; def ge3e\ @6r TWO 03/ 026236 PCT/ CA02/ 01419 Transmt Anplitude | ndependent
Adaptive Equalizer BACKGROUND 1. FIELD OF THE I NVENTI ON Thi s invention
rel ates gweausakéseto the field of equalizers. Mre parti Clﬂ(ﬁvd-lm/o}lh@
invention provides a transmt anplitude i ndependent adaptive equalizer that
i s capabl e of conpensating for transm ssion | osses in an input signal when
the transmt signal anplitude is unkown. The invention is particularly well
suited for use in digital comruni cati on conponents, such as receivers,
equal i zers, hi gh Bpesnitdmplitudedndependent Adaptive Equnlizerd Trace equal i zers,
automatic gain control devices, and other types of digital comunication

« conponents. 2. DESCRI PTI ON OF THE RELATED ART The use of an equalizer to
conpensate for |loss resulting Pp&m@#@;m-i dealities of a a transm ssion

mediumis known. Fig. 1is a bloc I agram show ng an equal i zer 12

i mhemng@pmpﬂ%t al communi cations system 10 in which an input
signal 1 T ugh a transm ssion nedium 16. Typi cal

transm sgj pn, nedi,a 16 used fot, transm.ssiop of digit signal s.oyer

el at 1 vel o iDERtich S0airs cienpially, fo the GEIc, oF egpalizeth | Mot BRRIGHE oBeq
(PCB) traces and coaxial cables. These, and other known transm ssion nedia,
t ypinyantign pzeridess b ofmansmit amplitudg iadenendens cadantive |egualizer jthatqisycepablesiofnal s
being transnmtted over the nedia and consequently distort the digital data,
of t eompasuting fay transmidsion lopses dnliangnputcsigmal evifer rtbe transnit \signal ampjhiderisng

pul ses {known as intersynbol interference). In addition, the input signal
14 ufikdowrd. heThe Ombveritiond i€l Uartichldrlyn ol Saited foy wel e digitdlndomafmiatiohe
transm ssion nmedium 16. The equalizer 12 regenerates the transmtted signal
20 [Well bl @eaC t g BRLLE ;

PCT. P @8%&52 %g@ld%?eegalggﬁs’ P@gggé’cgﬁg gge%l;&tc tr é%ﬁrﬁ? s?l\cf)%nalﬂeyg %fn%%%e( up to
sone imum |l ength) while eferably minjmzjng t ffect of noise 18.
Thi SRR e el sl GRSl SR FvE%, O Aehr CoBmBRaiteo i ne
recei ved signal 20 that approxinmates the inverse of the transm ssion

| os§IPONEEE. 2 s a graph 30 showing the loss {in dB) incurred in the
transm ssion nmedium 16, plotted as a function of both the length (1) of the
medi um 16 and the frequency { f ) of the signal. Cenerally, the |oss over a
transm ssi on nmedium (such as a coaxial cable or PCB trace) may be

appeoxi mix ' THREREVATEIPARTOY the foll owi ng equation: L(f ) = a
'~ ~+~|~" . where f is the frequency, t is the length of the transm ssion

medi UM [The use of'eh édualif@ ®Kédmpinkse tfor 6 rssmi%anbnpihet hén-ideali§és §6a0N
medi um and kd is the dielectric | oss constant of the transm ssion nedi um

The \gﬁg”}ﬁ? . . j Led: g éragp . LSS ' f
diftferen mﬁ%%@ﬁé‘? }Sng%a?LcﬁfE‘ f(jlsshf"[(;tgltE lélgsha n {heoké?% g ?I ongreﬁﬂhﬂse&teﬁ{g&?engt h
(1) i Il t}gpri]ceal td{g?&f Communications system 10 in which an input signal 14 is transmitted through

RSt

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
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 transmission medium 16. The equalizer 12

regenerates the transmitted signal 20 by providing gain to compensate for the frequency
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medi um i ncreases, the loss increases. In addition, as the frequency ( f )

i ncreases, the loss increases. To counteract the transm ssion | oss shown in
Fig. 2, agoeamsdsger 12 should have a frequency charact er ipgirjcaobfioi S t he
inverse of the loss function of the transm ssion nmedium The inverse |oss
function may be approximated as follows: 1 =G f)=1+KH(f); L(f) where Kis
a control variable that is proportional to the length (1) of the

transm ssion nmedium The value of Ktypically varies fromzero to unity (or
SO fﬂég)@ﬁdbﬁt 1088¢dSéaanéd by the hignshiissicinhiedlvan 16€d) Wosome Badinm idngthHyaathife!m

| ength. 2 WO 03/ 026236 PCT/ CA02/01419 Fig. 3 is a graph 40 show ng the

i ny, : i . ot s GLB: ;cgﬁ%_,ggﬁp, | oss
furtc ?gar?llﬁ E E-Egég%&wf?fl}lglsgﬁlh.s |ggirng?&?hs[e)&?nve se Oé?éﬁ}fﬁﬂil%ﬁaq f)
provi des f.requepcy dependant in,equivalent to.the | L( f ). incurred
Pt oot B meaTahmemm T ik Pofiet S aRe £ herbusmieidt
function G f ) are explained in nore detail in United States Patent
ApplPFe&t i on No. 091 055,515 . (hereinafter referred to as "the ' 515
Application”) which is owned by the Assignee of the present application,
and whi cFigi 2 ihergriph 3¢ showing ghe thss finodBhincpired ém theatppismissiormetinm dber ence.
Fig. 4 is a block diagramof an equalizer core 50 that inplenents the

i NVs166& hoa Fundtioncof Both e fenpth (hhef tizumbdiasy 16 ane thd fieqednedess B of st er
function block 52 (.H( f')), a nultiplier 58, and an adder 56. This circuit

50 appli vari abl ain tq_an input si. | 57D yi t rans{ er

P urpibn CRpely e ToR Rl haramsr Bt am i Tay tlan  ofRar colft pr Fch B

mul tip]ying the resultant signal fromt transfer, function block 52 by a
gai‘ﬁal(:g%?l? W%Pt{‘?c?gf%em @n@‘aibﬁ%%ﬁﬁkﬁ’lm%%fm58 (K) preferably
controls the anount of gain applied by the transfer function H( f') by

mul tipl yL(yg)élaé("@t"M’t; of the transfer function block 52 by a factor
typically varying fromzero (0) to unity (1) dependi ng upon the length (1)
of the transm ssion nedium 16. For_ instance, when the traasm ssion_pedi um
16 wheratf is the frequenaye A gt fthe lengthiofthe trapsmission mpdium, ¢ =5Vid, ke ifethg skin
multiplied by unity ( 1) to provide the maxi num gai n. The output of the
mul éffeet 636 dofsthiesf the ne@@midsion inedinid) et Igi igrthe dicledisic tibss evidfnt 96 ther or der
to produce an equalized output signal 59 corresponding to the inverse |oss

I g;trf]ésdfﬂﬁssfonlmédi'&dﬂ( The value @Lgfﬂﬂﬂlaﬁeﬁ fil Figuigt erQfanisﬁsmsﬁ;ﬁeﬂba@%f; {fgo

er function block 52 I's described in tthe above-referenced '

different lengths: Length 1'(shorter) and Length 2 (longer). As the length (/) of the transmission
medium increases, the loss increases. In addition, as the frequency (f) increases, the loss
increases.

To counteract the transmission loss shown in Fig. 2, an equalizer 12 sho;ﬂd 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:

L= G(/) =1+ KH(f);

L)

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 to unity. (or some other constant) as the transmission

medium approaches its maximum length.



Application. Fig. 5 is a block diagramof an alternative equalizer core 60
that inplenents a bandwidth linmted inverse loss function. In this circuit
60, a | 0‘00(9@3?&653.6' ter 62 is added to the equalizer core 3pCT/gKdMAAN26236
PCTI CA02/ 01419 50 shown in Fig. 4 to reduce noise encountered in the
transm ssion nedium 16. This alternative inplenentation 60 reduces the
anplification of high frequency noise, and thus increases the

signal -to-noise ratio (SNR) of the equalized output signal 64. A graphica
repr esentEigl ®hs 4 graph 4thshovdng edirberke 10§ ﬁﬂmcﬁﬁue&'@?, pisitedf i B o0 the/shme

pl otted on the sanme axes as the |oss function L( ) is shown in Fig. 6.
Fig. 7 is.a,blaock diaggram,show n .l tiple-sta egaal j.zer re 8Q having
i Ases a8 R 19w oteipndd /35 At B Helie b I S B i R @ e e oy s
loss function G( f ) . The three cascaded equalizer stages 82, 84 and 86
ar e pfrefuenap|deperdantsgain equivalest togthel losse L L) ircufi®d $h b tiansmssion 4nedium.
Alternatively, the multiple-stage equalizer core 80 could include a

pl urpid {;Harﬁ?teﬁ%%@gw‘éﬁé“ Veldet ﬁf&l AlnRE6S acgg)ggxev%kgid;ﬁ & e %tgﬂt #eOnfiePes of

cores. I'n any case, each equallilzer st 86 1 ncludes a galn

control signal (K, K2 or K3) that is.used to control, th ain {.np| enent ed
by t¥tates Rafent APRlGALqD No. I-Q{9%55)51i n(isF iTefsTTEd RS | t@ﬁéﬁ% Applifgiion’)
transm ssion nedium 1 d. The advantages of utilizing a nultiple-stage
equawhizh is ownesl by the &spigneeefthe pregentapplicationand viish rherebyaincenporated into
Operationally, each stage 82, 84 and 86 in the. nultiple-stage equalizer
cor eth8grdséntapplication dgt referetgeial i ze signals transnmtted over transm ssion
media up to a percentage of the total maxi mumtransm ssion nedi um | ength.

For instameey isfa biRkMiafian Of Enofhafisesabrd S0 Haf SmPRniehts BeABIversefloss
equalizing losses incurred in a printed circuit board ("PCB") trace of up

to 39 j.nch t : . | igal .

con RHRIHERD o irFBie R E SO IARER R mallter ARG LI 12 IR IT Al
82, 84 and 86 are then cascaded such that they operate se%uentiaLIy to
equai8, and pecdderaife sThis cirguit §0 3ppliescyasisblegain togan iwput ggrglH/dy anying ghaow
the gain control signals KI, K2 and K3 in the nmultipl estage equalizer core
80 aransfearfurcticac dH{/)i iy ordertthegdneraly b resultant signaihsnd dkéro by madltiplying ke val ue
4 WD 03/026236 PCT/ CA02/01419 K, shown along the x-axis in Fig. 8,

r eprféﬁg{é@g signil #/6th 4R Fh%ﬂ@flepfm{cﬁén BI&H%‘%JD%% téitrdisignal 58 PRY. MERGRid O Pe

appl:g n input signal In order to s IIy the gaim necessary to
ot oL g7 L pheoRE G of bR r TRt Hopteh, S %GR B304,
Si gnid) b, RAELYIEE RS BRAULOCIE e BnCipbbiosh S2RTLe s DBy AT
equal i zer stages 82, 84 and 86. For instance, if each equalizer stage 82,

84 afdcinSero (0)aemaity {1y tependingdipon thé dtenptic €5 saf the gramsmissioaguediuze14.0Fonches
of a PCB trace, then the gain control signal KI would typically control the

gai : : IWale

R B R X S L S e (U
necessary for PCB traces from 10 to 20 inches, .and the conpi ned gain,
contip generplbyenltinkied byrunigyi () to prvide the maximym gain. khe gutpugo %m&gplwrw ovi de
the gain for PCB traces from20 to 30 inches. For exanple, if the PCB trace
wer ethey sumpied swithntHeeinputhsignal 5dzhyhthepdder Yein endaryto produeelam aquadized antput
equal i ze 10 inches, then KI would be at its maxi numvalue (unity), K2 would
be adigid) SIvVeUritBpaiRigs s the invesaloss fuheticheClonK (). | Aar exvhipldry Sedrcuit for
equalize a 5 inch transm ssion nmedium and K3 would be zero. Fig. 9is a

bl ock di aqr W] n I ugl i 4SUS 0 sigt & bed
n R BRI, 7 SR GEACHE bk SRR R L g RTRRRRE RS 07
equqkiﬁgr.core 102, a slicer 104, an automatic gain control circuit (AGQO

| 06, BPLhGalA i t t er 108, and a transm ssion nedium 110. The equali zer core
102 may be, either a single-stage core as shown in Figs. 4 or 5 or_a

nul ti pl e-Eigadis abloek dingemme ahan gltmgn.vemu@hmr eqre 69ithat implenaraitcs baslwidibove,
to conpensate for the losses incurred in the transm ssion nedium 110. The
out plimitéd ihverse idss feuptimni Zp this cirenitl 60 ai lowepmspfiier Gistaddedto the equidliZer ecdre ch
converts the output signal 112 fromthe core 102 to a digital output signa
1 14 having a known swing (A) that approximates the swing (B) of the data
sent fromthe transmtter 108. Since_the swing (B) of the transmtted data
is known and reproduced 3




5 WO 031 026236 PCT/ CA02/01419 r y as the swing (A of the digital output
signal 114 fromthe slicer 104, the difference in energy between the

equal i zernywp@s@2628¢ Put signal 112 and the digital output spgfglacddfie
approximates the energy lost in the transm ssion nedium 110, which is
proportional to its length. The AGC 106 conpares the energy of the
equal i zer core output signal 112 with the energy of the digital output
signal 114 fromthe slicer 104 to generate the gain control signal K The
AGC O shewn i Higeh toredugecnaiserucouniere in thertranspyissiopgmedivmol G - Thig altemativepe
detector 118, a slicer-side band-pass filter 120, a slicer-side envel ope
detieqflemeni@in 60 redives thie? dmphfichtion sefohigh deequédy. nélsgratd thoslihgreaselh ¢h\GC 106
filters the core and digital outputs 112 and 114 to m d-band frequencies
US| fighdl AEnBRE SatRAGSNE) bft @6 %gﬂalﬁe@ Rdtph? Signdhe4. ai&}’@rﬁ%lﬁﬁﬁ 1eprebéntitfin 7@ of he
core and digital outputs 112 and 114 to their m d-band frequencies is

ox : i detanls | , ) oot . et i ng

F unF A58l Ak gl ted s gikiop 728 RIOGRE, b the fid BT 8'1Beg hunoftEn

bang-l imted signals with the envel ope detectors 118 and 122. Finally, it
det &6H) 1§ °YVHé“%F3' erence between the two signal energies wth the adder
124, which provides the gain control signal K |If the equalizer core 102 is
si ngl e- sFigg¥d, ist aeblockhdiageanm showingoh muliipkd-stigd equatizer abtey 8@ chavimed tihee ect | vy
to the core 102 to control the variable gain as described above. If,

hov&ughizer £ 8284 AT 86; @ash dOWhich iftipldniehtsthetinidree R)Tss?lﬁﬁlcﬁwi’%(fﬁ efhé he
sequencer 6 is used to convert the gain control signal K from'the adder

z

124.into a ural,ity of i,pl e-st age in.cantrol signals Ki, such as Kl,
o i Rl Sl st s o SR A e R G ok & B Falipler oBHERD Coc
the_gain control signals) K (or Ki Q enabl e the equalizer core 102 to
eqUEIPWVRADING 4 opBematiyrly, the gruliple-stags eqnalizer poyei80 qaylq includs aplarlity of | evel
as the digital output signal 114 fromthe slicer 104, . A further
desandpidthdimifed: stages@Cshodn inFigs I or dther Eypes o€ calssy bn angf ease,mmchl eq@alize
Application. 6 WD 031026236 PCT/ CA02/ 01419 One skilled in the art will
ap taei 82 84 ahd 86 tifctudes@giin St sighhl (K1, Kidcort K3)thai istueéd dOsonifab thebgik nown a
priori and accurately replicated by the slicer 104 if the equalizer system
10 i i ks for & i oy 4 r h‘&{k‘n’; i i. t

Qngﬂﬁﬂﬁﬂ&ﬁb tie thnkfor ifincioll ﬁx%ﬁﬁbnﬁﬁlﬁpﬂﬂﬁﬂﬁ h 6 theS gﬁ?ﬂe

di fference between the signal s r)lg (B) at the transmtter 108 an

si gnal. sw A, of the digital output signal.114 will directly.result in a
oo Rgiud L P a Rptagesiosiuftetyd il Blecstied Aotz ot arh cERBER I GEERIR ot he
transm tted signal will force the AGC |l oop 106 to settle at a | ower gain

t hathe 7de Applegtians conpensate for the transnission | oss
(under-equalization). Simlarly, a decrease in the swng (B) of the

t ransm t@Qperationpbly] eash istage B2, t84 and\86r ire dhen multiplestage Fequalizér core 8Qviisig ( B)
of the transmitted signal were tightly controlled, simlar equalization

er rophfigtiey 16 eqelize eignhiy trahafitted bvertriddmishich radia Aptto dipefoshiage ofthedsfagr at ed
by the slicer 104. Such m smatch errors may be caused, for exanple, by

V arh gkinS trhiknhiSHBE i lengfeForS de, ?ipglgggﬁlgigle%taw&ﬁw&g @0 is

processes. SUWARY A transmt anplitude’in nt adaptive equalizer is

D b o FABIBTRONIE B W PN 51 SRR PER) BB REE, 2o
5 GBS o B IR R SR b e P i °

signal to conpensate for |losses incurred in the transm ssion nedium The
corffr vp tabiCingheng The stages $2¢ §apandd 86 care Htber sascaded such shagnthiey sopgrate swi ng
control input, and converts the core output signal into a digital output

si geequerttiaily twequaliae PEB! teaceswofwp o380 intlescontrol | ed by the swi ng control

i nput. The anplitude control |loop is coupled to the core output signal and
the di girigl 8 e Sraph S0 @RGkingHM S PRIrAddRErol BgnBVKNY KOOMA'1OS i malqﬁmg}sle- W

conparing the core output signal wth the digital output signal. o]

R L R R s et R P

core is coupled to an input signal froma transm ssion nmediumand a gain
control input, and generates a core output signal by applying a frequency
dependant gain to the input signal. The frequency dependant gain is
controlled by the gain control inpuy and conpensates for |osses incurred in
the transm ssion nedium The fixed-swing slicer is coupled to the core

out put signal and converts the core output signal to a digital output

signal having a fixed digital output swing. The control loop is coupled to
the core output signal and the digital output signal and normelizes the




out put signal to approximate a nornalized energy |evel difference, and
generates the gain control input. A third enbodi nent of the equalizer
conpri sesw@ og@bé23pl € gain anplifier, a variable gain anpl ipcir&raceend ol

| oop, and an equalizer core. The variable gain anplifier is coupled to an
i nput signal froma transm ssion nmedium and a variable gain control signal
and applies a variable gain to the input signal to generate an equali zer
core input signal having a pre-determ ned signal swing. The variabl e gain
anmpl Kf siegwie flohg e *-20i8 in Fig: 8| FpRsteite thd eréenbige of it @dnsfstduhtone BYF) ItBAY

core input signal, and conpares the input signal with the equalizer core

. input _sjgnal in.order ta nerat.e. the variabl.e gain,control signal, The
equaPFeéiér 03‘6‘? épPléedgg(hﬁFéag'f o> lgq?éﬁ E%F“%R} e‘ﬂ? AT NEGESTALY o gapalizea o5 o
frequency dependant gai nto the anplifier putput jn qQrder .to conpensate for

at t effaBsmission medhun jof g gives lgngth. A e drapymission daedivyn length ingreaspy the gain

transm ssion nmedium A fourth enbodi nent of the equalizer conprises a

var i abdessaypiton equelize fthe transmissiom ddssescin the megdiumfalsocihcrsasesy Eigi 8sshomsdhat

variable gain anplifier control |oop. The variable gain anplifier 8 WO

03/ O@fe2sfen BérlthdTAYHAR1K 19K 2 3né W tare gainctd B liphlied sutplenfislbnbyp the eqifalizasi on

mediumand is al so coupled to a variable gain control signal. The variable

gain i i@l | S ; is L i i 1 :

GencraFD 47,88 end 8, 0% ek, 18 Sach SRl g R2, 8P 86 A\pabld A

swi ng. The equal.i zer core .S _goupl.e t he ualizer core i.n signal ,

and Hisspeeessat) Paen iF eaefizg A Indiet e Ghor sE B Rl 4 st BB R IUPRR (o

conpensate for attenuation of the |nput signal that .is caused hy | osses

" ncupRselly eontrel the, SR %@F%wnécaieﬁﬁ%ﬁdmefg@%& 910010, inches, tarqambined gain.  The

fixed-swing slicer is coupled to the core output signal, and converts the

cor ecentrq) signalsdibiati ynity) and| K wanlddypisally congral|the: gainmgcessarypioe PR &uaodsned
signal swing. The variable gain anplifier control loop is coupled to the
cor efiotti pluito 20 fhiches, and thewnibiged gdin contpeltsigias il (atamity), &P fat amityh and Ki3e
output signal with the digital output signal in order to generate the

vari gl §picaly Efﬁv!idﬁ thegafiffor PO EhcePERaRR0td 3D ifdhed HEoPBAMPAIESFihdPCB | S a

bl ock di agram'showi ng the use of an equalizer in a typical serial digital

dat a I £al] i i i i i 3 . ugh a
tr angrgngégg#{c}nf%edg %Emﬁy%l%gm éfﬂll %mgc%r%& gﬁg\%\f?g gfﬂ %édl%séinﬁmdg ?IH r%%ét}{erg’ed in
t he {ransm ssi.qQn dium. plotted a unctdi.qn of. both the | ength (1), of
the THEBRLaRG a8 TP bR, vatss Oyl RS 7 tedfapte hetsesaly th e thtow ng
the inverse | oss function fEb%,pI otted, on the_sanme axes as the | oss

f unc84¢9Rd pqualizer stags; § toeqpalize a8 iick tansmisaion sedivm.candt? Monlds zerenat

impl ements the inverse loss function Gf); Fig. 5 is a block diagramof an
al t er nat i Fig. 8ds alblock diegram shoaing ap lexem equatizensystem 10Gvsuchchasi deseniteed | 0ss
function; 9 WO 03/ 026236 PCT/ CA02/01419 Fig. 6 is a graphical

r epr asthetreferenned 515 heppliwaiion. dThis lequalizet] syster 190 ihddadesfan@jualizer coreol0Ed on
the sane axes as the loss function L( f } ; Fig. 7 is a block diagram

shovkfigr 3 ol N1\ ButBHiatit Raftr SOt cRELR(AGE) 198] 8 thdneitter N 0826RU &t ission
i npl enents the inverse loss function  °f ) ; Fig. 8 is a graph show ng how

e AR S L L

or a multiple-stage core as shown in Fig. 7, and operates, as described above, to compensate for

-

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



Fig. 9 is a block diagram showi ng an exenpl ary equal i zer system such as
described in the referenced' 515 Application; Fig. 10 is a block di agram of
an exenplywpysbiaasyesm t anplitude i ndependent adaptive equapCFeaohamhang a
control | abl e-swing slicer according to one enbodi ment of the clai ned
invention; Fig. 11 is a block diagram of an exenplary transmt anplitude

i ndependent adaptive equalizer having a fixed- smﬁng slicer according to
anot her enbodi nent of the clained invention; Fig. 12 is a bl ock diagram of
a tasatherswing ) pf theedigitaluipny signat Ji14 fram thmslwudoﬂ,z@c differgnce & emergybl ock
diagramillustrating an exenplary inplenentation of the received data sw ng
detstiveantheieqaalizer @ort dutputGignal I Ipaid thei digital eugnit isignalc Yo approsihtaves the Fi g.
12; and Fig. 14 is a block diagram of an exenplary transmt anplitude

i ”dﬁ-lé?%dwgi ino@8 Rtah MARisGioH Rhddhgh 190] Whithng P?op\éﬁtdnaptcﬁuewn@t@@té GRS 106
DETAI LED DESCRI PTI ON Referring agaln to drawi ng figures, Fig. 10 |s a

AR Al T SR S AR POl S0
el R A o SPGB 2 19,1 SO 204, 2 971

anmplitude control |oop (A-Loop) 208. The G Loop 206 includes two high
band- pasthe AGE 196 dpcludesie pore-side\bansd-pass Jiter déﬁeetcoressmmnwldpez detecton adder
228, and a sequencer 230. The anplitude control |oop (A-Loop) 208 includes
t wol 18)w dhiserdsife band-pass dilter 230, msliteP4ide enwelope detectoe 102t acaddes 1244avha 246,
and an adder 248. Operationally, the anplitude independent adaptive
equaljheer 285 Upefdionalig i RGA YOe fiftbrsWhé brel dndl diBitdl louthuid' @12 249 1\1\@%

transmtted by varylng t he swing of its digital ouUtput 'signal 214 t

Ziﬁ%gﬁ%ﬁ?ﬁﬁFﬁnﬁﬁ§§F§Q Preqtencyﬁ%%%gﬁgg%baotﬁﬁﬁ I gquenl?"%gq#§gﬁ:otn
{ neeokf GR Ze{ﬂbaﬁt'@ﬁ@‘;ﬁ&ot‘ﬁn@# £ A e 2 0sish i bupiaiied b GoRHEREE | 1 e

of iLts |n ut, signal 210 at a | ow frequency, and uses this IOMFfrequency
ampP13 6@8 ?@%p thig filtering figction, the AGG A6 thencdetasty the signel expugy | zer
core 202 receives the input signal 210 froma transn ssion medi um and
genefithe dxo handlimited isigmalsswighn e envelopdidetectopul 18 angh322. 2Finally, ibdetesminesy a
digital signal that has been attenuated during . transm ssion over a

t r athe rdifferience betwesm thd two aeigmal ienergies owith 202 adderPE4; aittich hesviddst BRURdA ON and
distortion in the input signal 210 by applying as inverse |oss function

f ) controf&ipanl RedIfe e@uilided coff mpttcenge-df%@s the the ghR€ c6AYR! di ll 195 202

al so receives a gain control signal frontthe gain control 1oop

(Grt'yJ Egl)ly %Qﬁaee&“air%ﬂ £ itfe Ucite tlb? t% en Coupé a} BUEIBEd agg% fypcti on

core utp SI gna

e e afiaR e 353 5 e il te?éa”ve”s&bgftt%?s“cﬁgé’n%%ﬁﬁ%ts|%e35923ﬁe

nplltude control | gop (A-Lqop) 208 The A-Loop 208 isol ates the | ow
f r expmue vhe gatn eondral signak Ke frogt et gtﬁerswmato z:p,_iuehw phaiipletstageogaip ut
signal 214, and conpares the signal energies of the two |ow band-Iimnited
si geeatrol signale Kit suhcasriC, K2 aind K3sidseripesl above withireferemepto Bigsrat snd 8.e Iswi ng
of the equalizer input 210 prior to 11 WO 03/ 026236 PCT/ CA02/ 01419

t r aeithiet 6asepthe giindonadl Signdl{3P Khjog Ki) ebleche \eqpslizer 66re 10D té 126 Eredebrp ut
signal 212 and the digital output signal 214 are isolated by the gain

CO"G q%t sﬁ@ﬁg 1 (ﬁb&%’ﬂéﬁg%@ﬁy the/abB eft ﬂg?%\?e? ab £ cﬁ ﬁﬁf%ﬁl@%ﬁﬂﬁe hi gh

band sighals to generate t gain contr

PP, AT T 0 T A AR b 1,

the Eh?h .band-limted signals are centered towards the higher end of the
tr Pectrum at which the transmission |osses are nore significant.
However, the | ow and high band-limted signals may be centered at

al ternative points within the transmt spectrumas |long as the A-Loop 208
isolates a | ower spectral range than the G Loop 206. Wthin the A-Loop 208,
the I ow frequency portions of the core output signal 212 and the digital

out put signal 214 are isolated by the | ow band-pass filters 240 and 242.
The |l ow bandlimted signals are each coupled to one of the envel ope
detectors 244 and 246, which detect ¢ he signal energies. The envel ope
detectors 244 and 246 may preferably be conprised of rectifiers, but could
alternatively be any device or conbination of devices capabl e of generating
an out put signal proportional to the signal energy of its input. The
dlfference betmeen the ener gy- IeveI outputs fromthe envelope detectors 244
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+ each o

WO 03/ 026236 PCT/ CA02/ 01419 band-limted core output. Because the | ow
band-limted core output is typically not significantly . attenuated by.
the transgbeshsas¢edi um the swing of the digital output Béfdaszbiws nade
to approximate the swing of the equalizer input 21 Q prior to transm ssion.
Wthin the G Loop 206, the higher frequency portions of the core out put
signal 212 and the digital output signal 214 are isolated by the high
band-pass filters 220 and 222, The bandw dt hs_of the high band-pass filters
220 and 9re skilledin wbmlyamzﬁcmte thas thesignal gwing (B0 ¢t thecyansmilteri 108unusth t he
equal i zer input signal Z10 is nost significantly effected by transm ssion
| 0sbe&non agridrearcioaceurnisly depichtet by theslicer 202 ifthd egializensystéme 400 shown
band-limted by the high band pass filters 220 and 222, the signals are
res BﬁF%' 9@ 06 4eBieRt Bftimal pétformaned Oly §1Pﬁﬁ€£ﬁt A FReRUPTEE the SihaPieing 26,

whi ch generates an energy-| evel output proportional to the signal

ene I utputs
o PBYatdhe bpdshitg) ect@ﬁ*ef%n%‘%@bfdé‘*ﬁt i ﬁt‘pﬁ‘?ﬁéﬁlﬁéa%ﬁ%gg ol |
one_en at i i nput to he add nd cpu I|ng

t her‘tﬁvﬁﬁg (G oo FoE Samal af iy b e w0k ) GEibe Raps

adder 216 then generates a single-stage gain control signal (K) 232 that i's
pr opighali witlforaedhe ALICalpaphP6dp settle ahe lowssiBaindthan Recepsanyitq compengdate ferthgnd
digital output signals. Because this energy difference approxi nates the
enetrgysnhission thss (wgler-equedization)o IS imileny, tahdectaassninths siving (B)dofithe ttahsmitted
singl e-stage gain control signal (K) 232 settles to a value proportional to

t hesigh@n®ill sesulin! A cyitlieohtiors Even Af tHeOswia (B efltBé siafsmitied NEghdl g1 SSi on
medi um The singl e-stage gain control signal (K) 232 is coupled to the

seq Em%f mghﬁ GEMEH: el fed

bacE g%lﬁut%ﬁlgfi eﬂagl n g?ﬁ &Egﬁglglf‘aﬁ tz}%r% cor glyzlgwgéhd@s%lrgﬁ%%ﬁ%%% wth

referencgto Fig an atLve i f the equal i core 202 is a

o By 3, 0 Wiort ' SUbmstich gl iy B Pbesfichie S¥grier By 3 o
t hen the single- stage gajn control signal (K) 232 may be directly

f edVﬁéﬁH@nﬁ B {CHDCEATS) ROV SERRIY Voltages jor manwRotring moeessescT/ CA02/ 01419 |t

shoul d be understood that many types of controllers could be used to

i npl ement the A Loop 208 and the G Loop 206 shown in Fig. 10. For instance,

the A-Loop 208 and the G Loop 206 may be inplenented as either a

proportional type controller (P-SMMAR¥N integral type controller (I-Type)
or a conbination Pl-type controller. To inplenent the G Loop 206 as an

| Type COR! friMshfif am Hfud@iﬁd?kﬁden@@dﬁﬂﬁv@ awer (KpfovidedO UOHe RboaitReH bf
bet ween the adder 228 an he sequencer In addltlon to maintain

;Sng{ﬂﬁnelht dc@if?a gn%sgxg%u contro%?g‘?iltﬁ&g‘g@@suc fhat oEe San?éro?é F‘E)op tz)i)% or
208 G L 206
pretogﬁéb i “?ﬁ%re%t%?%%gt@e@"tgl Bt fEpel TR o rpheiiasion doitge S7805 | <

nplenented as a faster P-Type Joop. Fig. 11 is_a block diagram.of an
exeBTACKSS B RIS PRIPULHENAL: it aPRINg o #&emncxtﬁaaﬁm%t 8ialo tilérmB‘UOSlE@?Jltﬁg a
fixed-swing slicer 304. In this exenplary enbodi nent, the anplitude
i ndeqropensate foriJgsses,/incuged in the tragmission makdiumn 'Elwmntméhahbmng@ﬁc:eralssl i cer
304, and a control | oop 305. The control |oop includes a core-side | ow
bancoypleistof the cere diffyt signaband s istinghcagitrob iuplifamd donvéres thd@Bre outphi sighalsi de

| ow band- pass fllter 310, a slicer-side high band-pass filter 312, four

envikeRAigRl 66 Fﬁil%avﬁ vé’tﬂa%leaé%ﬁng it idchiitfotied 'b?ethé’”s‘JvfdéFEdn%l A, a

slicer-side nmultiplier 34 an adder and a sequencer

. TG hSRRlnh ol AR coflen Mo Pﬁ@ﬁgﬁgﬁ#‘?ﬂﬁ%ﬁﬁgs&@g@% 2" 7o

acconplish_ a |tude |nde dence and mai ntai n op 1al zatlon the
eq u%ﬁr’}i%?é? %?}’RE‘% (‘,’ﬂPta?le’é‘p{g'i“u qempedng $he,corg qylp SF@EH‘G Aé YWtener gy
| evel at the outputs of the equalizer core 302 and t he fixed- smnng slicer
3048ignalh respect to their |owfrequency anplitudes, and then conparing the
normal i zed signals. 14 W) 03/026236




PCT/ CA02/ 01419 The equal i zer core 302 receives an input signal 332 froma
transm ssion nmediumand a gain control signal (Ki) 303 fromthe control

| oop SOSW&&/&gﬁgri bed above, the equalizer core 302 applp@scaodoigrpuency
dependant gain to the equalizer input signal 332 as a function of the gain
control signal (Ki), and generates a core output signal 326. The core

out put signal 326 is then coupled to the fixed-swi ng slicer 304, which
converts the core output signal 326 into a digital output signal 328 having

a fixed swsegondembaiimehtof thequalizeticdniprises ah bgudalizeit éaik, ® fikedibwitigiilRler,i S
fixed at a nom nal value at which data is nost often transmtted to the

equaldZ£Eontf? lodp ublfer BHAL %@@m@%ﬂﬁ‘fﬁﬁfﬁyﬁﬁ aherhBfioR Fldiddide of

t he 1 nput signal® 332, ‘however, t r out put

328 may_ not r o1 mpt e st h WL m of e Lihzer {nput signal 332 prior to
Cr antiH & B, AR ERIE e it T i, IBHCIHMY o choplyaRY b B0y CotenBiD 1
transmni ssion, nedium.a achi eve timal equalization, the control | oop 305
set sSHR0 the inpub sighad; nﬂiegﬁaqueew ?igwgaﬁ%trm is,5anfrolled by tae goin eandrol dmpithe
core and digital output signals 328 and 326 with respect to their

r espamt campénsates for)lassesyingnped i dlss tronsmission angshwrinn g Thé dixed-gwimg slicer is
determ ne the necessary gain to be inplenented by the core 302. The control

| 00pcafpledidythe @oremitptesigeal anfl Wonwerthe e:oreﬁﬁutPixtt 8 | al do [ dighéilt owtpatl sifvdle
er

controller (P-Type), an integral type control Type) or a conbination

£2BkEPhighAT oufhit¥wing, MEnEQititoP lod qe%llx’p@éa tottﬂécéﬁwug;fﬁg%a%met i ons

Pl -t
of the core output signal 6 and the diglital output sign are

i sol g¢ ' ] - s £ [ ' | ow
bandaipe ol RERR! b RNHAR BRGRgrd it SitaRitul HSpt s leh {5

band_ pass filters 306 and 310 is preferably chosen tq match the frequency
bandBEIERRY ERTEN IVl GomBFS M ToERed a0re, D S Pt the PpRaRer SR o
Simlarly, the higher frequency portions of the core output signal 326 and
t he ewtputisignabin mproximgies nmtgenem leveladiffprenes; and generpige thei gain penttplpass
filter 308 and the slicer-side high band-pass filter 312, respectively. The
bandispdt. hs of the high band-pass 15 WO 03/ 026236 PCT/ CA02/ 01419 filters
308 and 312 are preferably chosen to isolate the frequency band at which

t he equal AZBird iefibalintdn B8 thedsifhalifer Tohpiiges £Varddble gaifi apiplifidr, W viidle gain
transm ssion nmedium The energy |evel of the output of each band-pass

filt : “ rqyg? 'ggﬁh f gﬁ@ﬁ
det e%%’%%é:g fﬁ,ﬁg}slfgl,;&gggﬁ a%%%%,&gﬁc 0 ﬁ\ﬁg} c ggﬂnl gir}ggrefé cg%plgﬁ gél\gég vel

si gnal X, . b, an £ oportional 1 he I. of Jits,.input. . kn .

O Bl B p P incRh R BB b SBHt Bu DG EEr b g f s
reference to Fig., 9, the ener | evel sjgnals and y) for the high

£ eliciMeyinp: SR tBiecEHats 8F SaUrot CPEiopaF SatIshs X preSbteraiinsd Sanel e
to force the energy level of the core output equal to the known energy

| eveswing. {The varipble gain applifigncontrg) loopHs soupledato thadrpys signaliard therrqualizer
energy-level signals (x and y) loses its significance, however, when the
SW nepré Apuy sipaak bad compaites tisd inpet sigiial witls theadqualides icore inpld sigeajualorder tohe
swing of the data prior to transm ssion. Thus, to conpensate for an unknown

| Npuperstale de FFRibld Pl contil 91@&19%@5%31&&19% i )ébié;ﬂéd 5 ¢hd bgiiblizEL BHRNCY

portron of the digital output signal is weighted with the energy | evel

sign e élﬁi@sf qpé[gl% j .t i.gna

Sim }v]( ?/’?gntgi'leﬂeana gy- | a{eve gﬁﬁngﬁ%woga?hge%hﬁp%%ﬁ?tﬁl y t[ga%r hd("}%qgf t he
core oqutput. signal 326 i i.qghted with t ener gy: | evel .signal (b) of the
ow FAPRsndHte,fof afemfion of e il St sapiids o, onel insSra i 1 FepirbissiRa ¢ o
Fig. 11, the core-side nmultiplier 340 nmultiplies the signals a and y to
-geneWﬁ@@n%he output a*y, and the slicer-side nultiplier 342 nultiplies the
signals b and x to generate the output b*x. This nmultiplication function is
equi val enA fourthembeidiméent pfithe cqualizer corgprises aovarizhle gain emplifies| ancequaliz¢mput s
326 and 328 with respect to their anplitudes (x/a is the nornalized core

si gnedreanfixed-$wing sliber andraxairiablRchail abplifier @htb) loopO Thetvatiablegaith@nplifier

si ngl e-stage gain control signal (K) 330, the energy-level difference

bet ween the weighted signals (a*y and b*x) is neasured by the adder 322. If
the equalizer core 16 WO 031 026236 PCTI CA02/ 01419 302 is multiple-stage,
then the single-stage gain control signal (K) 330 is coupled to the
sequencer 324, which generates the gain control signal (Ki) 303 that is fed
back to the equalizer core 302 as destri bed above. Alternatively, if the
equal i zer core 302 is single-stage, then the single-stage gain control
signal is preferably fed back directly to the equalizer core 302. in either
case, because the energy-level signals (x and y) corresponding to the |ossy

Y b1 o o o - o, NS o o




WD 03/ 026236 PCT/ CA0O2/ 01419 The exenplary core input swi ng detection
circuit 408 includes a fixed-swing slicer 506, a | ow band-pass filter 508,
and an eRygbhHPRstet ector 510. The fixed swing slicer 506 psr/caspigth to the
equal i zer core input signal 412, which is converted by the slicer 506 into
a digital output signal having the swing (A expected in the equalizer
core. This digital signal is then filtered by the | ow band-pass filter 508,
whi ch preferably has a bandwi dth substantially the same as that of the |ow
barislequpded foi ant inputsignal roph e transmmission medivm swvl rig) alde coupled to 8ivatiable galic. The
filtered output fromthe | ow band-pass filter 508 is coupled to the
envgheslesigifl.c The valddtle Fﬂﬁiﬁpﬁ(ﬁ@i applies A aariabR giin teihelingidt siginl & erdet toand
generates the output of the swing detection circuit 408. e output from

°h . et ' . i Lt y he
po eﬁ%#n d to %éﬂ@%ﬁ@ 48ﬁ%ﬁg}eﬁé%f?§u§t}é@om tEh'e recgl veaq%lééta
swi.ng _d t&: ti,pn ci rl.cuit 406 its. r ef er abl v. coupl ed as %he egative input to
¢ hd® 2aRRIPd $0 .45 seigigst pors i8pucriEnals S0 gnlics A Sregusrsy Sdtin g Hat Jo Ry 404
is thus proportional to the difference befween the .htéransrrit gvm ng (B) of
t heampliigr outpytig orderdo sorpensatedor sffpnuajorsodfhe input signglifhatds cansed by lossee.  Fi g.
14 is a block diagramof an exenplary transmt anplitude independent
addmuirzed in dhetrinsonssb@Omedium andgengrajesra edre @uipuit isignal| The §xedroringTiliser
equal i zer 600 includes a variable gain anplifier 402, an equalizer core
2035 coupled &l tie/bdry dikput sigrial Andacopserts tHendore loukpmd Bighab inta nddigitaboutpat € gai n
anplifier control |oop (VG Loop) 604. The VG Loop 604 includes two | ow
bang ol t LeNV arS ad an
nap ?ﬁ{uh#htgé ?r@_@@teﬁ'gﬂgg%%ngfnp SR qlh‘ép@arﬁﬁieegilﬁ Snfiferdhtdl Joot i

add ari ab er 402 preférably receives an 'l nput

si gnal 0. hat h ee a fr I rapsm.t sw

;o Snptef 10 e B i At Rl oGl stehabi o st Y b ofifef
anplifjer, 402 al so recejves, a yariabl e in copntfrol signal. 616 fromthe VG
0 5B Ah A3t Bt HEFEl B FBARR {0 BFRCEBIE AP pApIaP LB ) SRR 11 o1 402 1 1
order to generate an equalizer core input 412 that settles to a fixed sw ng
(A). The equalizer core 202 operates as 19 WO 03/ 026236 PCT/ CA02/ 01419
descri bed above to conpensate for transm ssion | osses incurred in the
transm ssi on medi umBRIEH DESCREIVAONOFCIHE DRAWINGS gnal 618. The core

out put signal is then coupled to the fixed-swing slicer 602, which converts

the cor erjpuf R bidcR Widgrfvh Ehowing Me Ssdof ah cqudlivet ibh Syiibal GRalhdiitilodata f | xed

swing (A). The gain cgontrol |oop 206 operates as descri bed above with

| B Rcd O Sytlem 1 AT pD R, T A gl SR e ° 207
1 SSia. I Th L . Ly 1sol e | f

por 11 ond by PR el thobtif 6 6 i Bb i e bbb Kintdlfe BPid W20

e ieRRRn ol IR (1, F DEfeRioe ard e ERuBIey LY o5 B gt ne [ o

band-limted signals are centered towards the | ow end of the transmt

spect r urRigt3 istd graph blsowing skesinverseridsh durotiansG{ A5 plottedwdithersame axdsrasithe .
However, the |l ow band-limted signals my be centered at alternative points
W il t smt spectrumas long as the VG Loop 604 isolates a | ower
Spé@s%%&%ﬁt han the gain control |oop 206. Wthin the VG Loop 604, the
| ow frequency portions of the core output signal 618 and the digital output
si gnal &g 4isa blogk dizgragyofiancequalizes £ate that inplements she dyersgdosomnctionr | ow
band-limted signals are each coupled to one of the envel ope detectors 610
andGefB, which generate energy-level outputs that are proportional to the
signal energies. The energy-level output fromone envel op detector 612 is

- preferaly §oURhEtkARagalOSt dnl MeerhdtRi equBlizd? Cof G ifiiéments a bandwidth-

limited inverse loss function;




and the energy-level output fromthe other envel op detector 610 is
preferably coupled as a negative input to the adder 614. The adder 614
gener at e%véﬂﬁoz\‘; s able gain control signal 616, which is p&ppRIYel to
the difference between the energy levels of the |ow band-limted signals.
In this manner, the variable gain control signal 616 forces the output of
the variable gain anplifier to settle at a swwng level (A substantially
equal ta_the, fixed .swin A) of the slice 20, . WD 03/02623

ST CaoTign 5 BEPRY TPttt i, SRR et 7S 1036 EHOPRIPKRS, coul o
be used to inplenment the VG Loop 604 and the gain control |oop 206 shown in
Fi gon the sarfie axésras theloes funkotv&(fdpp 604 or the gain control |oop 206 may be
i npl enented as a proportional type controller (P-Type), an integral type

controll s < i i [# L | b I, 4 ol ler
(PI- Typeﬁg' ﬂl\s gggjl%%( i ‘gélg,l%tnhe VG %d'kgﬂggl?ﬁgﬁ%ktsﬁﬁ?geg}xﬁﬁﬁﬁ? %%W%‘SE%%% are

preferably inplenmented .as diff controller types in order to maintain
sta%?ngyﬁé;{%% c&w&osslﬁgggﬁgr@?%ms descri bed herein are exanpl es of
structures, systens or nethods having el enments corresponding to the '
el ement sFigf 8 isregraply eimwing howdhe gainicanirelsigials inghe multiplewtage equaligerargt i on
may enabl e those skilled in the art to nmake and use enbodi nents having’
al t £& adjusted acdording te tHellergth ok thei teapsmizsioaspaliing 0 t he el enents of the
invention recited in the clains. The intended scope of the invention thus

i ncl udeswg! Y% a ﬁb&l&laiagfa@& shoWifi 8 ExQHiplaR dAaSzet Bkiterd QuélPhs dlstAiéd fn'thén t he

literal |anguage of the clainms, and further includes other structures,

Sys TRt i t.h i nsubstantial differences fromthe literal |anguage
of {eﬁégg%ﬁ%giﬂm?.%ﬁﬁaﬁ% 03/026236 W claim 1. An equalizer, conprising:

PCT/ CA02/01419 an, e .dzer cpore coupled to an input, signal froma.,

transni SEBodOried biREK ARGEam o1 5 cXeTRar, Pl apBhtHs: g areadet TRtV
signal to conpensate for losses jncurred in the transm ssion nmedi um and
genesualizer having @ eentrallablersyving : sligex aprording sie| ene ebgdimentcof Ehsuglaimed o t he
core output signal and a swing control input that converts the core output
si gingéntiont 0 a di gital output signal having a variable swi ng, wherein the
vari able swing of the digital output signal is controlled by the sw ng

control Figpyl;is anblook didithint 6fign eRéhplaty trasiit atipliasle! imdependent adaptiveut

signal and the digital output signal that conpares the core output signal

Wi t L& al t ' Bﬁﬁl?e[tr i - . 2)
The u%ué'ﬁrlﬁ{%gi?k% cpaﬁﬁﬁai‘%gécg?ﬁﬂ%%g anp ?tﬁlkgg&%:%\rqﬁf?o e%eﬂlh%%ggﬁ% gur ed
as a pr 1%.r ii Psrz]aatlilock diagram of a transmit amplitude leveling circuit for an equalizer;

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 independent adaptive

equalizer utilizing a variable gain amplifier.

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 inclq,des an equalizer core 202, a controllable-swing slicer 204, a gain control

10



(P-type) control loop. 3. The equalizer of claim1l, wherein the anplitude
control loop is configures as an integral (I type) control |oop. 4. The
equal i zerwefozhézgn 1, wherein the anplitude control |oop iP?'l‘?(%Fz}o%E»ed as a
conbi nati on proportional -integral (Pl type) control |oop. e equali zer
of claim1, wherein the anplitude control |oop conprises: 22 WO 03/ 026236
PCT/ CA02/ 01419 a first filter coupled to the core output signal that
generates a first frequency band-limte signal; and a second filter coupled

to t hgopl{@Lioop) 206, aid af agitituds behtralQo6y A-EDop) 308: OTHE Grlasppea06)inéladek twar t ed
signal; wherein the first and second frequency band-limted signals are

. conpay: - | t Bl Of '
wher g.ll’lﬁg P Eae/d HES st?{%n %’22‘ gg% ?gﬁ’f"ﬁﬁ ee‘#‘;sé g s%éegg% e2 ?3 Lﬁ?llhl%égf a{?ﬁgﬁéﬁ%ﬁeg’ %ﬂg paut
signal and t L.gi tal,. out pu i gnal, .to eguency ran af _whi t
. § npueaidgie 24tn ibasahjioddd ke Elofp el 20 SHERE Yo IREReELoti cilt o -
The equal izer of claim5, wherein the first and second filters respectively
filtandi24e, ey avelopp detesiogindd g d4brandanpaddsy 2484t put signal to a frequency
range towards the lower end of the transmt spectrum of the input signal.
8. The equdperationally, thezamplitydeindependent ladapitivesequalizer 200 dradks thet amplitade at
| ow-frequency, band-pass filters. 9. The equalizer of claiml, wherein the

anpl ivwhidkeits irput SigndlX10 wadtansinitted by varyihg the swfing 67 i¢ digitalitpatsigml 2 Mo

determ ne an energy level in the core output signal and the digltal output

sign sl et |44 r I § ; f
he CBPIRIRAE o Mg DR the WaRrioh ks | BRPuRPTBONES, OGNS RiePliet
PCT/ CADQ/ 014 10. T | laimb5.. rein litude .c r ol
[ oop PURERES feanicyodiperaiiy, 08 How Reofoly Dot 3 14 Sulalae ol Hefal 210
the. {PPYE SHhUERABIE o8 AREYA A LURh P JHaHeY BSaRPnsy SO e Spioed dO Rey
the f - : .

coupled to the second filter that ?enerat es a second energy | evel output
si gnaletests thefamplitudmobits drpnt signahd19 atqlewciyedusnely, | dndi usesi tés donitfrequency

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
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 (Xi) 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 output signal 212 into a digital
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

controllable-swing slicer 204 to approximate the swing of the equalizer input 210 prior to
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wherein the anplitude control | oop conpares the first and second
energy-level outputs. 11. The equalizer of claim 10, wherein the first and
second eRyghoPR2sket ectors each conprise a rectifier. 12. pegcroddlsigzer of
claim 10, wherein the first and second envel ope detectors each conprise a
multiplier. 13. The equalizer of claim1l1, wherein the anplitude control

| oop i ncludes an adder that conpares the core output signal with the

cont %’%’?’;”FB‘??‘E@?“&‘E‘?’}%‘? il gﬁaéﬂé’&g?fﬁ*%u%ﬁéﬁ%‘%i%@???éﬁd‘ﬁan"ﬁ"igfé@th&”de
- ] . 1 1.
caqu et 2 sbie g MR ol PRt 10b i B nesdn et

coupl ed, as a pagsitive input, to the adder, and the s_econd_energp/-l evel
out gaersiss gf the high bandylimited signalp ke gancrate the gain qontrohsignal (Ki) 2264 Prefgrably,
- 031026236 PCT1CA02101419 16. The equalizer of claim1, wherein the

t r alsniosshamd-limidédisighals areconteral towatsdsdghe low efdthef the dxansmitrspedtrunh at which
wherein the transm ssion nediumis a printed circuit board trace. 18. The
equilhd #aisnidsicl Tss8slare Yiginmil,and e highrtsamdimhitsd sipatils!atel Genferéhtowdrasnche 19.
The equalizer of claim11, wherein the frequency dependant gain is applied

. ¥ : n i ) :
0 ef $HA' dfZthe trdiRHit %&Hﬁhxeﬁﬁy gv;ﬁggns “’.‘°ﬂ§3‘?§%§%‘§§ Ilﬁs(geé‘ WAL oPd sigidficant,

ggpr hI mat eS| an I nverse Of t . ed . t_ransm SSi ?)nl I’T'E' rum
couHoRTPvE 4 hp high i MR P B bl o At SRBi Misne

conpares,the core oqutput _ signal with the digital output signal a
gendiansmaY sgeqirpm, a&&?ﬂgr # t@i‘g'ﬂ&PP%éF%lPWs @ WQ%FPF"HSﬁ’EWF tg“l-“gﬂ’&l 8Tdrs°QPoupI ed
as a gain control input to the equalizer core to control the amunt of
fre@@éncy dependant gain applied to the input signal. 21. The equalizer of
claim 20, wherein the gain control loop is inplenmented as a proportional
(P-type) Withihrthd Aek.oop?208, Thecloadfiiedueney pationd of tite 20re ovtputesignal D2 gad the
control loop is inplemented as an integral (I type) controller. 25

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 detectors 244 and 246, which detect the
signal energies. The envelope detectors 244 and 246 may preferably be comprised of rectifiers,
but could alternatively be any device or combination of devices capable of generating an output
signal proportional to the signal energy of its input. The difference between the energy-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 energy-level output from the
other envelope detector 246 as a negative input to the adder 248. In this manner, the adder 248
generates a swing control signal 249 that is proportional to the energy difference between the
low banq-limited signals. The swing control signal 249 is coupled to the controliable-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
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WO 03/ 026236 PCT/ CA02/ 01419 23. The equalizer of claim 20, wherein the gain
control loop is inplenented as a conbi nation proportional/integral
(PT-typexv&Qg(;ergkl er. 24. The equalizer of claim 20, wherggPcAiigs n
control l'oop and the anplitude control |oop are inplenmented as different
controller types. 25. The equalizer of claim?20, wherein the gain control

|l oop is inplenmented as an integral (I type) controller and the anplitude
contro] .lpop is inplepented as a . prqportional (P-type), controller. 26. The
equhmd-limuted care.quiguso Beganse &%ow@nggth? gvtpyt ig dupicaliy potsignmiticanslyr o t o
unity as the transm ssion nmedi um approaches a maxi nrum | ength. 27. The
equattenuated dfy - theatranspiissiom anedivm,t the swijoglof tbe digitab outpupi214cis: thus magdestoer
function block coupled to the input signal that applies the frequency

dep Rimage it stk e Binptt A 19fior to adsnsissitt.ock out put; a nultiplier
coupled to the transfer function bl ock output and the gain control input

that mul hilih e B1Eody 201 U AN AsiontbPith ARElolBf A8t 0N

i nput and generates ut put’,” wherelrn the galh cohtr i nput
var i,es .t fr ne enda ho rOROL LI QN h ngtiy-of the
t rah?ngé}%oﬂuﬁgg%ﬁ#] gﬁ% 4% l%gﬁgil bty hégg lﬁg@g’la\l}é?%f%g?tﬁ{ﬁ ??é)leaf‘grﬁ It &fﬁe and
t he_equal i zer,  j nput .signal and er t he gore output sigpal,. 26 WO
031 brgbadieef tenBEh Pmipesst temgf‘gawgﬁféw Rreteepbly fetst. isolpterths eghency
equal i zer core further conprises: a |low pass filter coupled between the
mul bagd ire whicht thenequeliger inphtisignal 210 ds mash signifigaatiy yeffestedeby transmission

mul tiplier output. 29. The equalizer of claim 27, wherein the equalizer
cor toskest tee the oiwei ahd sligital batputsi2 #hid|21dhase bedrebhnddimhiied by #rediigh bandict i on
bl ock and the adder that filters high frequency noise fromthe equalizer

i np Ssssﬁﬂéi’§13220_35hd 3he, aRUakIAE ard tespbativily? Couplbie k6 ithe iRSut It theCaiVeldtle | 00D

cof rises: bfl rst filter Coupled to the co_re out put si‘gnal .]that ge elra'ées
£ e SEPPRAL AR 276, B AfCR oS P bRl DS RuGSER ot B SRHES 5 1

oL B L S ah, E SIS A B PLS AP LBl P!

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 generates a single-stage gain control signal (K) 232 that is proportional
to the energy difference between the band-limited core and digital output signals. Because this
energy difference approximates the energy lost during transmission over the transmission
medium, the single-stage gain control signal (K) 232 settles to a value 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
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. §, then the single-stage gaiﬁ control

signal (K) 232 may be directly fed back to the equalizer core 202.
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gain control |oop. 31. The equalizer of claim30, wherein the first and
second filters respectively Iimt the core and digital output signals to a
f requencywoasggs2sdy Whi ch the input signal is attenuated bypciRQobhirem ssi on
medi um 32. The equalizer of claim30, wherein the first and second filters
are high-frequency, band-pass filters. 27 WO 031 026236 PCT/ CA02/ 01419 33.
The equalizer of claim 30, wherein the gain control |oop further conprises:
a first envel gpe detectaor coupled to the frequency band-limted core out put
signal t Hélm'g‘éﬁl?r‘@@%t%dfth%tﬁwmwfi contrpllers Pﬁﬂd@iﬂgmﬁo implementithe don of
the frequency band-limted core output signal; and a second envel ope
. det Boop208 enpthedG-Loop 1206 shewmn émFig. 38n dok instanee, te di-Ladp 208 and thei G:lalopt hat
generates a second energy-level output signal as a function of the
fr epoRgdy BéMiipleivnteddasbithdrad pedploBtidnab itgeatontiolier EPTypby faintegiantypel | oop
- conpares the first and second energy-level output signals to generate the
gai | TG I, : C ' ol 8.t i st and
&’ﬁmé% Q]l %@eeg 32 a- contbinatidh Iiﬂggé ttfollef, b ‘ﬂnﬁ}eﬁ%nf: &%gé ‘iﬂc}g 0 ds 4ot

secon tectors each nprise a rectrtrier equal I zer of

cl aim 30 rein the first and s de | ope..d ctors ea ri.se a
i T9Rs; panpetotEh Bo kel 4o nediitto ORI ol B, RRRIGED fet T Al 2B oo,
further conprises; an, adder coupled . to the first and second ener%-l evel

si gHhgissayenger 230 clnnaddition, do mamnfain ability ig;the, system,the Acrbogp 298 japd ABe,G-c| ai m
36, wherein: the first energy-level output is coupled as a negative input

t o Loep Zulane prefarblynisnplernented anidifigrent eonsrollsn types such thatignieadntrel lmop @6t i ve

| nput to the adder. 28 WO 031026236 PCT/ CA02/ 01419 38. The equali zer of
cl adn208 hué ardontinirdietire gahstagtipobedr For example) the-Gilagp 20Gumby iéfefadly beavi ng
a

implemented as a slower I-type loop, while the A-Loop 208 is implemented as a faster P-Type
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 looio includes a core-side low band-pass filter 306, a core-side high band-
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, the equalizer 300 utilizes a fixed-swing slicer
304, which is independent from the amplitude of the equalizer's input signal 332. To accomplish
amplitude independence and‘ maintain optimal equalization, the equalizer 300 calculates the
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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plurality of individual equalizer core stages, each of which supplies a
portion of the frequency dependant gain. 39. The equalizer of claim 20,
wher ei n g o§aeadd zer core is a nulti-stage equalizer corgchieubi)éado
plurality of individual equalizer core stages, each of which supplies a
portion of the frequency dependant gain, and wherein the gain control |oop
conprises: a first filter coupled to the core output signal that generates

a freque band-|imt core output signal. second fjlter coupled to the
i o tal ol o e S Feistied A i SEAL 432 Boi S SRfemmishoR cac i o a
output signal; a first envel ope detector coupled to the frequency

. bandgdin ponteal stgnab (511303 tfrom thegontrahloopifsy AAedesaribed shoventheggualizasicovait put
as a function of the frequency band-limted core output signal; a second
enve302Epplied # fequency dppendantqgairie the eqnatineryinputrsiprial 332 ada flingtidbmbf thetgair

. signal that generates a second energy-level output as a function of the

{ r eQmeY sipaR(Kl), it Ynatoteh aorobitpi sighid 32k T AelBamtOMEhABIEs!digy {11 ot

and second energy-level signals that generates the gain control sign
sequencer JeF . gal | a. Dl J 1ty of
el GO, 6 2 g6 e FicBP a0k SALH B3¢ obyd VAR 336 Ll ¥ 0
1 cCUGPRE i HaD AR BN 8 Ted STe, hieli o6 FRR A 05 0 FEBIPHAGIA ]
equal i zer core staqes 40, The equalizer of claim39, wherein the plurality
of ifixpd\at auromiaal valng at whish dlata; ig grest efem trengpitted do her equalizesf300n Beqassgiency
dependant gain sequentially as the transm ssion nediumlength increase from
zer cthe equalizerd 00Limindeperelentidf thd mmphitpde lof therinmit signal 3323 Aoweher therswite (A)
plurality of individual equalizer core stages each supply a substantially
g e e o o g ST & ab A My egfal 535 L
apprﬁiﬂrq@ym&nﬁ iBﬁ.a"i‘ﬁg?'ei‘&rSCkosﬁic&HQJel QitBohihd it 15§k Moutieii Ble EAMAliiSG]
havi'ng a igltaf out put srgnal, corﬁs)rl sing the steps 01“3 recelving an
equaliger input.signal from.a.trapsm ssi LU erein the tr 1 tted
ot orrapdiEt ang abhicP 3P RmaL APty ToRBRE 0B DS S5k b1 EAR kel SR AURY | he
transm ssiQn nediumi s . . .

y 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 determine the
necessary gain to be implemented by the core 302. The control loop 305 may be implemented,
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-pass filter 310, respectively.. The center frequency of the low band-pass filters
306 and 310 is preferably chosen to match the frequency band at which the equalizer 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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vari abl e; providing an equalizer core that applies a frequency dependant
gain to the equalizer input signal to conpensate for frequency dependant
transm ssywehsle2eses i ncurred in the transm ssion nedi um @Qq“%ﬂ?bhggnerates
a core output signal; filtering the core output signal to isolate a
frequency range at which mninmal transm ssion |osses are incurred in the
transm ssion nmedium determning a signal swng for the filtered core

out put signal; and 30 WD 03/026236_ PCT/ CA02/ 01419 setting the digita

out pufilteis $0&1and 3 13are prefersblypchosen i isolatethegfrequsney hand et Wwhichuthe egoalizes
signal swing for the filtered core output signal, wherein the output signa
. SW NQinpRPsigdl 382 ¢sattcheated and distdrted byi therhnssvission médiuml hTheredengylleve! of them
42, wherein the steps of determining a signal swing for the filtered core
out pu . . L s L.

- sig naf’“‘?&%ﬁ%gg‘?‘ﬁ%&t Ee g?g’ngsgggm@h%@%?ﬁgt&ﬁéi %?I ter %Bg\grﬁee éic‘) L%@Hisﬂps nal
are perfaqr b addi,t pon f Q eratin fir. ne -l avel

51 gnafeEaE 114 S1 380 A8 A1e Ren R utah Renea bR Tovel Fthdrch Y ard 45
output signal; filtering.the digital output signal to isolate a frequency

r angePEPorkionalfo the ¢nsEgy o5 it5 i8R si on | osses are incurred in the transnission
medi um generating a second energy-level signal that is proportional to an
out put si ghngmpﬁmggdmnduh@qﬂalizxeem, guchags dgsarphed abpyshwith refernseitofig. he
first energy-level signal with the second energy-level signal to generate a
swi ngoctheknély $évehsipnalsvive sl ¥) fold ¢heshigh Grequeticy @ortionastathe icsresandssliaed owthhity
equal to the difference between the first and second energy-1|evel signals;

and pP@efmi 3B & cOMpirel taRdre ﬁfefieasrl@héﬁ,@ bf {He%ord QRBuL\RDal BRhE RAGWR ehétdl

signal and the swng control signal”and generates the digital output

0 T e R 7 T B ] B e R B 99
© ¥ o 1S s S ga e fa eV e, Wogb e G340 . EXiRiarel Dot SEFT 5304 dp e

applies a frequency dependant tIqai n to the input signal to 31
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 .;signal 326. Similarly, the energy-level signal (x) of the high frequency
portion of the core output signal 326 is weighted with the energy-level signal (b) of the low
frequency portion of the digital output signal 328. Wim 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 levels of the core and slicer outputs 326 and 328
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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W O 031026236 PCT/ CA02/ 01419 generate a core output signal, and wherein the
frequency dependant gain is controlled by the gain control input and
conpensa osses incurred in the transn ssion mnedi ' SW ng
slicer cgﬁgpje@%%% the core output signal that converts t?e@l(‘:lglrs‘gm()ﬁgf%ut
signal to a digital output signal having a fixed digital output sw ng; and
a control | oop coupled to the core output signal and the digital output

signal that normalizes the core and digital output signals with respect to
their 3QRnis nagtiplawsiagen shepy thee siagle-stagsnpain confrak smahxﬂgb 789 iorenpled forthe
signal with the normalized digital output signal to approximte a

nor nal segaencend24ywhiely gknatates theegairecordrod sigaale(Kd) 303 thatisgfed hack o thel eqnalizer .
45. The equalizer of claim44, wherein the gain control input is

Propor ¢dremah dsUekéifbedOivaRt. 20tradtively if Méaqualidelr RbRNSE2 istEinglblatage( tithi ther

of claim44, wherein the transm ssion nediumis a coaxi al cable. 47. The

Eﬁﬁ?h?ﬁ%&ﬁ gﬁ?ﬁﬂ%’é‘:‘é’hu 4‘?%?”%4??:&? Sfin%mmﬁ& gt Fﬁ‘éﬂ?ﬁ%@%@%ﬁ%ﬁ‘#@%i‘h%
' 49. T | i m 44, '
apendSHE Teatee e peiey Sl EPRs @ apd SEerriptiPec i lovgy PRFGNS FF dbe,core

transfer function that approxinmates the inverse of the |osses incurred in
t he transdsdigitel outovk signels 5%6 andy328 g onarpwalipedrmithopespect 1o thsir ometregusacy zer
of claim 44, wherein the control loop is inplenented as a proportional {P
type) amplitndéd @rand%), thehahwegoiK 33 anaf Kt 303 anearadeprepeitionahte the triansyhissionp
Is inplemented as an integral (l-type) controller. 52. The equalizer of
cl ai m KdsesVdveh GhoughhtheC @fiplitatie lof Qe ieualivet &Rl istithab 332 i€ GibunlGiowa) In this
proportional/integral- (Pl-type) controller. 53. The equalizer of claim44,
wher ei | r4 " I | t

i er, &g%{kﬁ €ntrd] Yignaf ORI I03@r 1@315.(9;{3'&%5 tﬁ]g& él%d@n@fég 1eV@tof the

recei ves I zer i nput “si'gnal” and a requency dependant
gain to _gengrate trang.nrf nction.hl,ock o t: | tiplier a
recei vE¥ Pﬂﬁ’“ﬁ ﬁﬁﬁoe?pWU C Feo e@oi&@%xz%ﬂteﬁgy g%‘zéitdrfetﬁ%gﬁ%ercog“k#q?éy}bg’n%ﬂtthgnd
generates a ltiplier Qutput, that is a multiple of the transfer function
bl ock @HF‘pﬁiﬂnEﬁézﬂf@”&&ﬁ}ﬁe&&sﬂFP‘gl i nput, wherein the gain control input
varies the frequenC\{D dependant gain in proportion to .

Fig. 12 is a block diagram of a transmit amplitude leveling 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
402 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 equalizer core. The variable gain control signal 414 is preferably generated
by the adder 404, which compares the transmit swing (B) of the input signal 410 from the
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 circuit 406,

which generates an energy-level output that is preferably coupled as a negative input to the adder
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the length of the transm ssion nedium an adder that receives the
mul tiplier output and the equalizer input signal and generates the core

out put siwoasn2628¢ The equal izer of claimb53, wherein thepgqp}éhogm%%gol
i nput varies fromzero to unity as the transm ssion nmedi um approaches a

maxi mum | engt h. 55. The equalizer of claim53, wherein the equalizer core
further conprises: 33 WO 031026236 PCT/ CA02/ 01419 a | ow pass filter
coupl ed between the nmultiplier and the adder that filters high frequency
noi s404 rihesvirg () afithe peualizer gore inpubsigngl 412 ésealeuleted withdhe poreduput\wivéng:i n
the equalize core conprises: a |low pass filter coupled to the transfer

- f uncddtert cipbuit408; ndhidhhgenerhtiasr ant dnatgyflievé]l ntpuih kigit i preferahiby youpledsas 4 positivdre
equal i zer input signal. 57. The equalizer of claim44, wherein the control

! QOpinPﬁ’t”iBrthé Q8derdd4. ' Rishb@l e @sHEER60M, hoWePér, BRit RhAH tyPed BECERFG cRdhiie!t
- signal that generates a | ow frequency core output; and a second

| ow fll oupl ed. L u [P : es a
| ow CPEEHENEN b gefbraROH Fiabfh bR, cahitpl enflhPh cuSh 0% R BRIV O D
| ow $equenc igital, output are apalyzed by the.contr | oop to,determ ne

| v SRR 2T ik By B Fipe oBroler (A TpeN o 2isPriaation itk SOOI n 1 e
first and second | owfrequency filters isolate a | ow frequency bandw dth at
whi ch ni nfheatransmit amplifude lavelingeeirait 400onsay het implemented,nfor examplen daithe i on
medi um 59. The equalizer of claim57, wherein the first and second

| ow-dquelizes rsyytemi 100=described labowe withurefecgncetarftigpfdy éoupliag the 6Gtpuliof the
equal i zer of claim57, wherein the control |oop further conprises: 34 WO

ngm Osf?a?%Bfé gainl AfapRRrU12 1R the fripus to BR\egLAIBRT B61eSIOR0 Fof @mlnfré, ifahé lgualizer
guency core output that generates a first energy-Ilevel signal

g:}gpé}%ho 180 isOcdnBiguted Vid eGAERE Coark WrnShittdd’ & 880mY EndHE @it R tinstesal :
transmitted at 1200mV, then the v;a11able gain control signal 414 would preferably adjust the
gain of the variable gain amplifier 402 to 0.666 in order to reduce 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 si’gnal 414, and thus the amplifier 402 would be operating as a buffer.

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 detection 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
spectrum at which the transmission losses are minimal. In this manner, the output from the low
band-pa§s 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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a second envel ope detector coupled to the | owfrequency digital output that
generates a second energy-level signal proportional to the | owfrequency
ener gy | q¥§hs@fsaihe digital output signal. 61. The equal i g€f/cab@lsgd M 44,
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 coupled to the digital output signal that
generates a high frequency digital output; wherein the control |oop

nor nal i ZBke exemplaryteore isnuiesvang detection pineutt 408 includes pdivedroving slicep W6 2 quency
energy level of the core output signal to generate the normalized core

out Jowt banidgrasd filtermsD8n aridai emetope fdetebiog 510.r Thiel Gred-swHng sliskr 506 isbuplediel with
respect to the | owfrequency energy level of the digital output signal to

gengE lgRaliAAf cBR #Bhi &igfal 12 WHiclOid dRrbertdddbikhe ﬁgce%' 506 iﬁﬁ%h%giﬁ[ ofifpug! @i m

61, wherein the control |oop further conpri‘ses: irst envelope déetector
C oS i 86l ) BB, TR GuRith e, i AR B if ey Bler BB O,
o o BB i HEL S B gt b b3 B e

| ow frequency energy |level of the core output . signal to generate the
northelow dand-pass fter 502 insthgre¢eivedBlata sping deetiopeirquiii4 (G0 Pheofiltared antput

normal i zes the second energy |level signal with respect to the |owfrequency
enefrgin the\lew ahdipass dilter 568 inoduplid R Bvanveiope cletectolr & 10h evhichr detkets atle
digital output signal. 63. The equalizer of claim44, wherein the control

| oOghefRNMR(EIE The Aghdl ahd ghifipatks BidaRRY of the fsa;ingiﬂ@itfﬂt% cifRuit 368 C ThE ofdipub ut

signal "that generates a | ow frequency core outp a second | owfrequency
fil ‘]E'Illﬂf L . tRR L. S| t . A reguency
di gi altﬁggﬁﬁﬁﬂ;’&% [ ggbﬁ#%‘ﬁé‘%"ggé gg?\sc@lle?eir} ﬂl& © B@é}ﬁgﬁgg{%ﬁﬁ% %g&etgotﬁ put
signal that er at es hi freguen core qutput; a secqand high-frequency
71 e Rl Shbie Troh iy i ln i AeRicyl peudf 408 s rdieratiE gy Ency
digital output; a first envel gpe detector, coupled to the | owfrequency core
out§aupledrpsitheypegative dupuk tq thegdder 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) expected'in the equalizer core.

Fig. 14 is a block’ diagram of an exemplary transmit amplitude independent adaptive
equalizer 600 utilizing a variable gain amplifier 402. The equalizer 600 includes a variable gain
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
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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energy-1level signal; a second envel ope detector coupled to the

| ow-frequency digital output that generates a second energy-|level signal; a
third enwgb@B@2¢iss ect or coupl ed to the high-frequency corecerispbbidihat
generates a third energy |level-signal; a fourth envel ope detector coupled
to the high-frequency digital output that generates a forth energy-Ievel
signal; a first multiplier that nultiplies the first energy-I|evel signal
with the.fourth energy-| ev si gnal .t enerate.a first nornalized sigpal;
A 28eseriog 50 Th S f dor Bt ssioroloER SR i it s ER ARy PG
the second energy-level signal with the third energy |level signal to.

. gener BANSTatessd ERHGPUWRIK rFign: gé&s iIhgnore QRpREsignalis thesigaupled wohe dixed=maagt he
first normalized signal with the second nornalized signal to generate the
gai n slivet 662, whiphitconetts theeorqadputzsignab618 lintora digitalvnedput signdl620dreving al oop
- further conprises: an adder coupled to the first normalized signal and the
seconfxaPsviaRk i(ARITERE ghiR borthil lodEI08 GPepaled dt_ieddribed @BOVE With refetbnce BPFigl 1@

equal i zer of "claim 64, wherein: the first normalized signal is coupled as a

s ol e R S5 R ) st
ot femendens ossatiobpeEin i RO SR’ UG odkdh 8RR ot - o

and fourth envel ope detectors each conprise a multjplier. 68, The equali zer
of cl lownigquencyparaons efythecenre ouirat stgnak 618 and he digital quipwt fignal £20, apde
having a plurality of individual equalizer core stages each of which

supp! cemspaxepthetsignal efiergies of thetweon tow Hendelivhited singles, toPenerawthevapabR3gain
PCT/ CA02/ 01419 69 The equalizer of claim68, wherein the control |oop

conpr égiftd! signal 616. Preferably, the low band-limited signals are centered towards the low end of

D

the transmit spectrum at which the losses from the transmission medium are minimal. 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 6'20 are isolated by the low band-pass filters 606 and 608. The low
band-limited signals are each coupled to one of the envelope detectors 610 and 612, which
generate energy-level outputs that are proportional to the signal energies. The 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,
which is proportional to the difference between 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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a sequencer coupled to the gain control input that generates a nmulti-stage
gain control input conprising a plurality of individual-stage gain contro
signal s; wbesgicasd he nul ti-stage gain control input is coporedod/eside
equal i zer 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.

70.
Th i t h | Jti-st
equal i zor et ffetand AF Ry v, o Yt squ pe Bectc Bt nlphacteacn
of which supplies a portion of the frequency dependant gai n, and mhereln
. the c¥frkesp oQbndbagainsogtrobiogr 40 shasyn indiigl Wi Ko insiancgathe VG 00p1604rmsut

that generates a nulti-stage gain control input conprising a plurality of
i ndi vibegein somtgs lgep 206 onay bé implgmehted ashe peoportidnal typet contriolige (Rydype); @nt r ol

- input is coupled to the equalizer core instead of the gain control input,

and epdgralighe/édhiiles 1 Hepar Ncdibinkiin sroprdionsidntcprll $ypd ConRelitd (‘P'B-’Igfpe? he
ua

frequency dependant gain supplied by one of the pIuraI|ty of indivi

I t 7 lit
of 1 it AR, e V3 Top G0 IAE (RN kol lock] 206 poPt. i e
d nt II t.he. t I th
ffﬁﬁ?%%n?%éﬁ S P i e AR Ol ci o m 68, whor o1 the

plurality of individual equalizer core stages all supply a substantially
equal port Tih 361-30@1%31?@ desaihed hrspinnganexaginles af stmefuresasystewsi anmettidsm
| ength increases fromzero to a maxi num val ue. 38 WO 03/ 026236

PCT/ Ceeyaiig tletigni3correspendingl tofthe etetients of fheeipvention reejtedidarthe ghiimsi nThis
anplitude independent serial digital equalizer, conprising the steps of:

r ecei wtittgn desceiptioh imey ehatidel thode gRitled fih Ahi art! toomeke afid @Se FRbolithen® Bxvidgno
an equal i zer core that receives the equalizer input signal and also

I ecei MRSnaive 18RS tthat! me“qg@lcmagena heith@RRnens Bf L HVeRGN fé’o@@g%%ega' n

to the equalizer 1 nput signal enerate a core output S|gna ereln the

frequ e tr in,co roI nal
compestateTRCRIREd 381, 1pf Bty ﬁlil #%@%o?@ T6r meftpds
fixed:sw,ng slLicer that Con rts the outp S|gnal t a dlgltal output
L o hBhad ot cigfe oo s E7Rm Tghags of 9 aiminy aad F3th

portion of the core output signal ; detecting a Iom1band I|n1ted core S|gnal
ener gfysteaiser meghodsyith ingubstantia rengesifipnitthe litsrallanguage ofthe clainas.out put

si gnal ;
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1

i solating a high frequency bandw dth portion of the core output signal;
detecting a high band-limted core signal energy |level for the high
frequencwOasggasg h portion of the core output signal; iset@idAdfoi1d oW
frequency bandw dth portion of the digital output signal; detecting a | ow
band-limted digital signal energy level fox 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
ener gyWeglamif or t he high frequency bandwi dth portion of the digital output
signal; 39 WO 03/ 026236 PCTI CA02/ 01419 nultiplying the | ow band-1imted

. core signal energy level by the high band-limted digital signal energy

| evel to generate a first normalized energy-Ilevel signal; multiplying the
hi gh bandn|eqfARE cofipsisiiggnal energy level by the |ow band-linmted digital

- signal energy level to generate a second nornalized energy-Ievel signal;

it ana SR ERRUEETR oupl e an R SRR 2 habilsfon P h S R AR ol

73, whgrein: the l.ow fre ng andw dt h portians of the cote.,output signal
and ¢ nEedeDpy Sebeniel s SREPutpAl it bembgisd A dafen InfSrER B8, Thi ch Une
equal i zer input signal jncurs mnimal transm ssion | osses in the

t r ans niransyssionmedium andeenpratesiapere eWpIEENALhandwi dt h portions of the core
out put signal and the digital output signal correspond to a frequency range
at whi ch t hecentrdlableeswing plicer soupied toi the aore@utmt signalzid aAwing oaitral dnput
conprising: a variable gain anplifier coupled to an input signal froma

t r ans nfhaséRReEthe ¢otesifipidt sithal ikl £ dipitaNoiputisigal Baviiph vhidtle SPidl #herin

vari able gain to the input signal to generate an equalizer core | nput

si gnal . S Y [ < S o i LA 7 .Lfher
cont ey Aable SwfeRer ¥t Figlar it oAl isSPholliq AR Bblre GRS1 APRE nd 1
signal that_conpares the.knput signal, with the equalizer i t. si,gnal
and gener at F53PHE g%?‘? ol Zoo%aqupfggg? kh(’fl “oLy %‘htg'?t; S?éﬁ\g %&e digitaf olitpRi sigrial

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 contro! 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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WO 031 026236 PCT/ CA02/ 01419 an equal i zer core coupled to the equalizer core
i nput signal that applies a frequency dependant gain to the anplifier

out put taoypesmsnsate for attenuation of the input signal eawgad2biard osses
incurred in the transm ssion nedium 76. The equalizer of claim75, wherein
the variable gain anplifier control |oop conprises: a received data sw ng
control detect circuit coupled to the input signal that detects a first
energy level in the input signal, and generates a first energy-|evel

out put ; and adirsthiléericappled safhepomowtput signak that gensratesalfirsd frehueney bahd-tieitecor e
i nput signal that detects a second energy level in the equalizer core input
si gnal sindl;gadier at es a second energy | evel output; wherein the first and
second energy-|evel outputs are conpared by the variable gain anplifier

control |00p degof BReALEUPIBE oy 3hé ARital iagégﬁt SigHAl" (Bt n%ie%}ﬁt'es a7gecoﬂ_(h‘freﬂuenc

- equalizer of claim?76, wherein the var le gain a Irer control 1oop

furthe ) KEAS: 4 - AN adder coupled to the first and second energy-| evel
out put gjaﬁﬁg?%igeg%@?ﬁes the variable gain.control signal. 78. The equali zer

of claim75, ., wherein the vari abl ain anplifj.et. contrql | oop conprises: a
fi xed- swi ng @efed’érthﬁoétﬁféﬂgt §F°Pw§ %aagrpqyggancﬂhmgeﬁ rﬁsma?%iagﬁaomm&d O¥nthert s
the input signal into a digital signal having the pre-determ ned sw ng,

wher ei r@nxpﬂi@q%ﬁsmrolép@m is conpared with the digital signal to generate
the variable gain control signal. 41 WO 03/ 026236 PCT/ CA02/ 01419 79. The
equal i zer of claim75, wherein the variable gain anplifier control |oop
conprises: a first filter coupled to the input signal that filters the

i nput i glha|e]gﬁaﬂiz@r 6f iue 5 OVhérainGRe fifst YAH fdohd'AltérS PakpesthvaARitt hE bore Juli ™
attenuation fromthe transm ssion nedium and generates a Tirst

| owfr 'Eféﬁhi is@l | | . . [,Zer core
i nput g%ﬁla%n ttﬁ%t colno\}‘g?‘%ts eéwn%&éé%ﬁégg%g% c?ﬁ&f”t“gﬁl&@r g{’f Mavi ng
the pre-determ ned.swing; and. a secand filter coupled to the digital signal
t hat flggt",c@“ﬂﬁ%“ﬁ#&ﬂ@’%@%ﬂ%&’%@frequency range at which the input
signal incurs mniml attenuation fromthe transm ssion nmedi um and
generates a second | owfrequency signal; wherein the first and second
| ow frequency signals are conpared to generate the variable

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

K

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

spectrum of the input signél.

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

filters.

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 loop compares the energy levels of the core output signal and the

digital output signal.
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gain control signal. 80. The equalizer of claim79, wherein the variable
gain anplifier control loop further conprises: a plurality of envel ope
det ect or swblvalozéieé er m ne the energy level in the first angcgRedMi419

| ow $equency signals, wherein the energy levels in the first and second

| ow-frequency signals are conpared to generate the variable gain contro
signal. 81. An equalizer conprising: a variable gain anplifier coupled to
an input signal froma transm ssion nediumand a variable gain contro

si gnal10f Tht equtizersf daiwes, veltdrein gied amplétudheonitrop isopfugher comprigener at e an -
equal i zer core input signal having a pre-determ ned signal sw ng; 42 WO

- 03/026236 RGP ddiBcdn cAficl toARS fifs fifteCbilcRbrald o M8t GitY#Y-1e48Y oRPhe

i nput signal that applies a frequency dependant gain to the anplifier

out put,, co t i . ] signal caused by | osses
- Phoor pis®) & Y REORH G rtls ety v Bilel gl itha 31 000, CORT Y et o
fixed-swing slicer coupled to the re, out pu ignal that converts the core
out put si gl%a'iec‘? eave @gtéfecfﬂftcﬁﬂl’legﬁg sef‘fg(}é r@w? ﬂ@t SFRETHES B SePORAL RS &Yral

swing; and a variable gain anplifier control |oop (VG Loop) coupled to the
core devepoutput sigral agmfunckien of Hietsgsond frequency bandil sigapbpar es the core
output signal with the digital output signal and generates the variable
gai n cont r ethegeig el ampfitudeldontiot|loapicompares thed fivsnarkiisecoberergy-ldvel diffputsop
conprises: 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 mniml attenuation fromthe transm ssion nedi um and generates a
first4ko r i ; ' I P Ol

out put1o 15e SHEHERCH AT, v PcROR debbrinveRR Bllokl Llf cBnBisdh
at which the input signal incurs mniml attenuation fromthe transm ssion
medi uffy ‘generates a second | owfrequency signal; wherein the first and
second | owfrequency signals are conpared by the VG Loop. 83. The equali zer
of claim8l, wherein the VG Loop conprises: a first envel ope detector that
detects an energy level in the core output signal and generates a first
ener gy2! &hekequalizpnof,claimil (3 véwersn thecfirstdndrecatst envelope dhtettotetach icompriseaer gy
| evel in the digital output signal and generates a second energy-|evel

out puimultiplier.

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

compares the core output signal with the digital output signal.

14. The 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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43 WD 03/026236 PCT/ CA02/ 01419 wherein the VG Loop conpares the first and
second energy-level outputs. 84. The equalizer of claim81l, wherein the

VG Loop iwelosesss@n adder that conpares the core output sSpgn@aoyoisio t he
digital output signal. 85. The equalizer of claim8l, further conprising: a
gain control |oop coupled to the core output signal and the digital output
signal that 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 the anount
of frequency dependent gain applied to the anplifier output. 44 .AL% As. A

. U.As

erein the transmission medium is a coaxial cable.
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2H implemented as different controller types.

25. The equalizer of claim 20, wherein the gain control loop is implemented as an integral (I-
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 medium approaches a maximum length.

27. The equalizer of claim 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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noise from the multiplier output.

29. The equalizer of claim 27, wherein the equalizer core further comprises:
a low-pass filter coupled to the transfer function block and the adder that filters 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 coupled 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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generates a first energy-level output signal as a function of the frequency band-limited core
output signal; and
a second envelope detector coupled to the frequency band-limited digital output signal
that generates a second energy-level output signal as a function of the frequency band-limited
digital output signal;
wherein the gain control loop compares the first and second energy-level output signals

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

dependant gain.

39. The equalizer of claim 20, 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, and wherein the gain control loop comprises:

a first filter coupled to the core output signal that generates a frequency band-limited core
output signal;

a second filter coupled to the digital output signal that generates a frequency band-limited
digital output signal;

a first envelope detector coupled to the frequency band-limited core output signat that
generates a first energy-level output as a function of the frequency band-limited core output
signal;

a second envelope detector coupled to 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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40. The equalizer of claim 39, wherein the plurality of individual equalizer core stages each
supply a portion of the frequency dependant gain sequentially as the transmission medium length

increase from zero to a maximum value.

41. The equalizer of claim 39, wherein the plurality of individual equalizer core stages each
supply a substantially equal portion of the frequency dependant gain as the transmission medium

length increase from zero to a maximum value.

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 equalizer 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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43, The method of claim 42, wherein the steps of determining a signal swing for the filtered core
output signal and setting the digital output signal to have an output signal swing equal‘to the
signal swing for the filtered core output signal are performed by the additional steps of

genemﬁg a first energy-level signal that is proportional to the signal swing for the
filtered core output signal;

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 dependaﬁt gain to the input signal to
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a fixed-swing slicer coupled to the core output signal that converts the core output signal
to a digital output signal having a fixed digital output swing; and
a control loop coupled to the core ouiput signal and the digital output signal that
normalizes the core and digital output signals with respect to their low-frequency energy levels,
compares the normalized core output signal with the normalized digital output signal to

approximate a normalized energy level difference, and generates the gain control input.

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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51. The equalizer of claim 44, wherein the control loop is implemented as an integral (I-type)

controller.

52. The equalizer of claim 44, wherein the control loop is implemented as a combination

proportional/integral (PI-type) controller.

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;

a multiplier that receives the transfer function block output and the gain control input and
generates a multiplier outp'ut 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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frequency noise from the equalizer input 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 low-
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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energy-level signal proportional to the low-frequency energy level of the core output signal; and
a second envelope detector coupled to the low-frequency digital output that generates a
second energy-level signal proportional to the low-frequency energy level of the digital output

signal.

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

a first high-frequency filter coupled to the core output signal that generates 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 output with respect to the
low-frequency energy level of the core output signal to generate the normalized core 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 high-frequency digital output that generates a
second energy level signal,

wherein the control loop normalizes the first energy level signal with respect to the low-

frequency energy level of the core output signal to generate the normalized core output signal,
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the digital output signal to generate the normalized digital output signal.

63. 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; |

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

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

a second high-frequency filter coupled to the digital output signal that generates a high-
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 low-frequency 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 generates 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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wherein the control loop compares the first normalized signal with the second normal

signal to generate the gain control input.

64. The equalizer of claim 63, wherein the control loop further comprises:
an adder coupled to the first normalized signal and the second normalized signal that

generated the gain control input.

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

comprise a rectifier.

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

comprise a multiplier.

ized

each

each

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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: a sequencer coupled to the gain control input that generates a multi-stage gain control
input comprising a plurality 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.

70. The equalizer of claim 65, 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, and wherein the control loop comprises:

a sequencer coupled to the gain control input that generates a multi-stage gain control
input comprising a plurality 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 eac;h 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 equalizer 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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equalizer, comprising the steps of: .
receiving an equalizer input signal from a transmission medium;
providing an equalizer core that receives the equalizer input signal and also receives a
gain control signal, and that applies a frequency dependant gain to the equalizer input signal to
generate a core output signal, wherein the frequency dependant gain is controlled by the gain
control signal and compensates for losses incurred in the transmission medium;
providing a fixed-swing slicer that converts the core output signal to a digital 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 bandwidth
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 band-limited digital signal energy level for the high frequency bandwidth

portion of the digital output signal;
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multiplying the high band-limited core signal energy level by the low band-limited digital

signal energy level to generate a second normalized energy-level signal;
setting the gain control signal proportional to the difference between the first and second

normalized energy-level signals.

74. The method of claim 73, wherein:

the low frequency bandwidth portions of the core output signal and the digital output
signal correspond to a frequency range at which the equalizer input signal incurs minimal
transmission losses in the transmission medium; and

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 signai 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;

a variable gain amplifier control loop coupled to the input signal and the equalizer core
input signal that compares the input signal with the equalizer core input signal and generates the

variable gain control signal; and
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r dEldependant gain to the amplifier output to compensate for attenua on of the input signal caused

by losses incurred in the transmission medium.

76. The equalizer of claim 75, wherein the variable gain amplifier control loop comprises:

a received data swing control detect circuit coupled to the input signal that detects a first
energy level in the input signal and generates a first energy-level output; and

a core input swing detect circuit coupled to the equalizer core input signal that detects a
second energy level in the equalizer core input signal and generates a second energy-level
output;

wherein the first and second energy-level outputs are compared by the variable gain

amplifier control loop to generate the variable gain control signal.

77. The equalizer of claim 76, wherein the variable gain amplifier control loop further
comprises:
an adder coupled to the first and second energy-level outputs that generates the variable

gain control signal.

78. The equalizer of claim 75, wherein the variable gain amplifier control loop comprises:
a fixed-swing slicer coupled to the equalizer core input signal that converts the input
signal into a digital signal having the pre-determined swing, wherein the input signal is

compared with the digital signal to generate the variable gain control signal.
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a first filter coupled to the input signal that filters the mput signal to a frequency range at

which the input signal incurs minimal attenuation from the transmission medium and generates a
first low-frequency signal;

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

a second filter coupled to the digital signal that filters the digital signal to the 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 to generate the variable

gain control signal.

80. The equalizer of claim 79, wherein the variable gain amplifier control loop further
comprises:
a plurality of envelope detectors that determine the energy level in the first and second

low-frequency signals, wherein the energy levels in the first and second low-frequency signals

are compared to generate the variable gain control signal.

81. 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;
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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.

82. The equalizer of claim 81, 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 minimatl attenuation from the transmission
medium and generates a first low-frequency signal; and

a second filter coul;led to the digital output signal that filters the digital output signa! toa
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.

83. The equalizer of claim 81, 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;
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wherein the VG-Loop compares the first and second energy-level outputs.

84. The equalizer of claim 81, wherein the VG-Loop includes an adder that compares the core

output signal with the digital output signal.

85. The equalizer of claim 81, 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 dependent gain applied to the amplifier output.



