WO 03/ 028241 PCT/ US02/ 28521 Crosstal k Equalization for |nput-Qutput Driver
Circuits Field [0001] Enbodi nents of the present invention relate to
circuits, wana/mexe 5 particularly, to crosstal k equal i zatkcanusoensstni ver
circuits. Background [0002] Capacitive and inductive coupling between
transm ssion |ines lead to el Gl {0 pgnet i ¢ sSi gnal s, propagating in one
LAt Al on ot DAL e QUL S EE gnal s propagating
in another transmssion line. This is often referred to 10 as crosstal k.
Transm ssion |lines are common in conpuier systenms, where a chip (die) may
comuni cate with another chip via trafifmi ssion lines. For exanple, part of
a conput ef0008]yst emﬁnﬁaoaiﬂﬁ:m dfmelﬁr@enﬂinve}m@fﬁla@gci&%@t@,taﬁfggl&gz?eSSj[ ngogni t)
102 co ni cates wt i pset . 104 via front side bus ) i pse
corrprigggpﬁtl?éﬁg'r?cé%sﬁtﬁﬁ‘c?ﬂﬁélzmﬂ%%b%ﬁﬁﬁ?‘&%}% with nenory via nenory bus
110, and has a port for comuni catBREouhd 15 graphics processor 112 via
graphics bus_114. Chi pset 104 al so conprises a bridge for conmmunicating to
ot her per 990 al s, (Shrpfivgand Bxdpgive cpyrliae baeerciinmsmishipe Hnes &y ledddo sy st em
bus 118. Jib&rdaissas sighalfp@packtifBh GeATAARESA 1&5@&%@%5#@&1,1 nes. [0003] The
crosstal k problemis ill usFrat_ed_ in Fig. 2, where a pulse representing a
| ogi cal "alectiosmagpetissignals pigpasatiog imaspthadmnenissipmlinenikis isoftehireferr@0d, and

driveyy 20§ grggggag@mgsg@?%gmleQ gxiecc?-lngilloggiln p%nrﬁ?lgetr %geﬁgg%%%%gglp di%)i 19%211 on

transmssion line 2 rsrnpli or’ e
transmi sstaminiegpée Wigh glhthanchibuia tiansmpissiat lirce Fohexaapteayarbel aonvepoter nor e

P e SRS By H PR o el SSERTL ML DR THBRFLYF o™
recei ved gupsselOdrvid framside Biss i06. Chipset 104 comprises a memory controller to
communicate with memory via memory bus 110, and has a port for communicating with
15 graphics processor 112 via graphics bus 114. Chipset 104 also comprises a bridge for
communicating to other peripherals, such as network interface controller 116, via system
bus 118. The busses in Fig. 1 may considered transmission lines.
[0003] The crosstalk problem is illustrated in Fig. 2, where a pulse representing a
logical “1” is transmitted by driver 202 on transmission line 204, and driver 206 indicates
20  alogical “0” by not transmitting a signal on transmission line 208. (For simplicity, only
one conductor for each transmission line is shown, but in practice there may be one or
more planar conductors forming part of the transmission line structure.) The received
pulses are depicted in Fig. 2, where pulse 210 depicts the received pulse on transmission
line 204, pulse 212 depicis the received pulse on transmission line 208, énd where 11, t5,
25  and t3 are three instances of time for which t; is the rise of pulse 219, t, is the midpoint of
pulse 210, and t3 is the’fall of pulse 210. Pulse 212 results from crosstalk, and is
approximately the derivative of pulse 210.
[0004] If pulses 210 and 212 are aligned as shown in Fig. 2, and sampling occurs
at tp, then received pulse 212 on transmission line 208 is correctly interpreted as a logical
30 “0”. However, there may be timing jitter so that received pulse 212 may not be sampled at
time t,, or there may be electrical length mismatch among transmissions lines 204 and 208
so that the received pulses are not aligned as indicated in Fig. 2. Consequently, pulse 212

may be sampled so that it is interpreted incorrectly as a logical 1.
1



| ine 204, pul se 212 depicts the received pulse on transm ssion |i

, i ne 208,
and where t1, t2, 25 and t3 are three instances of tine for which tl is the
rise of pwosms/240; t2 is the mdpoint of pulse 210, and tET/Esoehes2ial | of
pul se 210. Pulse 212 results fromcrosstalk, and is approximtely the

derivative pul se . 210.. [0004] If I s

oot LYt o] P o agshSIRene BYhRER g NP2 1Rk @lgogd a5 shoun
'It_lg \e,:g \s/ renr sg Itn%&()ktﬁﬁ% aebl&iﬂean@woh@ﬁ‘sé g/trhdetbemetetvecblmr eondugfprsavherg@ga” 0"

Comel e auterse bt e WSl MR PR S IR I o e

transni sgfQpblen®sa &AAIRE20Bicraaip Hawetenatriptines aventlogeudostysthar e not
aligned as indicated in ulse 212, . may be sanpl ed so

] . Fig. 2. Consequentl
that Pt imjcropffipy- &Pé%eé'éimﬂmgwrél%lﬁw agogﬁﬁfgalj?és? cargmon RrofjNsMy8, 028241
PCT/ US02/, 28521, < k000%kpebially AN\igHasiAk Ak him@eqray take various physical forms,
such as a striplline or a mcrostrip. A stripline nmay conprise a trace

between two planar conduct®Hief Desprdptinacofbe Biiest ri p may conprise a trace
adj acent 46@162”6 pl & .alris%‘ﬁ%LiG&Hchiagﬁrpc%%tc%ﬂnbuth@ﬂ less of a problemfor a

striplin n a mcrostrip. wever, striplines are nore costly than 5
ni cr ost r i[pe07] Cons eGigehddpicts eronstafly isiheasmissiondigsst al k may be a co?]/m)n pr obl em

n Cl%”pi‘{{))(ﬁfsg)sy“ R 3 E%H%B@c{i%%%%?r Ié;{;%ﬁﬁd doDSliZh@drackGingas@s . Bri ef

Descri pt f t he awi ngs [ _ 1is a high-level diagramof a
conput er empetiarent of[tBFEnFHngention.depi cts crosstalk in transm ssion lines. 10

erbodi medfOU 1 he” Hecbaat C e g ¥ TRERbA ARk ARAGeOT AL N0 Lo an
Description of Embodiments
[0010] Embodiments of the present invention mitigate the effects of crosstalk by
15  equalizing the transmitted pulses in a data dependent fashion. This equalization involves a
mapping between data symbols and signals transmitted on a set of transmission lines. This

mapping may be performed in a number of ways, e.g., by a table look-up or a finite state

machine.

[0011] An embodiment employing a table look-up procedure is depicted in Fig. 3.
20 Tt is desired to transmit a set of n data symbols d,,i=1,2,...,n over n transmission lines

306. The set of n data symbols d,,i=12,...,n is presented to table 302 as an address. If

these data symbols are bits, which is the usual case, then the address space is 2". For each

address, table 302 provides n words to n drivers 304, one word to each driver. These 7

words may not all be distinct. A word provided to a driver comprises a set of parameters
25  that are mapped by the driver to a signal. In Fig. 3, these signals are denoted as

x,,i=12,...,n.Eachof n receivers 308 makes a decision based upon a received signal
on the transmission line to which it is connected so as to provide an estimate of a data

symbol. The estimated data symbols are denoted by 5’,. ,i=L2,..,n.
[0012] The combination of table 302 and drivers may be viewed as mapping a set

30 of data symbols d,,i=1,2,...,n to aset of transmit signals. This mapping is chosen such
that the receivers provide the correct estimates c;'i =d, forall i inthe ideal noiseless case.

2



[0009] Fig. 4 is an enmbodinent of a fractionally-spaced, nulti-Ievel

driver. Description of Enbodinments [0010] Enbodinents of the present

i nvent i onwa @iiggue the effects of crosstalk by 15 equal i zamgusokess21

;r apr;[)np_ttedbptjl ses in a data dependent fashion. This equalization involves
i e Wee a S

2 rebbl B pepae de &%ugoy{%?raﬁsn%&%n Jhgﬂ@éeﬁst{‘c% GREkARks R ifessel of ’s.

€.dg., bYtaEmE%’Qb @cdoﬁmlﬁnylaapacmme efnndmmdwtmcauﬁmgrmwm&e tl[amiﬂlonﬁlmeﬁmbodl ment

enploying a ta 00k- roce
desired ¥4 ase B?ﬁdfuﬁonstﬁ{)tyg‘? oﬁreﬁg{is@%g !scéled :n—il g2 > .,22 IC)E/elrsn

transni sgioesy | i nesro ppade ahhpample f@fchﬂosﬁi@taanmpmgolhcmtdm is firstinfroqueed. . n i s
presented to table 302 as i

dd
\tNth ot ggs@msm@agacewgéaavet R sEaigh ete Epdng B GeHERR A® tce
abl e LOVi r
|5, SORABIOHLID P LBLR 0B SRAETE 30 r ) P puast o ver  These

set of p@mﬁh@ﬁ 250l NthoaR © RS dortylofit "0, babthe Mocizersayria
these n signals a;pre ée%ead as X oraifod = amrle(r:]e::i/grs3

308 mmkedtegraingireierr wahda [ogih B i @%“éﬁr%‘ét%? %‘Iturae(?ﬁﬁfﬁlgewtgnsm ssion line
to whichgiddis 8&9&8%&1& Shre@dld MdRI8EA sl d@ﬁatrd:dmh@wﬁfa Fordadra  synbol .
The estinated data sy

| s are denoted by d;, i n. [0012] The
conbilfat canveniendealst @(3’0216@9’6@’511&71 @%Slﬁwcﬁémwmd“@smmﬁ‘bﬁi“ﬁg a set 30 of
data synmbol s _d;, | 2,..., nto a set of transmt signals. This mapping

:cs choserﬁDéﬁH:h—Dt(ifét’ 1he”? ‘eceivers provide the correct estimates df = d;
or all e[}g]nt he Ilge(%e}{ %Q%OEGLh@?ﬁlaﬁﬁﬁﬁsmn BneV\Be ¥ A8 8adtier RefdsIARB521  This

Imappl ng ds upon ransm ssion characteristics of the transm ssion
I N€S,  gjgnal as it is transmitted by a driver on transmission line /() as X,(f),i=12,...,n and

denote the Fourier transform of the signal as it is received by a receiver on transmission
15 line /(i) as Y,(f),i=12,...,n. Let X(f) denote an n dimensional column vector with

components [X (f)];, = X, ( f), i=1,...,n and let Y(f) denote an n dimensional column

vector with components [Y(/)], =Y, (f), i=L....n

[0015] Suppose the input-output relationship of the transmission lines is linear and

time-invariant so that it may be accurately modeled as Y (f) = H(/)X(f) » where H(f)
20 is a full rank » by » matrix. Then the mapping whereby the set of data symbols

d,,i=12,...,n is mapped into the dimensional column vector of transmit signals

having Fourier transform vector X (f) givenby X( £)=H()"'D(f) provides the
proper data-dependent equalization such that the receivers obtain the correct estimates of

the transmitted data symbols.

25  [0016] Whether or not the set of transmission lines has a linear, time-invariant
transfer function matrix H(f), the mapping from data symbols to transmitted signals may

be obtained by analysis or measurement. The above model merely serves to show a

method for providing the mapping. If the transfer function matrix H () is an accurate
model, it may be found experimentally by transmitting impulses and measuring the

30  frequency spectrum of the received signals. For example, the component [H(f)], ; of the

3



taking into account any capacitive and inductive coupling between the
transm ssion lines, and al so depends upon the type of receiver 308 chosen.
[0013] Toworawkse1an exanpl e for choosing a mappi ng, not athdIMUSes/28321 st

i ntroduced. 5 Suppose the receivers have been designed such that a

Bt s Ao bl e FOUMICt Bhnsrde AR REANR selffohod St dfGAGEGh | Nt 0 the

estimate 8‘18 exa SSl an Ssna
| ogi cal Yide /(@nehenen dmpuise 1atrh1csg1m:@il on"t@hsmiagich lired (e d@insauentlyya be an

i ntegrating receiver sg that a laqgical "1" decl dif th
he Tt erearin PP I OgRebeR o il B HRSSHOE A B FPEal * 0 | s

decl ar ed; ot denote th
i e ofal CoL e Vector h th Componente Lo OB (1 i =11,

[ 00 14]]3 LfﬂOlIK i ) ddnetaetidehthe spdse bf passibiesnsorittéd m@alsmeﬁmtee sq thet emeii er _
t r anst or ;ple ! %{Qr%&sfmljs%nqmegﬁaséhe llil eaxI {l%n %g)ah%n%q‘al?s)fer?%&h atr&an} éns m ssion

line 1(i ourter nsf orm of

the si gn%}dpf%ﬁ ff)p;r%hﬁlaﬁ&ctg'ﬁf @3"%{? i§ %gl%'ll}fgynﬂ%@lz&f R R e i ne 1(i) as

Y, . (f) € an n di mensional columm vector
with corpaneitySractorkafly )sﬂa,cedz(lﬁ(the(tifme)d,omam?drwers havmgarnﬂltllilevoltégé )evdenot e an n
di nrensi onal colum _ vector with n

[ 0015] C’Sﬁﬁ%se@bf’ﬁg‘ep’rﬁf@tﬁaﬁmnﬁw Sn%ch ﬁ)‘h? %%“8 1]1? gxe Pthém ss: on lines is

l'ineap anshisfi Me- iThéakivaHs F§g04'fcblﬂfyrlsleﬁaﬂﬁfvhhbyeofal@fﬁéiérﬁihbleOSBﬂPbﬁfk as Y(f) =
H(f) X(f) ere Hf) 20 is a full rank n lr;' en t mappi ng
wher eby phercdle gagst volfages asyAspurdstrem the Word'RrOV‘ﬁed Y{T&ﬁspg o the n

di mensi o r I t f
T 5 4 g g S L

dat a- depengenhd egualplexabnjopats bdl) tiwte thhimdexet eefersite theldifrentiehairc or r ect
estimates of the transmtted data synbol s

and the index j is a time index. For example, the dlfferentlal pair comprising pMOSFETs
15  402A and 402B has, respectively, the gate voltages b,(;) and its complex conjugate
b,(j) . In the embodiment of Fig. 4, there are m differential pairs, each differential pair i
with a current source to provide bias current ;. For example, the first differential pair
comprising pMOSFETs 402A and 402B has current source 404 to provide a bias current
I.
20  [0019] Without loss of generality, the current sources may be chosen such that
I, < I,,. Loads 406A and 406B represent the loading due to transmission lines. That is,

nodes 408A and 408B are connected to transmission lines for the case of differential
signaling. If single-ended signaling is employed, then only one node, say node 408B, is
connected to a transmission line. The range of index j determines the number of discrete
25  values a particular signal assumes over its period, and may be considered the number of
fractional time intervals in a period. For example, if j runs from I to £, then the signal
provided at node 408B, and perhaps node 408A if differential signaling is employed, takes
on k discrete values over its period. Letting T denote the period of the transmitted signal,

for the fractional period of time [(j —1)(T'/ k), j(T/ k)] where 1< j <k, the gate voltages
30 are b,(j),i=1,...,m,and also 5, (j),i =1,...,m if differential signaling is employed. The

4



25 [0016] Whether or not the set of transm ssion lines has a |linear,
time-invariant transfer function matrix H(f), the mapping fromdata
synbol s twawansaitted signals may be obtai ned by anal ysirCTorSoregsRur enment .
The above nodel nerely serves to show a nethod for providing the mapping.

If the transfer, functio trix H(f) is °C : | el bacdB®Y be found
experi me Pi‘toéff H’r9“6€§fH't’yrt3w§ 39{}%; iy el"}j?%g‘%ng g[sOfg%d Q?Fe%?ﬁ%%ﬁ a)lﬁ?ﬂ/g s SP?ceq uency
spect r umpPhoskiBR sleasleisyiibsit Gn eesiriveraf Fiax digpleerminhé by thepboienef tias(f )]; i of

the 3 WO 03/028241 PCT/ US02/28521 . transf f ion i x_i.ssthe Fourier
t r ansf or FHEFLS Fig TPRREEN ngéggées“ﬁlﬁ s, de q@ﬁgﬁ%ﬂgﬁ@%‘ 1n?err1‘éa ‘%firtﬁ‘g(%&%‘é?f an i mpul se
i s transg§ g YafBulhf ABRFLEGE @fte hblgest Those partinssaqurttelciosea to spect rum

anal yzer applied to each receiving_ end oI t he trans 's%' n |ines when an

i npui Se  abrroximaedhs dasiier ESIEAIREAL ©8 PERIPIS AEARSETS! nl)‘(ﬂ fa@%“f{ehe j"" colum
of H(f). 5 [001 n ctice, the space of possible transmtted signals is
finite, %@n{fﬂrg} yé(/ﬁgnDP‘? "the set of transmi ssion lines has the |inear,

ti me-invaggent transfisls hetifidations m@tbeimadbd e disdnded canbodipniwitheitti on t o

H(f)-* D(f) 1s actually synthesized. This synthesis eal i zed by
fracti onaileP%m@pf&E%H‘G(SF‘%’etO%g“t‘?‘f?ﬁ“%‘bar‘?ﬁfaﬂ?edaq%%? 3 ?{iﬁ\%%%fogg?rp% pl e vol t age
level s.  Bdiftesh, LibRAtFERkcha e riayfbeatiplopetinktyadsyfadesk-ummubltio | evel driver
is givenin Fig. 4. 10 [0018] The driver of Fig. 4 conprises a plurality of
di ffeerenmrwdeﬁﬁmmEfrpwidﬁéfo fHEYSES t he gate vol tages are derived fromthe
word provided by table 302 to determine the particular signal transmtted
by the driver. In Fig. 4, the gate voltages are denoted by b; (j) and its
conpl ex conjugate b, (j) , where the index i refers to the differential
pair and the index j is a tinme index. For exanple, the differential pair
conprising pMOSFETs 15 402A and 402B has, respectively, the gate voltages
b, (j) and its conpl ex conjugate



b, (j) . In the enbodinment of Fig. 4, there are in differential pairs, each
differential pair i wth a current source to provide bias current |; . For
exanpl e, wWoeosfo2g=t differential pair conprising pMOSFETs ptO2usoanss2402B has
current source 404 to provide a bias current 11. 20 [0019] Wthout |oss of
generality, the current sources may be chosen such that |; < li+1l. Loads
406A and XQ@‘@ t the loading due to transm ssion lines. That is,
nodes 408 ang%@gﬁg&ge connected to transmi ssion lines for the case of
differential signaling. If single-ended signaling is enployed, then only
one node, say node 408B, is connected to a transm ssion |line. The range of
i ndex j determnes the nunber .of disc e 2 al ues. a particul ar signal
assumes o@'er in%nsap RS d0 CARGUNEC 8?)%&? %’5‘?’81‘/} ('F}ewhﬂﬁt’)é:ll"of”’ﬂ?er acti onal
time intervals in a period. For exanple, if j runs from1l to k, then the

si gnal pF‘QR?fa&’é&O@P“ﬁ%Ie 408B, and perhaps node 408A if differenti al
signaling is enployed, takes on k discrete values over its period. Letting
T denofe the pset dfdrapsmispian tines{&nivthersd =sh-gsal Wher¢ srnsmission dige{@onal peri od
of time [(J - 1)(T1 k), j (T/ k)] where 1 < <k, the gate voltages 30
are b, (] propagatedpsignal, x()7for &ad,.aliso b; (j), i =1, ..., mif differential
signaling is enployed. The 4 WO 03/028241 PCT/ US02/ 28521 word provided by

table 302 for ddheoabdidBR! whdre FEQ;... 4, wheRin AEFRRS(HRs dddected the Space of
possi bl e signals synthesize by the driver of Fig. 4 is determ ned by the

choi ce of . hi : ' rential pairs, the nunber of
fracti onafrgisglt%sglpg&a&ﬁé?{’)‘# %? ﬁggg%{rﬂlgo ?{1 Xgir)ud%%%%ﬁﬁéﬂt'ré{lﬂ ar choice of the gate
vol t ages. These et er be chosen to.5 approxi mate the desired
transmit si gn£sfp${dglvé§éﬁglwg‘?%d T anénViere gL s lmst"ﬁml@&'iﬁ&%r transform
H(f)-" f) .

(1) IOD(tre)msmission line /(i) to transmit the signal x(j) foreach i =1,...,n; and

a mapper to map the set of data symbols d(i) to the signals x(i) for i=1,...,n,

wherein for each i=1,...,7n, x(i)is a function of d(i) and at least one d(;) for j#i.

2. The apparatus as set forth in claim 1, wherein the mapper comprises:
15 a table, wherein the table stores words addressed by the set of data symbols,

wherein for each i =1,...,n, the driver #(/) transmits the signal x(7) in response to a word

stored in the table.
3. The apparatus as set forth in claim 1, wherein the mapper comprises:
20 a finite state machine, wherein the finite state machine in response the set of data

symbols provides words to the set of drivers, wherein for each i =1,...,n driver

t(i)transmits the signal x(7) in response to a word.



[ 00201 Various nodifications my be made to the disclosed enbodi nents
w t hout departing fromthe scope of the invention as clainmed bel ow For
exanpl e, Wworosgesm1 enbodi nents, a finite state nachi ne maydieuseepsayed
instead of a | ook-up table to 10 provide the words provided to the drivers.
5 VIO 03/ 428241, PCT/ L)S02 - | ShefhhBEY of SanshissAR IRBARERRUS L0

It aTuePretig gt ST hyn AR refuE e of fanshise

communi cdte a where 1 =1, . n, the apparatus

conprising: 5 a.set of ;fransm.ssion |.ine It (=Y ST OENT , Where
transm sggaﬁﬁaqsfnﬁéloln(hinf Z&%?Oéﬁggz}fase%ap%élgé\{éﬁngéinﬁhlwg@eﬂl trag%:ms??r? l:menn © a set
of receivers r(i) where i =1,..., n, wherein receiver r(i) is connected to
transm sdlorvhernéiti) to receive the signal x(i) for eachi =1,..., n; a
set of drivers t(i) where i =1,...,n, where driver t(i) is connected to 10
transmission line 1(i) to transmt the signal x(i) for each i =1,..., n ;
and a mapper to map the set of data synbols d(i) to the signals x(i) for i
=1, ..5, 50, Chesmantfsas sedath in clim 1, whereim foregdh) i £4,. a7 teseipof{of d(i) and

at least one d (j) for j #i. 2. The apparatus as set forth in claima1l,
wher ei n the; BRPEL iSRS i@ Bised Bpon theaiingl x@hRidejenddhie of abji)éorsto.es wor ds
addr esse y the set of data synbols, wherein for each i =1,..., n, the

driver t(i) transmts the signal x(i) in response to a word stored in the
table. 3. The apparatus as set forth in claim1l1, wherein the napper

conprises; 20.a finite stat ching, wihsh HetndoBe bohfplitg: state machine in
response & he EE? WETEER S Sl AR, w efhndpfr dobd
a table, wherein the table stores words addressed by the set of data symbols,

10  wherein for each i =1,...,7 driver #(i)transmits the signal x() in response to a word

stored in the table.

7. The apparatus as set forth in claim 5, wherein the mapper comprises:

a finite state machine, wherein the finite state machine in response the set of data

15  symbols provides words to the set of drivers, wherein for each i =1,...,n driver

t(i) transmits the signal x(7) in response to a word.

8. The apparatus as set forth in claim 5, wherein the set of transmission lines is such

that transmission line /(7) for an i has capacitive coupling with another transmission line

20  [(j) where j #i.

9. A computer system comprising:

a set of transmission lines /(i) where i =1,...,7, where transmission line /(7)

propagates a signal x(i) for i=1,...,n;



synbol s provides words to the set of drivers, wherein for each i =1,..., n
driver t(i) transmts the signal x(i) in response to a word. 6 WD

03/ 028241we0B/oAR/ 28521 4. The apparatus as set forth irpcalesoends21 wher ei n
the set of transmission lines is such that transmssion line 1(i) for an i
has capaciti h another transmission line 1(j) where j #i. 5
5. The appara%ﬁlgpggkglg?”\fmc%ﬁth inclaiml, wherein for each i =1, ..., n,
receiver r(i) pr oy, f i nal x(|)

i ndependent |y of x(geﬁj&sdr@&seiff k‘}.ﬁa‘%z—q’mg’i J)I’ngg‘f‘%‘é@sgé’&e@g ?)drt‘tah in claimb5,
wherein the nmapper C?ITDI’I Ses: t.abl e v%ere tlhe tabl e stores words
addresseﬁawl%sﬁé‘l%tl ipfto FARSHI ‘?Tﬂ%ﬂ x(’ ' Sfer &i'nfor each i =1,..., n
driver t(i) transmts the signal X |) in response to a word stored in the
table. 7. The appaamanpsr tegnapesef Qjidath symbals d(z%tcst,hemeﬂwﬁ) f¥e mapper
conprises: a finite state machine, wherein the finite state nachine in
response jthe.. %,twlﬁfreildairaachb& BYhbolxg) pradinoctes ofd(itsnd @ ldabteons el )of dri vers,
wherein for each i =1,..., ndriver t(i) transmits the signal x(i) in
response 4.0 ;@l%rd 8. The apparatus as set forth in claim5, wherein the
set of transm’ssion lines is such that transnission line 1(i) for an i has

capaci tive CO%?' ! n‘g%}ﬁ»ﬁb? ];H-’SP(?IE Q&'}xec {cﬁgﬁ{%s%(%naﬁlel th}a(lﬁ%l(swr ej #1. 9.

A COI’TpUt er a S€ ransm S I nes where i

=1’ T n lmesmggrﬁ?sttd{eatg %chrrlanmSJhl(c)a elthle i og‘ Satg syn?b o 98)a Sre z-_sll gna logd?) for i =1,

second die, the second die comprising:

10 a set of receivers (i) where i =1,...,n, wherein receiver r(7) is connected

to transmission line /(i) to receive the signal x(i) foreach i=1,...,n

10.  The apparatus as set forth in claim 9, wherein the mapper comprises:
a table, wherein the table stores words addressed by the set of data symbols,

15  wherein for each i =1,...,n driver #({)transmits the signal x(7) in response to a word

stored in the table.

11.  The apparatus as set forth in claim 9, wherein the mapper comprises:
a finite state machine, wherein the finite state machine in response the set of data

20  symbols provides words to the set of drivers, wherein for each i =1,...,n driver

1(7) transmits the signal x(7) in response to a word.



7 WD 03/028241 PCT/ US02/ 28521 a first die conprising: a set of drivers

t(i) wherei =1,..., n, where driver t(i) is connected to transm ssion
line 1(i)woostesmsnmit the signal x(i) for each i =1,..., rPCT/ésoxagqer to
map a set of data synbols d(i) to the signals x(i) for 51 =1, n,

wherein fpr eﬁ?erhpbaratﬁs as set forth dl}unl $ vhet eHﬂﬁé 5@ 0f Rinshliskibn ARG i uch east one

d(j) for j ~1 secon ‘the first die connected to the second
die by the set of.t n ate the set
of data ﬂv%%ﬁs%lsal()n n%%@'r fF %119 IlaJ dagﬁﬁlvetc&ﬁhlfné (Vztrg gg{;]tger &nﬁf‘ﬁ@%{aﬂ igfeécon d die
conprisin 10 a set of receivers r(i) where i =1, ..., n, wherein receiver
r(i) is ¢ WAdEEed= 't o transni ssion |ine 1(i) to receive the signal x(i) for
each i =1, n. 10. The apparatus as set forth in claim9, wherein the
mapper conprises a table, wherein the table stores words addressed by the
set of data synbols, 15 wherein for each i =1, ..., n driver t(i)

transi t 43.t heTls appahtus @5 et fqnthrleslpmn%evfmﬁlrafov\mch ishor.gdracverié)t abl e, 11.
The apparatus as set forth in claim9, wherein the nmapper conprises:. a

finite stalReIREEIARAE ONATHa8ed Upen theRighsl Ki)ahéependdhilnef k()) foegponse the set
of data 20 synbols provides words to the set of drivers, wherein for each

i =1,..., ndriver t(i) transmts the signal x(i) in response to a word. 8
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14.  The apparatus as set forth in claim 13, wherein the mapper comprises:
a table, wherein the table stores words addressed by the set of data symbols,

10  wherein for each i =1,...,n driver ¢(i)transmits the signal x(7) in response to a word

stored in the table.

15.  The apparatus as set forth in claim 13, wherein the mapper comprises:
a finite state machine, wherein the finite state machine in response the set of data

15  symbols provides words to the set of drivers, wherein foreach i =1,...,n driver

1({) transmits the signal x(i) in response to a word.

16.  The apparatus as set forth in claim 13, wherein the set of transmission lines is such

that transmission line /() for an i has capacitive coupling with another transmission line

20 I(j) where j#i.

17. A method to provide crosstalk equalization, the method comprising:



12. The apparatus as set forth in claim9, wherein the set of transm ssion
lines is such that transm ssion line 1(i) for an i has capacitive coupling
wi t h anot Wwerostoegmsm ssion line 1(j) where j # i. 5 13. TheETapparsus as

set forth in claim9, wherein for each i =1,..., n, receiver r(i) provides

an estimate_ of a;gaglibgaa&@8@9&541@%0}3%95%9@@.'.,5(&)!a)se{&%ﬁ%@@&mb-sél,o.f.,nX,(i) for |

~i . 14. Thé ratus as’set forth in aim 13, erern the ‘mapper

conprises: a table, wherein the tabl.e stores ds addressed by the set of
data synBgpein fow%‘éﬁei i 6&’) ‘ééé‘f‘f‘cpon:‘ifl, C?(rl) ?rf‘ilmag Felaéé)lne td{(f)) {%F distits the

signal x(i) in response to a word stored in the table. 15. The apparatus
as set fendh in claim13, wherein the nmapper conprises: a finite state
machi ne, wherein the finite state machine in response the set of data 15
synmbol s pr ovi desmitingltheset of hignaeon ofet o trapsmissionhiessd(ih, foh-.eeWhgre=1 ... n
driver t(i) transmts the signal x(i) in response to a word. 16. The

appar at ugoragcts et 1.f.oft, bc(zi) Ns Ghmnited 3n tradrafigion linbeé(ipet of transm ssion |ines
is such that transmission |line 1(i) for an i has capacitive coupling with
anot her transmssion line 20 1(j) where jai. 17. A nethod to provide
crosstal k equalization, the nmethod conprising: 9 WO 03/028241

PCT/USOZH§852%?G?Bﬁgiﬁgﬁ?ﬁﬁﬁqngﬁmgﬁiﬁ“@%?%%bﬁﬁﬁ%(Lﬁ,’ i =1, ..., nto a set

of signal's x(i , erein eac ..., n, x(i) is a
function of d(i). and at. | fodeo: b #perer 1 = AN, tEANSKESL T NG the
set of signal§m§ﬁm§ ‘E?t%§%§%§%2§f§§ﬁg%mpgéég)ﬁ?%?f i€217i..,n, wher e

each i =1,...,n, receiver r(i) estimates the data symbol d(7) based upon the signal x(7)

10  independently of the signals x(j) for j=1.

19. A set of drivers #(i), where i =1,...,n, to communicate a set of data symbols d(7),
where i =1,...,n, where driver £(§) is to transmit a signal x(#) foreach i=1,...,n, the set

of drivers comprising:

15 a mapper to map the set of data symbols d(7) to the signals x(?) for i =1,...,n,

wherein for each i =1,...,n, x(i)is a function of d(i) and at least one d(;) for j#1i.

20.  The set of drivers as set forth in claim 19, wherein the mapper comprises:
a table, wherein the table stores words addressed by the set of data symbols,

20  wherein for each i =1,...,n driver #(i)transmits the signal x(7) in response to a word

stored in the table.

21.  The set of drivers as set forth in claim 20, wherein the mapper comprises:

10



5 for each i =1, ..., n, x(i) is transmtted on transmssion line I(i). 18.
The nmethod as set forth in claim17, further conprising: receiving the set
of mgnalw&woasaet of receivers r(i) where i =1, ..., n, pdEreensor each
i =1, n, receiver r(i) estimtes the data synbol d(i) based upon the

S| gnal X( h) 191 ft@ggtg %?ﬁgé lv)ﬁel%fin ﬁm@ﬁm@e‘ SRehSchidd ih refs?énsie t sbrof it A set oOf

driverst(i) comuni cate a se data symbols d (i)

’ simbglé projides \fvﬂrélwg et§1e s€ ]pf é@\!erst \(vhgrelhsfortegc}{ f aps mgt afvedl gnal x(i) for

each | ers conprising:’ 'Y5’a nmapper to nmap the
set of data synbols d(i) to the S|gt;nals X ( |) for i =1, n, wherein for
each i =1()transmitpthesiangl ¥@ i rpPAREIOHVBI- d(i) and at | east one d (j) for j
#i. 20. The set of drivers as set forth in claim19, wherein the mapper
conprises: a table, wherein the table stores words addressed by the set of
data synbols, 20 wherein for each i =1, ..., ndriver t(i) transmts the

signal5 x(i) in response to a word stored in the table. 21. The set of
drivers as set forth in claim 20, wherein the mapper conprises: 10 WO

03/ 028241 PCT/ US02/ 28521 a finite state machine, wherein the finite state
machi ne in response the set of data synbols provides words to the set of
drivers, wherein for each i =1, ..., n, driver t(i) transmts the signa
X(1) in response to a word. 5 11
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