmit
- swing (B) of the input signal 410 is calculated with the received data swing~ detect §ircuit 4b6,

which generates an energy-level output that is preferably coupled as a negative input to the adder
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Fig. 12 is a block diagramof a transmt anplitude |leveling circuit 400 for
an equalizer. This circuit 400 includes a variable gain anplifier 402, an
adder 404, a received data swing detection circuit 406, and a qgnemhapgt
sSwWi ng detection circuit 408. The variable gain anplifier 15 402 r ec éifviesiian
i nput signal 410 froma transm ssion nediumw th an unknown transmt
anplitude (B), and generates an equalizer core input signal 412 that
settles to a fixed anplitude (A). The variable gain anplifier 402 al so
receives a variable gain control signal 414 that sets the gain of the

anplifier_402 to either anplify or. attenu the, i t signal 410 to the
T Yed 490 Ao ovimg (B getheeonyper baredgenni s Boisdaicyhleduits Hirtors ot St o
signal 414 is preferably generated 20 by the adder 404, which conpares the
t r ans nietecsuiionif 408) whichigeneraisp at en¢rgndg¢vel outpiit e isipeeferablyreompledias i nastivEm
with the swing (A) of the equalizer core input signal 412. The transmt
SWi NQ ififk t6fthd héter ApYl 1sishnad bé destond) howedegdihai fiany gpesadaioned] ditwits
swi ng detect circuit 406, which generates an energy-level output that is

pr ef ercamdybffag@& & géiterfte R0 3fatiiBle | SHY lcobtPoll éigmadmr stch 494 ﬁfBE)@ftﬁiﬁ"aP Gy

of the equalizer cOre 1 nput signal” 412 is calculated with the core input
swi.ng det.ect circuit.408 . which erates.an = 2 hat is-
or ar scabF e sk s ueaL PP SoAREIPHAR Bha BORRBAGERPLRR AL D,
under st ood,__however,, that many types of control circuits oul'd he used to
gener at e t HACVEFSER] anplfude é%‘}rlﬂlpélm@}‘ﬁ r"i‘eS?fj ‘Eiﬂ?’%ﬁ‘é’ﬁfr%?t%g’ 6%’586?1?? nit %i‘eype
5 controller (P-Type), an integral type controller (I-Tyglgg?3 or a

conbi reguilizer BysteyppkdOcdnseribnd ahoveTwidh wefarennae do Aipl 9 by doupbng thangutpnt eite 400
may be inplenented, for exanple, in the equalizer system 100 descri bed
above vatihbie pafneaapitfier t40 2 fas ghe Bipbytocthe pliualizet bare AO2 p For examiple, iftbe eqisllizenai n
anplifier 412 as the input to the equalizer core 102. For exanple, if the
equal igg@em $9G1i8MohAPuled HOBHIAlRE afhtd PraBltHciZz d00mVt bADIAE tdagd iatin@OATV
and thé data is instead 10 transmtted at 1200nV, then the variable gain
cqQptr i I I f ] ign t Laph &t 9Rd N
S SR oty P U Smbly ot bkl Benonir Bl Rkt o

In order t educe the~si SW N

gain of the variable gain amplifier 402 to 0.666 in order to r_educe the signal swing of the
received data signal. If, however, the data is transmitted at 800mV as expected in the equalizer
core, then the gain of the variable gain control signal 414 would preferably be set to unity (1)} by
the variable gain control siénal 414, and thus the amplifier 402 would be operating as a buffer.

15 Fig. 13 is a block diagram illustrating an exemplary implementation of the received data
swing detection circuit 406 and the core input-swing detection circuit 408 shown in Fig. 12. The
exemplary received data swing detectiﬁn circuit 406 includes a low band-pass filter 502 and an
envelope detector 504. The low band-pass filter 502 preferably filters the input signal 410 from
the transmission. medium to a frequency range centered towards the low end of the transmit

20 spectrum at which the transmission losses are minimal. In this manner, the output from the low
band-pass filter 502 approximates the transmit swing (B) of the input signal 410. The output :
from the low band-pass filter 502 is then coupled to the envelope detector 504, which detects the

energy level of the signal and generates the output of the received data swing detection circuit. -
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received data signal. If, however, the data is transmtted at 800nmV as
expected in the equalizer core, then the gain of the variable gain control
signal 414 would preferably be set to unity (1) by the variabLe)gﬁﬁn?ur
control signal 414, and thus the anplifier 402 woul d be operatirg 48 &0
buffer. 15 Fig. 13 is a block diagramillustrating an exenpl ary

i npl ementation of the received data swi ng detection circuit 406 and the
core input swing detection circuit 408 shown in Fig. 12. The exenplary
recei ved data swi ng detection circuit 406 includes a | ow band-pass filter

502 and an _envel ope detector 504. The | ow band-pass filter 502 preferably
filters thelRef¥GMPATYRaTe BRY Sﬂ%&rﬂﬁﬁﬁ@nﬁl@ﬁg%gﬁ%ﬁ%ﬁ%%naslﬁ%a%n%y
range centered towards the low end of the.transmt 20 spectrum at which the
t r ansipwdiaond-passsiless S88cand ani enwvielopk detebiios S hnhhe fixedrewmgtsbiger JGtomconpled dav
band-pass filter 502 approximates the transmt swing (B) of the input

si gnalthd kQualizbe condtippht sifiQ)mIighehichivisanderpastsy thd §itver 308 s 4 diital ougpued
to the envel ope detector 504, which detects the energy |evel of the signal

and g%’,{?@%ﬁ%ﬁ%% ﬁﬂh%%yr?{féc{éﬂ ih BEdQaRzA Rbr, SIS gt ﬁ%ﬁl%‘ tiehtBtrdd P%ges

-4 2 he exe core input swng detection cfrcuit 408 iInc

a fixed-sw Lic 5 a,. |l ow band-pass, fi.lt 5 and an envel

cle ooty 1o SindasieE 308, Phish e GAPRLER S enaidlh afP e AN AL oY B 8% o6, o
i nput signal 412, which_ is converted by the slicer 506 into_a gi gi tal

out putthe fqvg hand-pass itHigT o s thedeceived deid,aving deteptiomeirani409. 2 Ehe BliiTad oppud
digital signal is then filtered by 5 the |ow band-pass filter 508, which
pr ef erfadshythé dew babdipaed iter §0H &t eoupled toythetanvelape dgtectanal Opfwhicth deteety the
band-pass filter 502 in the received data swing detection circuit 406: The
filteredrgyicpeliof tHer signdl land peveritenthe pagmt 61 theewimddetedionatifehizd08 0 Thheutput
envel ope detector 510, which detects the energy level of the signal and

gener afr@f thd6ore Wi lswitig S&iection (Mul Y08 GE 'B%r%w%' bled @8 thelH&xipwe iRpht tof hem
the core input swing detection circuit 408 is preferably coupled as the

D1 L L1 il AT SO AL S RS PU P 558 el
- coupled as the negative input to the adder 404. The variable control signal 414 generated by the
adder 404 is thus proportional to the difference between the transmit swing (B} of the input
signal 410 and the swing (A) e)-{pected‘ in the equalizer core. ’

Fig. 14 is a.block’ diagram of an exemplary transmit amplitude independent adaptive
15  equalizer 600 utilizing a variable gain amplifier 402. The equalizer 600 includes a variable gaiﬁ
amplifier 402, an equalizer core 202, a fixed-swing slicer 602, a gain control loop 206, and a
variable gain amplifier control loop (VG-Loop) 604. The VG-Loop 604 includes two low band-

pass filters 606 and 608, two envelope detectors 610 and 612, and an adder 614. |
The variable gain amplifier 402 preferably receives an input signal 410 that. has been
20 attenuated from its transmit swing (B) as a result of losses incurred in a transmission medium.
The variable gain amplifier 402 also receives a variable gain control signal 616 from the VG-

Loop 604 that controls the amount of gain applied by the amplifier 402 in order to generate an

equalizer core input 412 that settles to a fixed swing (A). The equalizer core 202 operates as
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coupl ed as the negative input to the adder 404. The vari able control signal
414 generated by the adder 404 is thus proportional to the difference
between the transnmit swing (B) of the input signal 410 and théH% g £A)
expected in the equalizer core. Fig. 14 is a block diagramof an<“e éﬁpﬁaﬁy
transmt anplitude i ndependent adaptive 15 equalizer 600 utilizing a

vari able gain anplifier 402. The equalizer 600 includes a variable gain
anplifier 402, an equalizer core 202, a fixed-swing slicer 602, a gain
control |loop 206, and a variable gain anplifier control |oop (VG Loop)
604. T 04 j ) = ' : :

envel chierSaaRBRe W p PR st M 180ES nRER30 b b SBanioedit aldt®
anplifier 402 preferably r | vV an input signal ,410 that has heen 20
P e SEREH St S ST ST iR 201 ORI SRR 1eBoBBeds TnduFren e
transm ssion nmedium The variable gain anplifier 402 al so receives a

var i abilisexyb0%h wloak convests gheabore xaitmut srgnah 618/@ito laodi pitd oxptmH i gned 620 dlaginghe
anount ‘of gain applied by the anplifier 402 in order to generate an

equal i fiesd ssing (AppTiie ghirPcdral l@pt2lcapetatesasidescibed wbag Wil refdleaceqibipl rer
core 202 operates as 19 described above to conpensate for transm ssion

| 0gsestol o] @Bk ighint Applibd BYSTRe SRJuaRzeFEcdrs P02 &R dord e P ESthBsnsBteC RIT S QALY
signal 618, The core outpuf signal is then coupled to the fixed-swi hg -

slicer | : it st i B ' §.0i put
st gnal A LHsEd AR e AR Rhy SRV IR ol el b Bleit P
described_above with reference to Fiaq. to,contro] - the gain i ed, by
e eclds FogHenEy Horthes b Kags obwut Siapah6Th abd G 1idish ontiy? il Bb ata

| osses incurred in the transm ssion nmedium The VG Loop 604 preferably .

i sol at @R the signal eppagigs ot Hisy yooleyv band-lmited simglsstip laenerﬁtyr@rz Baigblgrgpin he
digital output signal 620, and conpares the signal energies of the two | ow
band- | ¢amirobsigaalrfgbe Preferahbyn thedbw hand-limitédadieal gy aiercentermd: towdardsi the dw 646 of
Preferably, the low band-limted signals are centered towards the | ow end
0f1010 thberahsrain pectrufpAciichtitlonds &bnt e thaashRsioh hiydiid ard madfal. SHoMever,

medi um are mnimal . However,

the low band-limited signals may be centered at alternative points within the transmit spectrum

as long as the VG-Loop 604 isolates a lower spectral range than the gain control loop 206.
Within the VG-Loop 604, the low frequency portions of the core output signal 618 and
the digital output signal 620 are isolated by the low band-pass filters 606 and 608. The low
15  band-limited signals are each coupled to one of the envelope detectors 610 and 612, which
generate energy-level outplits that are proportional to the signal energies. Thé energy-level
output from one envelop detector 612 is preferably coupled as a positive input to the adder 614,
and the energy-level output from the other envelop detector 610 is preferably coupled as a
negative input to the adder 614. The adder 614 generates the variable gain control signal 616,
20 which is proportional to the difference bétween the energy levels of the low band-limited signals.

In this manner, the variable gain control signal 616 forces the output of the variable gain

-amplifier to settle at a swing level (A) substantially equal to the fixed swing (A) of the slicer.
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the low band-limted signals may be centered at alternative points within
the transmt spectrum as long as the VG Loop 604 isolates a | ower spectral
range than the gain control |oop 206. Wthin the VG Loop 604, the | ow
frequency portions of the core output signal 618 and the digital? Yatplils
signal 620 are isolated by the | ow band-pass filters 606 and 608. The | ow
15 band-limted signals are each coupled to one of the envel ope detectors
610 and 612, which generate energy-level outputs that are proportional to
t he signal energies The energy-level output fromone envel op detector 612
is preferably coupled as a_positive input to the adder 614 and the
energy- | ev#lls Hidpg? updegstoed ehapmmay tupsseploppnitollgist comldshe used for wpRlpmBNY the
coupled as a negative input to the adder 614. The adder 614 generates the
var i abi@Lgep 604 and thelgaii gmabl BbH 208 Ghavm hFigs 1 $r Baanstameathet \6Gillwp 604 or

di fference between the energy levels of the low band-linmted signals. In

this gRNESH cohh8l lﬁ%{:'z@@ Ba@dk Qm?l%ﬁﬂdn&id 8 9pRbpdRiénal W&dtﬂ‘&leﬁ@-ﬂ@?l epfart he

variable gain anplif |er to settle at a swing |evel (A substant y equal

T i i
s v eddibonotheoO-Ees g6 ol dhe B %ppe%eli & o e "rfﬁﬁaBH’eHF%lﬁ g*?

proportional type control I er (P-Type), an _integral type controller

(1 - Ty gifferent canicolsitypasiip arder éspemt%auabilm HyhgsY¥§i8e control l er (PI-Type).

5 1In addition, the VG Loop 604 and the gain control |oop 206 are preferably
i npl enent eThasemblodifnentsndescbed: bétesr atey pesmples af dgructuwresyadysteaisn os madshbds v
in the system The enbodi nents descri bed herein are exanpl es of structures,

Syst emviag dEh&as TorrBsPontigigeloetlie ¥lém&ns bEIRO i enfloh Gedittd @ ehieedlhisasOl Thive
invention recited in the clainms. This WI’I tten description nay enabl e those

ski | | &iden déae?ﬁ %ﬁﬁe%s'seusﬁsu kS oY 7 JQ cﬁﬁiS&ﬁ&%ﬁt‘sW?avmg[
el enents t hat ew s correspond to t e e enents of the invention recited
in.the

10~ alternative elements that likewise correspond to the elements of the invention recited in the
claims. The intended scope of the invention thus includes other structures, systems or methods
that do not differ from the literal language of the claims, and further includes other structures,

systems or methods with insubstantial differences from the literal language of the claims.
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clainms. The intended scope of the invention thus includes other structures,
systens or nmethods that do not differ fromthe literal |anguage of the
claims, and further includes other structures, systens or nmethods with

i nsubstantial differences fromthe literal |anguage of the clains® 2MARe 505
cl ai m“%L. An_ equal i zer, conprising: an equalizer core coupled to an input
si gnal ‘-‘r%ﬁ\“& transm ssion nediumthat applies a frequency dependant gain
to the input signal to conpensate for | osses incurred in the transn ssion
medi um and generates a core output signal; a controllable-swing slicer
coupled to the core output signal and a swing control input that converts
t he col.eAauipalizesiconplisingt o a di gital output signal having a variable

sSwWi ng, wherein the variable swing of the digital output signal is

control | ed ByehhfzedoRd: [HdrtelanFﬁwﬁignﬁ%ﬂﬁ_tﬁﬂ%iskﬁﬂ%%rﬂt abpﬁgst a

coupled to the core output signal "and the digital output signal
conpar t put. si i th.the digital t put signal, and
gener aﬁgas ep ﬁé&%ﬁ% ﬁ%ﬂ g@%‘ntp ?%%ﬂshb%#&m? cgﬂ)%e“gﬁfﬁg?ri lggﬁﬁgg}cuﬁrﬁg?#hf, wherein
t he anplituyde coné.r ol loop is configured,as a proportional (P-type) control
| oop. BADSEHSSIIyRSHiDLnd genenales ¢ core GiRpNtSignaline anpl it ude control |oop is
configures as an integral (I- type) control |oop. 4. The equalizer of claim
1, wherein & pentzatlabletavdog sliner couplédiophe sorcmufpiug sigeal and assvapghomted!iioput
proportional -integral (Pl type) control l|oop. 5. The equalizer of claiml1,
wher ei that duevenpthietcosteoutputttsighlal incoP dizdapaitpetSigndlhavihg a Warjabl®swing, wherein

the variable swing of the digital output signal is controlled by the swing control input; and

an amplitude control loop coupled to the core output signal and the digital output signal
that compares the core output signal with the digital output signal and generates the swing

control input,

2. The equalizer of claim 1, wherein the amplitude control loop is configured as a proportional

(P-type) control loop.

3. The equalizer of claim 1, wherein the amplitude control loop is configures as an integral (I-

type) control loop.

4. The equalizer of claim 1, wherein the amplitude control loop is configured as a combination

proportional-integral (PI type) control loop.

5. The equalizer of claim 1, wherein the amplitude control loop comprises:
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a first filter coupled to the core output signal that generates a first
frequency band-limted signal; and a second filter coupled to thg digital
out put signal that generates a second frequency band-linmited sigmaf;Mip 2705

TR e

wherein the first and second frequency band-limted signals are conpared by

the anplit trol..l . 6.. The ual,izer of claim5, wherein the first
and second afut?ﬁ%E é&% Cnglgggﬂa}feﬁ%e PP‘PPﬁgg?ﬂéﬁagéF%ﬂﬁtﬁﬁﬁ st fgougngy band-limited
“digital outpyt signal to a frequency range at which the input signal incurs
no si gﬂiﬂmhéa t losses fromthe transmi ssion nmedium 7. The equalizer of
claim5, wherein the first and second filters respectively filter the core
out put  si gnsdconddilteheodplgd ttal theuligitd antygiasigrad titat fdeABMBRCY sécRE SfréAREHS
the lower end of the transmt spectrumof the input signal. 8. The

equal iagd-lidited! signa;5, Wherein the first and second filters are

| owf r equency, band- pass filters. 9. The equalizer of claim1, wherein the

Geterming aneen, BOFR: e KEERCHRMIEY ot Mo BeRR pRCCERMAR S b

si gnal rei e anplitude control | oop conpares the energy |evels of
the c&Pl ﬁﬁﬁngfGHﬁ1 and the digital output signal. 23 2 MAR 2005 10.
The equalizer of claim5, wherein the anplitude control |oop further
conprises: a first envel ope detector coupled to the first filter that
generates a first energy-level output signal as a function of the first

f r equéncBhetsgnalizer of tletn §i wheilejn thadirst and cegvald dilesd rep:cetlgaliRF bt Stpho
the second filter that generates a second energy-
signal and the digital output signal to a frequency range at which the input signal incurs no

significant losses from the transmission medium.

7. The equalizer of claim 5, wherein the first and second filters respectively filter the core output

signal and the digital output signal to a frequency range towards the lower end of the transmit

“spectrum of the input signail.

8. The equalizer of claim 5, wherein the first and second filters are low-frequency, band-pass

Afilters.

9. The equalizer of claim 1, wherein the amplitude control loop includes a plurality of envelope
detectors that determine an energy level in the core output signal and the digital output signal,

wherein the amplitude control Joop compares the energy levels of the core output signal and the -

digital output signal.
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-l evel output signal as a function of the second frequency band-limted
signal; wherein the anplitude control |oop conpares the first and Ao

energy-level outputs. 11. The equalizer of claim 10, wherein the f1r ei"r‘i"d6

second envel ope detectors each conprise a rectifier. 12. The equalizer of

claim 10, L0t f.irst .and second.envel o detectors each conprise a
mul ti pf@eﬁ@%ﬁh%ﬁe&gm%?%}ﬂ%’? a&p;ﬂ,}tgc,le Mglwpt%hgﬁﬁm%% control

| oop i ncludes an adder that. conpares the core output signal with the
digital out 5%‘!’“91& gpe defectorrepupleg ta the st Biterghati gendretes wHasednergyhievehqitpttude
control loop further conprises: an adder coupled to the first and second
ener gysigealels adungiionsftirafirsg fraqueatp banditingted signalgend rol i nput. 15. The
equal i zer of claim 14, wherein: the first energy-level output signal is

coupl ed as a spassidtdnvelob®Refecio? chiifle@ 6l fle seatt filtBemae g%&?aﬁgﬁrs_gé’@%% 06

out put signal is coupled as a negative input to the a

16. Th I e i transm.sspan. nediumis a coaxi al
cabl e. fae‘1’§F.1:H%ndet% Sja).%si éz:%!?lbt(r]}}r}%ﬁ%?%c%ba\ﬁegﬁgcﬁ%ﬂghwgﬁmgi on nediumis a
printed circuit.board trace. . The equalizer of claim1, wherein the
transm ssi OWHFF&H} %&ap’é’h&‘ad%é:é’?g%gﬂ@ °9‘§Pﬂ?ﬁg‘°é§ﬁeﬂfﬁdzﬁ§?°®fm@¥§1—}%ﬂl oufpigs.ei n
the frequency dependant gain is applied to the equalizer input signal by
applying a transfer function that approxi mates an inverse of the | osses

i nduced by the transm ssion nedium 20. The equalizer of claim1, further
conpr i-bi. n%)he equgtizer of olimdl0, vherzircthie firstchnt Geddnd enOElOpOUEtBELbrs BH BampALsla t he
digital output signal that

rectifier.

12, The equalizer of claim 10, wherein the first and second envelope detecfors each comprise a

multiplier.

13. The equalizer of claim 1, wherein the amplitude control loop includes an adder that

compares the core output signal with the digital output signal.

14. Thg equalizer of claim 10, wherein the amplitude control loop further comprises:

an adder coupled to the first and second energy-level outputs that generates the swing

control input,

15. The equalizer of claim 14, wherein:

the first energy-level output signal is coupled as a positive input to the adder; and

the second energy-level output signal is coupled as a negative input to the adder.
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conpares the core output signal with the digital output signal and
generates a gain control signal, wherein the gain control signal is
coupled as a gain control input to the equalizer core to control« gfpﬁp 2005
anount of frequency dependant gain applied to the input signal. 21. 1
equal i zer .of claim 20, wherein the gain control loop is inplenented as a
proportional (P-type) controller. 22. The equalizer of claim 20, wherein
the gain control loop is inplenmented as an integral, (I- type) controller.
25 2 MAR Toegquadizeroteclaigu bl wireeindhie thrmimissih medianeisa colmdaigaibie. cont rol | oop
is inplenmented as a conbi nation proportional/integral (Pl-type) o
controller. 24. The equalizer of claim20, wherein the gain control |oop
and the anplitude control |loop are inplenented as different controller

(ypes. el B 'y eeh 2 0 B S8 I B o,

| oop is inplenmented as a proportional (P-type) <controller. 26. The
equal i zer of claim 20, wherein the gain control signal varies fromzero to

unity jg trge 1 r_ans%sis_i on nmedi um approaches a_maxi num | ength. 27. The
~equal i 28r THE eqyalizes olelagbrvgherein ke wepsmissian medinm is erhockpdene. a transfer
function block coupled to the input signal that applies the frequency
dependant gain and generates a transfer function block output; a

mul tiplier coupled to the transfer function bl ock output and the gain.

cont r oll9i Wheitqualiaer ofralditri Riviieseih fite fréqRatLaecnisit igaih iPhPSked ittt qAided he
gain control -input and generates a nultiplier .
input signal by applying a transfer function that approximates an inverse of the losses induced by

the transmission medium.

20. The equalizer of claim 1, further comprising:
a gain control loop coupled to the core output signal and the digital output signal that
compares the core output signal with the digital output signal and generates a gain control signal,

wherein the gain control signal is coupled as a gain control input to the equalizer core to control

the amount of frequency dependant gain applied to the input signal,

21. The equalizer of claim 20, wherein the gain control loop is implemented as a proportional

(P-type) controller.

22. The equalizer of claim 20, wherein the gain control loop is implemented as an integral (I-

type) controller,
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out put, wherein the gain control input varies the frequency dependant gain

in proportion to the Ilength of the transm ssion nedium and an adder that

receives the nultiplier output and the equalizer input signal and Qeﬂgpagggg
the core output signal. 26 1n 2 MAR %luc, 28. The equalizer of claim27,

wher ei Rt j ore further conprises. a lowpass filter coupled
bt ween’t R RIasf SEsiGRLE0 Hiereif s Eh ROt ods P Bmepicdsameymbimbiose
fromthe multiplier output. 29. The equalizer of claim27, wherein the
equal | PEYPOrienaliniegralPl-dyne) confeallera | ow pass filter coupled to the transfer
function block and the adder that filters high frequency noise fromthe
equal i zer input signal. 30. The equalizer of claim20, wherein the gain
control 'l oop conprises: a first filter coupled to the core output signal

that gedemakegudi ih e ' : d
at geme %guﬂlzfef ELIEREY0, Redlsih ki §-84) cﬁlgfd? tl%cgfﬁng%e ﬁl'ngﬂﬁllde cﬁlﬁkg%lagﬁpg glx%n

filter coupled to the digital output sig enerates a

band- | iilﬂbfeﬁfénteqiagidtii%éreﬁ%ﬂ%ll?sr'; rI , Wherein the frequency band-limted

core and diglital output signa e conpared by the gain control |oop. 31.
The equal i zer of claim30, wherein the first and second filters
respectively limt the core and digital output signals to a frequency
range ig ich the input signal is attenuated by the transmi ssion nedium
32. Thé e%ﬁpﬂ%lz%‘?f @4ig1 29, 3chersip dreegain condrof looptis smplesenteddis fah littegml dr
hi gh-frequency, band-pass .

type) controller and the amplitude control loop is implemented as a proportional (P-type)

controller,

26. The equalizer of claim 20, wherein the gain control signal varies from zero to unity as the

transmission mediuwm approaches a maximum length.

27. The equalizer of c}aim, 20, wherein the equalizer core comprises:

a transfer function block coupled to the input signal that applies the frequency dependant
gain and generates a transfer function block output; |

a multiplier coupled to the transfer function block output and the gain control input that
multiplies the transfer function block output and the gain control input and generates a multiplier
output, wherein the gain control input varies the frequency dependant gain in proportion to the

length of the transmission medium; and

an adder that receives the multiplier output and the equalizer input signal and generates

the core output signal.
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filters. 27 2 MAR 33. The equalizer of claim 30, wherein the gain control

| oop further conprises: a first envel ope detector coupled to the frequency
band-limted core output signal that generates a first energy-lev out put
signal as a function of the frequency band-linited core output ?igﬂﬁﬁgeﬁﬁﬂ

a second AAVELQI @zﬁergﬂﬁﬁfl@ﬁ SRURIGHe Elf]:uaatllgﬁre%og&ﬂrg\;ﬁ rﬁﬁ{? dﬁ,lt ! ;nl ;ﬁgl d:,ig' ;al

out put™ si gnal enera’t es a seco

function of he fr e ted .digital output signal;. wherein the
gai n contrdf’ ?’gtﬁf) P‘?nrm%hta n&ﬂ@%@ﬁ%&%@éﬁ@}m feljarp htglﬁtfpﬁquesmgnal s
to generate the gain control signal. 34. The equalizer of claim 30, wherein
t he fln%&cfwmﬂmuhmhem@p@qae detectors each conprise a rectifier. 35. The
equal i zer of claim30, wherein the first and second envel ope detectors each
conprise a nultiplier. 36. The equalizer of claim 30, wherein the gain

control loop further conprises: an adder coupled to the first and second

ener gyd, %eqﬁhl%bfckﬁﬁ??%ﬂ&&ﬁt ée#&ﬁz&ado?e ﬁﬁﬂx@{ éé}heﬁé egnal . 37. The

equal i zer of ‘claim 36, whereln: Irst energy Sut put is coupled as
a negative ener tpyt Jis
coupled as dl’a%]gas ?i\llttgp(l?on“%ﬁj%ﬁ? 3h?aﬁ%‘sgedgﬁ? 02‘ 1%“1\%&3 Lg%@%ﬁr fat fitefs high

frequency noise from the equalizer input signal.

30. The equalizer of claim 20, wherein the gain control loop comprises:
a first filter coupled to the core output signal that generates a frequency band-limited core
output signal; and |
a second filter coﬁpled to the digital output signal that generates a frequency band-limited
' 'digital output signal;

wherein the frequency band-limited core and digital output signals are compared by the

gain control loop.

31. The equalizer of claim 30, wherein the first and second filters respectively limit the core and

digital output signals to a frequency range in which the input signal is attenuated by the

transmission medium.

32. The equalizer of claim 30, wherein the first and second filters are high-frequency, band-pass

filters,
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38. The equalizer of claiml1l, wherein the equalizer core is a multi-stage
equal i zer core having a plurality of individual equalizer core stgges, ..
each of which supplies a portion of the frequency dependant gain. AR 767
equal i zer_of claim 20, wherein the equalizer core is a nulti-stage

equal i33erThesqnakigsy iohglaim 384 wherkintthe ganicouirel Ido furtgredmprsescor e st ages,

each of which supplies a portion of the frequency dependant gain, and

wher ei n t hea fist emvetoperdetecton epupslodiy the Eeequendy Hagd-linitdd@orE Quphiaell tdie core
out put signal that generates a frequency band-limted core " output signal;

a secQieratdsaSirsCald véQul i Isféhgf 4 ﬁlﬂb’ﬁcﬂﬂ%f tﬁ%;i @?&ﬁentc? %Lnﬂftg-g{gﬁ&g?ee 2 Cor

frequency band-limtéd digital “output signa Frst- enve

coupl eoql}#lﬁsig%sl,faé&quency band-limted core output signal that generates a
first energy-1eév output as a function of the frequency band-limted core

out put signal; sefond envel ope detector coupled to the frequency
band-1i mit é’dsea%qa trielapgdgieetos cownded to the dfreguensy brad-lismited dgitel ontpuy sighaly el
output as a function of the frequency band-limted digital output signal;
an addbat geverples @ seeondranergyrlsyel antpus sigoalthsanfangion ofithd fraqupnal datdiiitnited
generates the gain control signal; a sequencer coupled to the gain contro
si gnaldigithougensigaidles a plurality of individual - stage gain contro
signals, wherein each individual -stage gain control signal controls the -

portion 29 w2ndy¥R RORn clitrd1oyf ERAMBECNe %@agggggggpa%hagm&él oeuP¥icBRE ©f

the plurality of individual equalizer core
to generate the gain control signal.

34. The equalizer of claim 30, wherein the first and second envelope detectors each comprise a.

rectifier.

35. The equalizer of claim 30, wherein the first and second envelope detectors each comprise a

multiplier.

36. The equalizer of claim 30, wherein the gain control loop further comprises:

an adder coupled to the first and second energy-level signals that generates the gain

control signal.

37. The equalizer of claim 36, wherein:

- the first energy-level output is coupled as a negative input to the adder; and

the second energy-level output is coupled as a positive input to the adder.
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'40. The equalizer of claim39, wherein the plurality of individual

~equal i zer core stages each supply a portion of the frequency dependant . ___
gain sequentially as the transm ssion nedium|ength increase from 26k 48
a maxi num val ue. 41. The equalizer of claim39, wherein the plurality of

- individual equalizer core stages each supply a substantially equal portion
-of the frequency dependant gain as the transm ssion nedium |ength increase
from 38r Tht equalizexofalamy b witereid the dyuatizdredrd iefa raylfirstaple AL ARG BordemaREH 4 t ed

signal swing in a serial digital equalizer having a digital output signal,

conpr | i aosed b

t rans%ﬁgg?gtﬁ?ﬁle%?ﬁg}a e%&zl&z?fﬁbr}[éﬁ%%% %gﬁsm ttftlal Eg%élgir%g% pgttmwri&gdfg;lé ?ﬁ%&g%al i zer
i nput sieqllaalt rFior to transmi ssion over the transm ssion mediumis

vari aBIF% i ng an equalizer core that applies a frequency dependant
gain to the equalizer input signal to conpensate for frequency dependant
transm ssion losses incurred in the transm ssion nedium and that
generates a core output signal; filtering the core output signal to isolate
a fredBedby cqualiger eficlsii 20 whendimtlie aqualizericersiinn mulistags equalizencarehadingn t he
transm ssion nmedium determning a signal swing for the filtered core

out put phirghilof inditid38) equiliidr caRQtages &ath 60whieh sthilick alpoPitdstt ths E@HaénclO
have an out put signal sw ng substantially equal to the signal swing for the

f1 | t exgbrlniGraf il whSi e pati Qo dBRopphRUE i gnal swing approxi mates

the transmtted si gnal swing. 43. The ne of claim 42, wherein the
steps of d }:0l | I i for the filtered.core ut.put .. si gnal
and setti ng%ﬁ{erﬁ lga.:r g??@?égﬁ@gﬁ?%\gu néls_lgf%l gtv%engw?e&ﬁ q&ueg?}bﬁad]delmtﬁ% g%"(?ual
to the .

output signal;

a second filter coupled to the digital output signal that generates a frequenby band-limited
digital output signal;
- afirst envelope detector coupled to the frequency band-limited core output signal that -

T

generates a first energy-level output as a function of the frequency band-limited core output
signal;

-a second envelope detector coupled tor the frequency band-limited digital output signal
that generates a second energy-level output as a function of the frequency band-limited digital
output signal;

an adder coupled to the first and second energy-level signals that generates the gain
control signal;

a sequencer coupled to the gain control signal that generates a plurality of individual-

stage gain control signals, wherein each individual-stage gain control signal controls the portion
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signal swing for the filtered core output signal are perfornmed by the
additional steps of: generating a first energy-level signal that s .
proportional to the signal swing for the filtered core output si%ﬂgﬁ@ 2006
filterLng the digjtal output signal to isolate a frequency range at which
i ni gt e fredientiydepgHianteda supnled e of the Hurekty ofinsividue ¢amalinerdionen
generating a second energy-level signal that is proportional to an output
si gnabtagesi ng for the filtered digital output signal; conparing the first
energy-level signal with the second energy-|evel signal to generate a

swi ng control signal, wherein the swing control signal is substantially
equal to the difference between the first and second energy-I|evel signals;
and pp@Virdi I 1 j hat . el ves the core out put

o1 gnay Candt Plfaulican 50 whorth 89 iy ol BERLERriclf, S85 B

si gnal erein t out put signal swing is sef by the controll able sw ng
a1 T cormpll Epalipicl B roshiehe S Rernl ShiErshical gl oY the g Satguams hun length
conprising: .an equalizer, core coupled to an input signal froma
trans%ﬂcﬁ@g%ﬁo%?%%%%m@%w@uecont rol input, where the equalizer core

. applies a frequency dependant gain to the input signal to 31 ° 2 MAR 201015
generate a core output signal, and wherein the frequency dependant gain is
controlled by the gain control input and conpensates for |osses incurred

i N t hél.t Thersquatigérat chabeli 397 iwhareid ﬁﬁ@i@ﬂii@@ﬁh&ieﬂhﬁﬁwﬁéﬂ cbf: s eafie out put
signal that converts the core output signal to a digital output signa

havi nguppiy 4 %(Lﬁﬁtﬂitigﬂ){]@dua‘l)ﬂ&r@%fl of Yﬂenﬂéqu%ﬂg'ngﬁp%?ﬂ%{t Ghinl 39?19? ﬁ%i?ﬂoﬁ Pheififfy COT ©

out put Ssi'gnal and t'he digital output” si nor mal I Zes e core and

di gi t?ehgﬁ’x%&‘é&sesﬂ-cﬂﬂ%x% txviatﬁaxrh%ﬁ%e&atluet-o their | owfrequency energy |evels,

42. A method for approximating a transmitted signal swing in a serial digital equalizer having a
digital output signal, comprising the steps of:

receiving an equaliz,er input signal from a transmission medium, wherein the transmitted
signal swing of the equalizer input signal prior to transmission over the transmission medium is
variable;

providing an equalizer core that applies a frequency dependant gain to the equalizer input
signal to compensate for frequency dependant transmission losses incurred in the transmission
medium, and that generates a core output signal;

filtering the core output signal to isolate a frequency range at which minimal transmission

losses are incurred in the transmission medium;

determining a signal swing for the filtered core output signal; and
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conpares the normalized core output signal with the normalized digital
output signal to approxinate a normalized energy |evel difference, and_ .
generates the gain control input. 45. The equalizer of claim 447 Wribhkieia§lb

t he gain conft. | nput i s, proportional to the normalized energy |evel

di ff erence. @éﬁgﬂé ﬁ%ﬁgﬁqjgm@gﬁl%ﬁd tEﬁ?‘ﬁYerﬁJMQHtPWF Vg substanisly sqpaltortheli um
is a coaxial cable. 47. The equalizer of claim44, wherein the transm ssion
medi unsigBalsving frdee Bltered coreutnug signalc whereirbthe Diatpue sigakli sreng approkimhatesivhe
wherein the transm ssion nediumis a backpl ane 49. The equalizer of claim
44, whteeesmitichsighalegwisgicy dependant gain is applied to the equalizer input
signal by applying a transfer function that approximates the inverse of the
| osses incurred in the transm ssion nedium 32 2 MAR 50. The equalizer of
claim44, wherein the control loop is inplenented as a proportional (P-

type) n : Lizer of claim.44, wherein,th ontrol | oop
2P koS b tlod of iaih 5, SRERY) 651l of ki TEus Sineoe B ores core
claim44,  wherein.the contral 1oop i,s inplemented as _a conbinati on

pr opor ?‘iuBHtaﬁlgl?aﬁf’"é%F (it %F-‘#%‘Eé}’“‘@ghilgﬁql|t%havmuwt5gnamna¢aamw@éhe of
claim44, wherein the equalizer core conprises: a transfer function bl ock
that r8&Bwdng s thegliared eore iontput sighgreat perfimegd byithes addifiorial egpe oLy
dependant gain to generate a transfer function block output; a nultiplier
that recei veaenerdimgta fassérergyf-level sigrml Had propdriithal 36 cthel A SiviheCRPiHeO! 1 nput
and generates a nmultiplier output that is a nultiple of the transfer

f unct i fierbtl 06t¢ catpupeignand the gain

filtering the digital output signal to isolate a frequency range at which minimal

transmission losses are incurred in the transmission medium,;

generating a second energy-level signal that is proportional to an output signal swing for

the filtered digital output signal; |

comparing the first energy-level signal with the second energy-level signal to generate a
swing control signal, wherein the swing control signal is substantially equal to the difference

between the first and second energy-level signals; and

providing a controllable swing slicer that receives the core output signal and the swing
control signal and generates the digital output signal, wherein the output signal swing is set by

the controllable swing slicer in proportion to the swing control signal.

44. An equalizer, comprising:
an equalizer core coupled to an input signal from a transmission medium and a gain

control input, where the equalizer core applies a frequency dependant gain to the input signal to
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control input, wherein the gain control input varies the frequency
dependant gain in proportion to the length of the transm ssion ‘Lr% 1| ,&3@
adder that receives the nultiplier output and the equalizer input %‘r’l‘al?'“‘“f )
and generates the core output signal. 54. The equalizer of claim 53,

wher ei EFC §5PT °&‘8?+& Flﬂnaﬁ ﬁ%wh@ram 1bs freguencyclependantigdin i controHed by the gain
transm ssi on nedi um approaches a maxi mum | ength. 55. The equalizer of claim
53, m%@@%umﬁéa@hww%me&&réosswinMemmtrmssnisﬁéhﬁleM&Fﬁ;2005 a | ow pass
filter coupled between the multiplier and the adder that filters high '
frequency afiksdswimprsliceconpleditd teor@ bl sigm® - thAenedtaht rz,&r & lﬁ'sgn%l 53,
wherein the equalize core conprises: a |owpass filter coup eg toTh i

transfgya digﬁﬂtdmtlgigﬁﬁj(ha%ﬂ%éﬁ edatggﬁél_ﬁhgg%aﬁyé g_@? hi gh frequency noi se

fromthe equalizer i"nput sirgnal. -of claim 44, wherein the

control oo Kl Ses: first lowfrequency filter coupled to the core
out put sig ngf&mg 603)&9@;)%9&% the qomputp}lteﬂg}gl'@%d thsrdigital opiput signd thatsecond

| ow f requenc ilter coupled to the digital output signal that generates a
low ¥ Bﬁé}{‘ﬂ F%‘ieta&& digitaboutputignads with nespeeive theaovnirsquence emargpisvesnd
the | owfrequency digital output are analyzed by the control loop to

det er nfgRPAreRthe nomualized cerventpnt kiguel with 8. nofinelisguiipitd eutpat sighalite 57,
wherein the first and second |lowfrequency filters 1solate a | ow frequency
bandwi aftphoximatets mhmmlivéd@derhyoreseifferendd) and @fbritys he@aintRrbobingaal i n the
transm ssion nedium '

45. The equalizer of claim 44, wherein the gain control input is proportional to the normalized

energy level difference.

46. The equalizer of claim 44, wherein the transmission medium is a coaxial cable.

‘47, The equalizer of claim 44, wherein the transmission medium is a printed circuit board trace.

48. The equalizer of claim 44, wherein the transmission medium is a backplane

49. The equalizer of claim 44, wherein the frequency dependant gain is applied to the equalizer

input signal by applying a transfer function that approximates the inverse of the losses incurred

in the transmission medium.
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59. The equalizer -of claim57, wherein the first and second | owfrequency
filters are low frequency, band-pass filters. 60. The equalizer of claim
57, wherein the control |oop further conprises: 34 2 MAR 12006 -aZfMABt 2008
envel ope detector coupled to the | owfrequency core output that generates a
first snefigequsier oftiginal 4naBRir iherBhrbQob R ih@%nﬁéﬁ%% roﬁ&gfogm evel of
the core output signal; and a second envelope detector couple 0 the

| owfr, Bl 01 tal output that generates a second energy-|evel signal

pr opor nal to the | owfrequency energy |level of the digital output

signal. 61. The equalizer of claim44, wherein the control |oop conprises:
a first high-frequency filter coupled to the core output signal that
generates_a high- frequency core output; and a second high-frequency filter
coupl ed- tﬂlﬁtq(iégleﬁeg' pf elping \fidp whersingtha|contaltlogpeisampl@nemeduisghn infopedd (Brpy)
digital output; wherein the control |oop normalizes the high-frequency core
out putcomiroblerr espect to the |owfrequency energy |evel of the core output
signal to generate the normalized core output signal, and normalizes the
hi-gh-frequency digital output signal with respect to the | ow frequency
energy level of the digital output signal to generate the nornalized

digit i . 62, | izer,0f cl.aim®6 wherein the control
oop Far (e et cPBctsint %, WAGAME DATH 16on Pplmienti) $r ceinipeion

~high-fr ncy,core tput that. generates a first energy |level signal; and
‘a sec ﬁdﬂﬁﬁwg%@%ggakﬁﬁéﬁ%éCEWWﬂF%d to the high-frequency digital output
that generates a second energy | evel signal,

53. The equalizer of claim 44, wherein the equalizer core comprises:

a transfer function block that receives the equalizer input signal and applies the frequency

dependant gain to generate a transfer function block output; -
- amultiplier that re_ceives the transfer function block output and the gain control input and
generates a multiplier output that is a multiple of the transfer function block output and the gain

control input, wherein the gain control input varies the frequency dependant gain in proportion to .'

the length of the transmission medium;

an adder that receives the multiplier output and the equalizer input signal and generates

the core output signal.

54. The equalizer of claim 53, wherein the gain control input varies from zero to unity as the

transmission medium approaches a maximum length.'

55, The equalizer of claim 53, wherein the equalizer core further comprises:
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wherein the control |oop nornalizes the first energy level signal with
respect to the | ow frequency energy |level of the core output signal to
generate the nornalized core output signal, 35 - 2 MAR and nor mal £ Zé&R tA365
second energy |l evel signal with respect to the | ow frequency energy Ievel

of the di gj foRl-pRustiik c&ﬂé@iaet@;@ergﬁi&%ﬁ \Aigteiyg@gtﬁmet Pﬁﬂtﬂg hﬁ)%l fcfgcﬁlg

[
signal. 63. The equal i zer of cl aim 44, e co o)

afirs JHeR coupled to the core output signal that
generaoéin3 0‘%3@‘? tl%ﬁéh%@sgore out put; a second | owfrequency filter
coupled to the digital output signal that generates a | ow frequency
digital output; a first high-frequency filter coupled to the core output
signal that generates a high- frequency core output; a second

hi gh- f ¥ dlienegpalizértof clatro ] weren thhequoidlizetcate comtppists:si gnal t hat generates a
hi gh- frequency digital output; a first envel ope detector coupled to the

| ow f r equenglovepas filtek Potipled ! the fBRITa Rticiod BIbSE andthe 'ﬁ&di&%hit%ﬁts l%gﬁ nal ;
second envel ope det ector coupl ed to the | ow frequency digital outpdt t at

genereﬁ ﬁﬁ&?ﬁﬂmﬁﬁ@@ iliz 1*35?1 a third envel ope detector coupled
to the. g frequency core outp iy at’ generates athird energy :

| evel -signal; a fourth envel ope detector coupled to the high-frequency
digital output that generates a forth energy-I|evel signal;

57. The equalizer of claim 44, wherein the control loop comprises:

a first low-frequency filter coupled to the core output signal that generates a low-

frequency core output; and -

a second low-frequency filter coupled to the digital output signal that generates a lew- '
frequency digital output;

wherein the low-frequency core output and the low-frequency digital output are analyzed

by the control loop to determine low-frequency energy levels.

58. The equalizer of claim 57, wherein the first and second low-frequency filters isolate a low

frequency bandwidth at which minimal losses are incurred by the input signal in the transmission

medium.

59. The equalizer of claim 57, wherein the first and second low-frequency filters are low-

frequency, band-pass filters.

60. The equalizer of claim 57, wherein the control loop further comprises:
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afirst nultiplier that nultiplies the first energy-level signal with the
fourth energy-level signal to generate a first normalized signal; and 36
2MAR200 a second nmultiplier that nmultiplies the second energy-| ev@l MgkorAb
with the third energy | evel signhal to generate a second nornalized signal
wher ei n t he? SEHERKFIOPGIRICEFRouPled te the 1pwrEequeneinedrs pupusihghgeneritesha fine
second nornalized signal to generate the gain control input. 64. The

equal i gergyievel sigmal @&ypoviirenabiorthe kav-freqtemly dnery 1ével bhie copyRitheasgnaardder
coupled to the first normalized signal and the second normalized signal

that gener ak@dnl RAVAISHILEMT RlipleBRS'the 16%-f né;g&ighmz&uﬁ%@fth&!g%h@a@% a

-wherein: the first normalized signal 1s coup positive input to the

adder ; : 5 ? S | 45 coupl ed as at.ive input to
he. aceapid ghetEy MERE IR RE IS  ERY Rn B B8y oD E i B g
and fourth envel ope detectors each conprise-a rectifier. 67. The equali zer
of cl at'ftB3, wherein the first, second, third and fourth envel ope detectors
each conprise a multiplier. 68. The equalizer of claim44, wherein the
equal i zer core is a nulti-stage equalizer core having a plurality of
I ndi vi dual equalizer core stages each of which supplies a portion of the
f r equedicyThalapelidantf cianmd, @Fe2M the BofPol Thep esthmlidezer of clai m 68, wherein
the control | oop conprises: : ‘
a first high-frequency filter coupled to the core output signal that gencrates a high-
frequency core output; and |
a second high-frequency filter coupled to the digital output signal that generates a high-
frequency digital output;
wherein the control loop normalizes the high-frequency core oufput with respect to the
low-frequency energy level of the core output signal to generate the normalized cofe output

signal, and normalizes the high-frequency digital output signal with respect to the low-frequency

energy level of the digital output signal to generate the normalized digital output signal.

62. The equalizer of claim 61, wherein the control loop further comprises:

a first envelope detector coupled to the high-frequency core output that generates a first

energy level signal; and

a second envelope detector coupled to the hi gh-ﬁeqﬁency digital output that generates a

second energy level signal,

wherein the control loop normalizes the first energy level signal with r;espect to the low-

frequency energy level of the core output signal to generate the normalized core output signal,
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a sequencer coupled to the gain control input that generates a nulti-stage
gain control input conprising a plurality of individual-stage ga,i? ﬂ%t *‘ﬂ}"
signals; wherein the nulti-stage gain control input is coupled to the™ "

i i i A i { h
L 088 A0 s Bt o

frequepcy. dependant in supplied by one of the plurality of individual
equal f‘g%ﬁlggtaf%“qlgw .toﬁpe‘%%e'hﬁé}ﬂﬁpﬂlﬁéﬂ digitag putpis sgnalwher ei n the equal i zer
core isa nmulti-stage equalizer core having a plurality of individual

equal i zer core stages each of which supplies a portion of the frequency
dependant gain, and wherein the control | oop conprises: a sequencer coupled
to t hes3géaihe egoalizepbf tlajmit4 tWigdreigeRe @it IebpBohdprised: age gain control  input
conprising a plurality of individual-stage gain control signals; wherein.
the mul ti - S @@elc9al i J Lzer .core instead
of the gain contrg@%%?%%@%@éﬁ?ﬁ%@?ﬁ%&fQg@@géa?ggﬁéﬁhégﬁtl?‘& si gnal

contr 2 i.on.of the frequency dependant gain supplied by one of
t he p%@g{eﬁ%&y&%&#ﬁﬁtﬁvi dual equalizer core stages. 71. The equalizer of

claim68, wherein th luraljty of individual equalizer core stages each
supply a pc?rsteF?ﬂiin]Bf”" Ffﬁ@?}é&ls@rreyplféﬁeﬁmgﬂgaum%@‘gu@lrthatagmyram at low-
transmi ssion nediumlength increases fromzero to a maxi numvalue. 72. The
equal ifEcgpensy digital 9uBBL wherein the plurality of individual equalizer core
stages all supply a substantially equal portion of the frequency dependant
gain as t he firsthighifegienyfit ooopleh@tthe corRugns sipnhll R ZakMAtdsQ KghBXI mum
value. 38 73. A nmethod of setting a frequency dependant gain in an

anpl i tiiedeencydependpit serial digital equalizer, conprising the steps of.
receiving an equalizer input signal froma transm ssion nmediunm providing

fgcgiq\ljggi g %%e@&fd%ihﬂ-%qﬁ&ﬁ? IR{RP céﬁbqec?ﬁliﬁé h?g?lral g)quﬁtsigsxliagﬁ%lt ggn%gatgsl asgigh-
frequency digital output;

a first envelope detector coupled to the low-frequency core output that generates a first

~ energy-level signal;

a second envelope detector coupled to the ldw—ﬁ'equency digital output that generates a

second energy-level signal;

a third envelope detector coupled to the high-frequency core output that generates a third

energy level-signal;

a fourth envelope detector coupled. to the high-frequency digital output that generafes a

forth energy-level signal;

a ﬁrst multiplier that multiplies the first energy-level signal with the fourth energy-level

signal to generate a first normalized signal; and
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gain control signal, and that applies a frequency dependant gain to the
equal i zer input signal to generate a core output signal, wherein the
frequency dependant gain is controlled by the gain control si g‘[)?gd r_;l}d "‘l}i}i"
conpensates for losses incurred in the transm ssion mediunm provi

fixed- swi nga sdcbof®fult Hﬁier ﬁﬁﬂiﬂﬁ'lt‘i;ﬁJeE g é‘e@éﬁ‘d ai&gy«-'fevér ] '1 wifh the @L Ut put

si gnal haV| ng a fixed signal sw ng i solating a Iow requency

porti e ting a low band-limted core S|gnal
ener g?lg eén &E'ﬁrgpﬁ%&%?cg{du n e(gg dth portion of the core output

si gnal ; |sol tlng a hi frequency bandw dth portjon of the core output
signal ; det Whereigh C'Pﬁtgﬁ lppprcpmmnanss the fisg Penaalgﬁmm%h]e\njl; theseepnd mnnaﬂ@eqlu gh
frequency bandwi dth portion of the core output signal; isolating a | ow

f r equenignal bagehsrate thergaint ¢antrobinpuhe di gi tal out put si gnal ; detecting a | ow
band-limted digital signal energy level for the [ow frequency portion of
the digital output signal; isolating a high frequency bandw dth portion of
the digital output signal; detecting a high band-limted digital signal

f pﬂﬁq f the d I
gzte:ng%lﬁds?ggéa?qmﬁz‘;r[&?gml\/lﬂl&%%u t pﬁ{/tlﬁ %(g;wﬁgmnd- I{llél'n%t gd E:or6e !sglgtngl
gencrat e a 1 #et B #ﬂ}@ﬁ%ﬁg"“ﬁ%@ sl 45746 S0 POPYTIFES erifgh

band-limte ore. S|g . ener gy Ievel by the low band- limted digital

si gnal SBFEAGRE 881BICOPEOLBRYr ate a second nornal i zed energy-|evel signal;
setting the gain control signal proportional to the difference between the
first

. 65. The equalizer of claim 64, wherein:
the first normalized signal is coupled as a positive input to the adder; and

the second normalized signal is coupled as a negative input to the adder.

66. The equalizer of claim 63, wherein the first, second, third and fourth envelope detectors each

comprise a rectifier.

67. The equalizer of claim 63, wherein the first, second, third and fourth envelope detectors each

comprise a multiplier,

68. The equalizer of claim 44, wherein the equalizer core is a multi-stage equalizer core having

a plurality of individual equalizer core stages each of which supplies a portion of the frequency

dependant gain,
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and second nornmalized energy-level signals. 74. The nethod of claim 73,
wherein: the | ow frequency bandw dth portions of the core output signal and
the digital output signal correspond to a frequency range at which the .
equal i zer input signal incurs minimal transmission losses in th MAR £Ulb

LT ansngg STRSeiRIEeHBE o s nBieHE CBANANGY, ARt h portions of the core

output signal and the digifal output sign correspond to a frequency

compri oi ng: » SpRPRerRAb e B ConBb Pl e BEP R i iindar gl o o

transni ssion pediumand a_variable gain control signal that applies a

var i ableugeanprissng Bluraliy of indivadnal-stage gaincionirel signad§jual i zer core i nput
signal having a pre-determnined signal swing; an equalizer core coupled to

t he equal i zehereor theinmptitstage gaml contral inppipisicespled tdf the gqetizyr clap dmtadtofgisé n t o
the variable gain anplifier output to conpensate for attenuation of the

i nput  gdif BahtralanseCarldyeab SROS dhA) Gtige @din ddntBEsikhAREA SIS 'tlféi”pdfﬁgﬁ #heand

12:
"generates a core output signal; a ﬁ@xed-svvl ng slicer coupled to the core

out put e ey TR B RpREEY Snd OFne BREHO MBI ol B ihE o

anplifier control loop (VG Loop) coupled to the core output signal and the
digital output signal that conpares the core output signal with the
and generates the variable gain control signal; "

di gital  out put signal ¢ ) C | : .
wher ei Pt ﬁﬁ%ﬁﬁ%%ﬁe&%@s&@?r% the egualizer eate Icomyliestage equptizerorose banipat
signal that filters the core output signal ' '
a plurality of individual equalizer core stages each of which supplies a portion of the frequency
dependant gain, and wherein the control loop comprises:
a sequencer coupled to the gain control input that generates a multi-stage gain control
input comprising a phurality of individual-stage gain control signals;
wherein the multi-stage gain control input is coupled to the equalizer core instead of the

gain control input, and each individual-stage gain control signal controls the portion of the

frequency dependant gain supplied by one of the plurality of individual equalizer core stages.

‘71. The equalizer of claim 68, wherein the plurality of individual equalizer core stages each

supply a portion of the frequency dependant gain sequentially as the transmission medium length

increases from zero to a maximum value.

72. The equalizer of claim 68, wherein the plurality of individual equalizér core stages all supply
a substantially equal portion of the frequency dependant gain as the transmission medium length

increases from zero to a maximum value.
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~to a frequency range at which the input signal incurs mnimal attenuation
fromthe 40 2 MAR 20' 66 transm ssion nmedi um and generates a first

| owfrequency signal; and a second filter coupled to the digital output
'signal that filters the digital output signal to a frequency rangdiaft 2006
“which the input signal incurs mninmal attenuation from the transm ssion
medi um and generates a second | owfrequency signal; mherein the first and

secon oWwfr ency. sighal s ar 0 red.by the V An equal i zer
conpr :ié n‘g eéﬁq(}gqfsgﬁ ?Weﬁ%‘f P@?&wﬁvéﬂw’ah&ﬁ ‘Z‘?’é serral gl a
transm ssion mediumand a variable gain control signal that applies a

vari amcbtag%ﬂrmqr@rtsmgﬁhnpt@psofs| gnal to generate an equalizer core input
signal having a pre-determ ned signal swi ng; an equalizer core coupled to

t he equal i zeeceiotipenieqpalizes irpnasighdldfonspMahgfission hiedfivgncy dependent gain to
the variable gain anplifier output to conpensate for attenuation of the

i nput  si gnabroGriisesh Qnaling 6% thﬂ%&éne& thSed3Gz4 i ARE L 3 e@?&'ké&@ﬁe@ﬂd

generates a core output signal; fixed- SV\jlfl ng slicer to the core
oi gnal £ia S sk GATHE %prhep%%ﬁﬁ%ﬁz%e%%ﬁa&%ﬁ e daPpis irgLgnafe’
TR L, 0 L0 Py ™

digital output signal and generates the variable gain control signal;
wher ei $niRbsige! 2o gowpersetes der. logses incyrred in i digastission mydinthiat det ects an .
energy level in the core output signal

providing a fixed-swing slicer that converts the core output signal to a dlgltal output

- signal having a fixed signal swing;
isolating a low frequency bandwidth portion of the core output signal;

~ detecting a low band-limited core signal energy level for the low frequency béndwidth

portion of the core output signal;
isolating a high frequency bandwidth portion of the core output signal;

detecting a high band-limited core signal energy level for the high frequency bandwidth

portion of the core output signal;

isolating a low frequency bandwidth portion of the digital output signal;

detecting a low band-limited digital signal energy level for the low frequency portion of
the digital output signal;

isolating a high frequency bandwidth portion of the digital output signal;

detecting a high b_and—limited digital signal energy level for the high frequency bandwidth

portion of the digital output signal;
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and generates a first energy-level output; and a second envel ope detector
that detects an energy level in the digital output signal and generates a
second energy-level output; wherein the VG Loop conpares the first amdp 7005
second energy-|evel outputs. 77. An adaptive equalizer, conprising: a flrst
core circuit conprising a transfer function circuit and a first anplifier
coupled to the output of the transfer function circuit, the first anplifier

operabl e to phwltiRlaing thetovabped- J‘s}mlﬁ?dlqu @ﬁp@rﬁi’éf&fde‘éﬁlfh}’r@? haghpbardr er

control sj , ¢ qp‘] irst input
si gnal amk:i%n%!i d%%tl %lg}wﬁ%b r@?éeﬁreﬁ%ong & ééﬁ%ﬁ{)an Bed %ﬁ% a gleSlgtlla:lst core
out put signal; nmlﬁ;ﬁgzmgdhamghl Eeindrhrﬁit@?( aﬁ-lee;lgrﬁl ERGE LY ‘l/@ehby tlenkt B&iden nedi um
i nput signal and . a second anplifier control signal,k and apply a variable

gai n to tHeuted SR §1§n@r¢ne%d?wq gsrate p gerend marmalized ﬁ%@gﬁz (])e‘ieh%g%"’écond
anplifier cont l.h £ di um
i nput signal; g%%%r#ﬂ%% ?Jrﬁgff?? f@% Flg)g ngﬁng@e%éid\% r%rglcg'rb?rfr%pﬁﬁftﬁeg 2
transm ssanxhsemddnmmailimpdutmsg;gtwbi sgchld.he first core output signal to
generate an equalizer core output signal; a slicer circuit operable to
recei ve the equalizer core output signal and convert the equalizer core
out put sigpal tfecihdll JrRtaiRUiPYheignal ; a first gain control loop circuit
coupled to the summ ng circuit output and the slicer out put and operabl e
to process t hetleglom frmnmb@dmdtblnortw'gnﬁlthaame phiputisigial ahd theudigigal si gnal
to generate the. first anpl |er control aI d a second ontr ol
| oopci v careUE g PrraPRHL L B rARGO! Fke o ariigh A Ry BRERc ot Epiot put
and oper apl@rd RindhacessmiRRnadses i@k teaiBisQuh ﬁiéalm,gﬁal and the

the high frequency bandwidth portions of the core output signal and the digital

output signal correspond to a frequency range at which the equalizer input signal is

attenuated.

75. An equalizer comprising:

a variable gain amplifier coupled to an input signal from a transmission
medium and a variable gain conirol signal that applies a variable gain to the input
signal to generate an equalizer core input signal having a pre-determined signal swing;

an equalizer core coupled to the equalizer core input signal that applies a
frequency dependant gain to the variable gain amplifier output to compensate for
attenuation of the input signal caused by losses incurred in the transmission medium
and generates a core output signal;

a fixed-swing slicer coupled to the core output input signal that converts the
core output signal to a digital output signal having the pre-determined signal swing;
and

a variable gain amplifier control loop (VG-Loop) coupled to the core output
signal and the digital output signal that compares the core output signal with the
digital output signal and generates the variable gain control signal;

wherein the VG-Loop comprises:

a first filter coupled to the core output signal that filters the core output signal
to a frequency range at which the input signal incurs minimal attenuation from the
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digital output signal to generate the second anplifier control signal. 78.
The adaptive equalizer of claim77, wherein the first input signal
conprises the anplified transm ssion nediuminput signal. 79. The adapti¥g
equal i zer of claim 77, wherein the first input signal conprises = th#AR 2000
transm ssi on nmedi uminput signal. 80. The adaptive equalizer of claim?77,
wherein the first gain control loop circuit conprises a plurality of

hi gh-pass filters. 81. The adaptive equalizer of claim78, wherein the

il tors 83RO e an et o R n) MBI A "L e a1 [ oer ci rcui
conprises a fiasechrgviiltey celipledto thdAigital output signal that filters the digital output
signal to a frequency range at which the input signal incurs minimal attenuation from
the transmission medium and generates a second low-frequency signal;
wherein the first and second low-frequency signals are compared by the VG-

Loop.

76. An equalizer comprising:

a variable gain amplifier coupled to an input signal from a transmission
medium and a variable gain control signal that applies a variable gain to the input
signal to generate an equalizer core input signal having a pre-determined signal swing;

an equalizer core coupled to the equalizer core input signal that applies a
frequency dependent gain to the variable gain amplifier output to compensate for
attenuation of the input signal caused by losses incurred in the transmission medium
and generates a core output signal;

a fixed-swing slicer coupled to the core output signal that converts the core
output signal to a digital output signal having the pre-determined signal swing; and

a variable gain amplifier control loop (VG-Loop) coupled to the core output
signal and the digital output signal that compares the core output signal with the
digital output signal and gencrates the variable gain control signal;

wherein the VG-Loop comprises:

a first envelope detector that detects an energy level in the core output signal
and generates a first energy-level output; and

a second envelope detector that detects an energy level in the digital output
signal and generates a second energy-level output;

wherein the VG-Loop compares the first and second energy-level outputs.

77. An adaptive equalizer, comprising:

a first core circuit comprising a transfer function circuit and a first amplifier
coupled to the output of the transfer function circuit, the first amplifier operable to
provide a variable gain in response to a first amplifier conirol signal, the first core
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~ circuit operable to receive a first input signal and the first amplifier control signal and
generate a first core output signal;

a second amplifier operable to receive a transmission medium input signal and
a second amplifier control signal and apply a variable gain to the transmission
medium input signal in response to the second amplifier control signal and generate
an amplified transmission medium input signal;

a summing circuit operable to receive the amplified transmission medium
input signal and the first core output signal to generate an equalizer core output signal;

a slicer circuit operable to receive the equalizer core output signal and convert
the equalizer core output signal to a digital output signal;

a first gain control loop circuit coupled to the summing circuit output.-and the
slicer output and operable to process the equalizer core output signal and the digital
output signal to generate the first amplifier control signal; and

a second gain control loop circuit coupled to the summing circuit dutput and
the slicer output and operable to process the equalizer core output signal and the

digital output signal to generate the second amplifier control signal.

78.  The adaptive equalizer of claim 77, wherein the first input signal comprises

the amplified transmission medium input signal.

79. The adaptive equalizer of claim 77, wherein the first input signal comprises

the transmission medium input signal.

80.  The adaptive equalizer of claim 77, wherein the first gain control loop circuit

comprises a plurality of high-pass filters.

81.  The adaptive equalizer of claim 78, wherein the second gain control loop
circuit

comprises a plurality of low-pass filters.

82.  The adaptive equalizer of claim 78, wherein the slicer circuit comprises a
fixed-swing slicer.
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