; €3e22dXT&6\ TsML2 JUN 2004 REFERENCE VOLTAGE DI STRI BUTI ON FOR MULTILOAD |/ 0O
SYSTEMS Field of the Invention 5 The present invention peﬁqpkmﬁggﬂmghe
field of receivers. Mire particularly, the present invention pertains to
reference voltage distribution for multiload input/output (i/o) systens. 10
Background of the Invention Determ nation of the state or logic |evel of a
signal (high or low) in digital signaling requires the signal to be
conpared to a reference state. For exanple, the signal can be a voltage

| evel, and it can be conpared to a reference voltage to determne 15 if the
signal is high or low Providing a reference voltage |ine which has a
reference voltage that tracks noise in a manner simlar to the data |ines
is hel pful for achieving high data rates on today's high performance buses.
"~ Tracking all ows common node noi se refection at the receiver thereby
improving the noise margin. If the reference voltage and the data vol tages
do not track the noise in a simlar manner the anount of 20 tine needed for
the data signal to clearly cross the reference voltage changes. The anount
of time needed for the data signal to clearly cross the reference voltage
can vary 2 Z J~~f ~Q-~ fromone bit to another. However, the worst case
time needed for the data signal to clearly cross the reference voltage is
used to ensure reliable operation. Wien the worst case tinme needed for the
data signal to cross the reference voltage increases, the frequency of the
data signal haBEREREN(CIaYOLTRGENRISTRIBUTIONFOREVAILBIL@AB i/Qel y | ow 5
data rate. Consequently, it is beneﬁkgbﬁéw or the noise in the reference
~voltage and data l'ines to track eac ¥ Tracking noise in both the
reference voltage and data lines is conmmonly referred to as pseudo
differential voltage reference (Vref) distribution. Pseudo differential
vol t age r effediéntthediwdntioput i on has been i npl emented for point-to-point
conpleggptary nmet al - oxi de sem conductor (CMOS) systens. In pointl1l0 to-point
conpl ement ary net al - oxi de sem conductor (CMOS) systens a first chip and a
second chi p bot : r -and,di Lhu t he
reference volt aggg p%%‘g"%’ﬁ@ﬁ p%%ﬁ@??gﬁegug%gg&?%lrﬁgt rhg‘{rgi’%g%

poi nt - t 0- pohenpreseat invertiothpartainzas referande volidgealianbiutidn ¥ futklbad ri buti on

i npl emented in sinuL}Sneous bi di rectional signaling technology (SBD). CMOS
net wor k | OGPRYYEIRYEE/0d AYSHemS.-10 and 1 S chip [20. Chip 110 and chip 120 are
coupled by data line | 15 and reference lines |30 and 140. Chip 110
generates a high reference voltage (Vhigh) and a | ow reference vol tage

(VI ow) Mhi @ackgreustt ofitha Tnwdnéion ef er ence |ines 130 and 140, respectively.
Chip 120 al so generates a Vhigh and Vl ow which are driven unto reference
lines 130 and 140. Since both chips I 10 and 120 conti nuously and

si mul t aneousl y - 20 . distribute r.ef erence vol.t.ages t he

ref erence vol ta%ge?{él%ea%gcgn%grt% ﬁté}e\‘/\)éhg"éfeef“?]trl ¢ Ségnazl(ﬁgﬁpﬁg’&) ‘@%?%ta 10

i ncl udes diignelingeduiréstBY kighhlng bk chniparddith birBlefon@s sthied. For ekshyRIthd 14 and
hi gh voltage reference driver (high vref driver) 142, and | ow vol tage
reference diingksanbeawoltags thvicl end itican be Ohinpared @o & meferedesvaltage ev Hd@Miné nput
line 1 tiplexer. 123, 2S5 >ecgiver 124 and hi gh val.tage reference

i 1 ver Thi Ghnp SRR bighoriok: PR hro/Bienes il e NOH S AP LECGR vr ef
driver) 14 | hT j t j I | J 111
ont o 11 ne. | e e gneet KPR st D the SREFNLFE raPENTHACH AR 2711
r ef er ence \hoght degreratpe mwertad oy s il dedodndnbe bases. afmpéking glldd @himmoa médew ont o

lines 130 and 140 and refereénce vo]tage generators 146 and 148 are al so
appl yi ng VRPCEAR THREOBR Yerea ke dherehe spmyingthe nase masgigd o the sefesencadr i vi ng

t he data si ! i . ~ ~ = i . ! noi se
to line | 1\% R ey&gtéﬁeeérl%'? ?ﬁ%gé\?ﬁfi% ﬁno%r Ck\]ﬁﬁgvr\llc'?as'f3 qﬁ(l%;éﬁﬁ%;*{l n%ghf%&lgr? &%ﬁg‘loo and

appl yi nzp. Vhingdneadet it eve data bibited $o tRAriarebsd Ak ref@emR viola@asHanS&y. [TheS al so
coupled to the reference vaoltage lines 130 and 140. Since the out put

i npedance @MoYpt Qfdime needled for thadatpsignable clensly orptsdtha cefershcenvaliage samvipy and
122 and the lengths of 5 lines 130 and 140 match the length of line 115

noi se couples to lines 130, 140, and | 15 substantially equally hel ping

noi se tracking and rejection at receivers 1 14 and 124. '




Recei ver 124 receives the signal on line 1 1 5 and the output of
mul tiplexes 123. Miultiplexes 123 either outputs Vhigh-orégko depa
whet her t he outbound signal driven is high or |ow Recei f1%u

signal received on line 115 with 10 the output nultiplexes 123 and outputs
a signal indicative of the logic |level or state of the signal on |ine 115.
Si nce noi siomrpreibietolahbthenbHbantdrathk wokst asdextih & feddell S8t the dhizRamal g0 and

140, the c n_nod nofi se can be . rejected at the receiver, inproving

per f or rranc‘ggg%é%ré’%&ﬂ i eﬁ?f?c"ob&Fa&? a5User] to enpfmistiakle operation.o Whepghe siorgt24 and
need not ' ' il.here. Wile onl.y one talineis
shown in ﬁﬁsggﬂgl?t%ggd iidé ‘lg%%gi} "gfg?ﬁ%‘%rg’l"%? {pﬂ’l%égfg%etnge Bﬁ?eé%‘ﬁﬁgeﬁ ®rmon Vr ef
pai r. Therfzequeacybfithe datssigrat haxb dgiesseDeaineIhé DD pehik hesRahREY Ioveach of

whi ch h se‘%ts advgnt ages and which would benefit from pseudo differenti al
vol t age’ r 434 EiE e Lapssabemly: itanbeneligiahfos shextoise indheeférercamndtape s diagi es

(Gonni ng tisep SEES CRBR e g Pise s B b ucliige BB dradfier iy noi se
| n both t hemebelyaaiercd o kogeudndmandal yage ASALdVicA ddiidd 10 the
reference voltage |ines) ma¥ have a beneficial effect on performnce and
noi se margin, i¥tsqudodifésrentisl woltagegeferenthdistribnébn has bdenpsmpilshoerded foer ent i al
bution tq uni.-directional, oad CMOS, or

't istr pom
Gunning e Ro SHACHSES Ry tiadrer Hosnmmiepsoi pas

| nvent i®n tAqsditioRthléReriy AR B enfiborddEiok Et;‘x?@esggs}slxgmﬁ A éliiﬁ IQ?R‘& is 1o

be coupled to a reference voltage line is des € Circul hcfudes a
noi se courderenry ¢ip bath genprate the refereoceynlages) arl distoibicBe eifienid to a
reference v?'!ta@f line b sg}d tEJ)g,on whelther a driver 30 is driving a data
line. 3 “orasyRlamgng eepofifer pkigure Liflusirass a (MOS peintigspomengswerent

i nvent i on wgich hhi'sdei:ab f4; likmtation,.in the
figures of the ac?:onpaﬁgfé%nﬁgfggm&r?ﬁ%w&ﬁfngﬁ&g#%ulrn esu?uf qeﬁgf'}"ét es a CMOS
poi nt - t 0- phifestionrd tsigmakingiecieiolbrys(SBIBU M OISk fetw et 108l indMuaés st 10 hyd i on;
Figure 2 ill uﬁ"{g a{:lgs_ 3 multi-load CMOS network for one enbodinent in

accor dahc &M 140-t HBIPRy1828A chipZ0:2r¢ envplad by data ing | 1 Uand reference Tmes 130 oad

parall el t i atq_lqlp Of t.: i . b0 accordance with the
present i rﬁgm@bn; F?S(?J eezkln%sl B {P?‘g eggégoﬁgaﬁg?‘p%"éhgmbcg? ngY Eqr}e'teB?ffﬁ nat ed
net wor k f omltage &Vioenvetith/are dnbarlinmte péfeiencaRf@r 14anmE 140! RspRavER e EN

invention; and Figure 5 illustrates a nulti-|oad paral lel term nate%i ,
network fdr SihstefE Yhish andnview mhichcare duercentairefirenke fipesek3nand

i nvention. Fi i es nul i -1.0ad -parallel term nated
net wor k for ban%"g %ﬁgﬁpézi%ﬁ%ﬁﬁﬁﬁw%sk rSHBH]g@e\RPTlH gFFl‘ETaiﬁ"é'gent
i nvent2®n;digributeitig¢feferéndel ottt ids ahSfef el Joiltgi.’,&aﬂe BafeRdllyelvefi ﬁéﬂﬁ&fﬁteaql

network for yet another enbodinment in accordance Wth t'he presen
i nventi on.U™E- Det ai | ed Description A method and apparatus for gener ating

reference volt a@l’ﬁ% 161‘8%‘:?1? e%‘%g'iivglg] lil r}‘)ﬁ{ line 111, multiplexer 113, receiver 114 and
high voltage reference driver (high vref driver) 142, and low voit_age’ reference driver
(low vref driver) 144. Chip 120 includes driver 122, input line 121, mulfiplexer._123,

25 receiver 124 and high voltage reference driver (high vref driver) 146, and low voltage
reference driver (low vref driver) 146. Driver 112 drives a data signal received on input
line 111 onto line 115. While driver 112 is driving the data signal onto line 115,
reference voltage generators 142 and 144 are applying Vhigh and Viow onto liﬁes' 130
~and 140 and reference voltage generators 146 and 148 are also applying Vhigh and

30 Vlow onto lines 130 and 140. In addition to dﬁving the data signal onto line 115,

2




| evel s is described. In the follow ng description, for purposes of

expl anation, nunerous specific details are set forth in order to provide a:
t hor ough under st andi ng of the present invention. It wll ?ehgﬁw %@%
however, to one skilled in the art that the present 25 |% e (o) y be
practiced in any type of bus, especially digital buses, w thout these
specific detail | n ot her i.nstanc | I known erati.qns, fungtions and
devi ces ard R 12 ABRAOYHCReIE o DGE 1181 BY SEacatiam g hishenir st 9t #Beat od
usage of tﬂ%'é?lfar@%%%d"abﬂyﬁige\fﬁgib%mtd'lir'iésrl3@!ln@rm&qid?§’cﬂh’éécﬂ &lp is L
alternative enbodinent,” "or "an alternate enbodi nent"” does not necessarily
refer to tdie sapkdaniiooicharerice valtddedumh 180 amd 14B0Sidce the outputtmpedahicEbfjure 2

illustrates.a nulti-]load C net wor k for. one enbodi nent in accordance wth
the preserf™yeRy ffft&‘nlﬂm%ct'\ﬁ%ﬁhwqdwm?&égvmﬂé% agd 127 gpd th P‘é@‘;‘%‘? d

circuitec? R 7 f i i fver, a
refer enscesls/’no t%gggngrl?(\)/éqra,pchatﬁg&gg@eofﬁgﬁlggggmﬁ%gg%ﬁa ﬁatr?fl{ad&gg?g’dﬁgz F%gdjli It/f§3250
i ncl udes daibstatiiliyesqualdphelbingeoBe vackiddand reéaioant ecedkeisaldd gdiedr 220, and

reference keeper 221. Integrated circuif 260 includes data driver 210,

recei ver 240, rReivendéd (RsFtvayedigngbon linokls anddhe epipubelmultivlerer 1296

| nt egrat ed, «ci.F GL ' ' L5, recelyver, 245, reference
vol t age d%,etlrpq%g ,] 3%%‘3* e?(eép @ggﬁ%@g&gégﬁe@/aéﬁ%d%&to& v(‘jdr%%%%rthiagfbgﬁ%‘j ref erence
- vol tage driiyei daén Biegtslone Reeigert dnipaas the fighal re@ivkddat Bnddr 15401tk 21 0 and
reference voltage 10 driver 225 are grouped together as a pair. Al so, data
dri ver 1@15ha eutpuemaitiheser § 33 andyntpnts ¢ signaBodigpevepidhp batie liyet drestatasf a pair .

Wien the data. drd ver of,.a pair_ dri.ves a.in 0l the,referengce val.tage
i iver or Bk Sieht Ftinel1] ffenoftelif fill 155 Suistabfiarty rpdiB3n6 g N s G0, 2
data driveind2Qfp, alGotrid ©BEEndQ daddR reitid@ bt A Pecdivey ampr&@fig 201 and 202)
respectively, at the sane tinme. 15 While the data driver of a chip/pair is
drivi ng t heerftamangs. fieceivhe! thopsraes in@rmarninieoyisiiolsrctiver Bifpindl nesdmht dat a
line. The noise.wJ.l affect . the lqgic a voltage l.evels on the.data |ine.
S ar 'y, 05 feoibdin et OFhie PR ahR e Sty Bnirer Bt 0%he
coupl e‘iIStOgénIE?all erﬁ:ﬂfiﬁl&QﬁtaYBl{stsﬂ% a'éoﬂﬁnonCVFb?%QH?nt ly, the noise on reference

voltage |ine 202 substantially tracks the noise on data |line 20l. The
tracki ng of theTk@e awiaherdms tdcheagog©d bemdes IMORSIRI texhinnlogy neachef mar gi ns

bet ween the, data |ine and the referen vol.tage |line, .allow better
timng andwh’&ﬁtshés Hﬁ? JARAEE} arE’o‘ﬁlEG‘éWBEﬁFé’ﬁ{]'sgg’ﬁ péﬁ‘&‘g’rﬁglﬁﬁ%mﬁf ‘?‘Htaﬂﬁe present
i nvention. rekfe A didtiORidnO Exafiplds 38 alGhstve¥hsthGindRiofs ihdGde:Iuhj/ S desirabl e
for the reference voltage line to nmaintain a predeterm ned rei‘erence

vol t age | ediedctioralr maheioadiiddOSportm@lhi-load apmodrdamnGaninzhtrdansstgiegent

i nvention, reference keepers 221a 226, and.23'1 drive reference line 202 so
as to KA nfélmﬁé‘gﬁi“lé‘lfe‘tyé@fﬁsn&f‘cﬁé'faﬁ 1B ag1sg 3 bathdhe eierencayalge Apdddacper s
221, 226, S B o V=T I b 0 I 20- 230
~are drivi nléé%sg@é?ﬁéﬁ@%z{n?%xf%@éh%{e?%er? \{oﬁlﬂg‘%hél{%%gn %ﬁgﬁfg%l\)/%re h %L%Eﬁe

~driver to ewpédi@madcd mehnoifehangmoitds désimableao@ivitithy Bendfds afgdeiés driver is
also referred to as master 30 changeover. For one enbodi ment in accordance
with the pifseantial ypliage referengerdistribation touni-dirggipnebmelrleed €MPROri s a high

i npedance bﬁﬁ‘lﬁ%tgémi&gﬂ%%ﬁf@ﬁbgg‘?‘%%é?OYeSF‘%i‘Sm ain reference vol tages during

changeover . For®sone™ e erence voltage lines) can be left
floating for a few bus cycles because there is only a small | eakage current
during changeover. By maintaining the reference voltages even during
changeover Summary eicthefrivention pseudo differential voltage reference

distribution can be realized,in enpodi,nments.wth. nulti-1oad networks. Wile
t he above descr ‘E?‘Sng? aﬂ%‘t‘%ﬁ%wegg@ﬂ%ﬁlnveﬂﬂ@? ﬁ&@d‘"&ﬁ‘@t HangeFPH@g@FPda one
reference ygllagaditafi€lind s HRAHLEd. PFHABRERCIHAILAE 4 hatke L 1&%%%.;@%?@ rit
of the present invention enconpass alternative enbodi nents having different
data |ine toocouplfearosedernd themicuagea réfaencatvilage life basedamoheyhetlidr ardniats ve
enbodi n§nts ({}ay hage }vvo or nore data |lines for each reference voltage
line. Afdi t5BHAg datafiper nati ve enbodi ments may have conventional discrete
el enment circuits instead of integrated circuits coupled to the data |ines)
and the reference voltage line(s). For glternative enbodiments, only one of
the integrated circuits or discrete 15 elenment circuits nay have a
reference keeper to naintain the reference voltage on the reference voltage
line. Yet other alternative enbodi nents may have at |east one external
reference keeper which is separate fromthe integrated circuits or discrete
el enent circuits. The external reference keeper is coupled to the reference
voltage |ine and continuously drives the reference voltage |line. Yet other.
al ternative enbodi nents 20 may have no external reference keeper. Rather, a

P S e oy .




HUH v absorbing a signal that travels down the data line to prevent
reflections: A parallel termnated network is preferable to a series

term nat ed network because the intended | ogic |level of a data signal is
comuni.cated to all receivers along the data |ine during gﬂe\miﬁgrgﬂg%pass of
the signal _down the line. In a series term nated network, on the other 5
hand, the BgghD §12 huletiapingse| to the end of the line and refl ect back
before a receiver along the line definitively recogni zes the signal as

bei ng above the reference voltage. Unfortunately, the driver resistors can
produce probl enthabichert HRHAE i i d i and the
reference voltage |ine(s), clr)%g??lggu%%g*gr%gO\Ifmg%{%{q@ﬁé%ﬁ.gt}%il%ﬁgagf)&égﬁﬁ? he
dat a | i neshigyes efée pegampanymgrbwingssn whaht of the problemis due to 10 the

fact that thesegnetworks typical operate with a large pull down driver
and a-wgak pul IFl?b"%?i'ﬁ‘ésﬁr,a}%ﬁlwstPFS“’GVCE"BUTWP? Whishéas peeudei vers are
subst anti aﬂirﬁreﬂghﬂ[fef-ﬁﬁ%q[ﬁﬁﬁfje, for one enmbodi nent in accordance with the -
present invention, a parallel’ ternminated bus driver's pull-up inpedance
(Rup) shoul d beFgubs? alltstrates y nesftisload CMOS ndividiR FoSoUthb iR end ifredance
(Rdn). 15 Fciicgrtérge 3 jllustrates a parallel term nated network for an :
enmbodi ment FCHFA4REY Ht?d’fﬁﬁe?hmfvﬁ@tl‘m;esent i nventi on. Network 300 can be

i mpl ement ed Witk GIl3t . er,, .qt her bys technol ogi es suitable
for parallel ter %ﬁﬁ%?télg'&ﬁg&mg%%mggj%@é faflel Emb‘g@t&a“ﬁ@(%g?‘kr% i ncl udes
three $@pasmalicalimaitagnedordance Wath the pedhat iB6&htioand 370, each of which has a
data.driver, a receiver, and a reference voltage driver. 20 Integrated
circuit 350 i nclfigies4 glusiaigs pyrltidosd paraldelitermrin@88 newdk faf #vaeaartvel t age
driver 32Q: Ercuit.,.360 includes data driver 310, receiver 340; -
and r ef erger%dedasrgﬁtg{éggc ?Jlia\flégwé%geijﬁelsﬁnjdﬁwé’&m@ﬁ'&ﬂit 370 includes data
driver 315, redéguess AlBiraRod mifiabRIERaNQldA0Rdd hgﬂo&?’&ye%‘io‘ih&” ver 305
and reference voltage driver 320 are grouped together as a-palir, and data
driver 31Cmhvdimettdn agroedanse vatdiehe present iB@Gitiane 25 gr ouped toget her as a
pair. so, dat [ 1 S and.refere vol.tage driver 330 are grouped

t oget hg as a plﬁfgg'.'e%g[ pigs %quﬂg@eﬁ’%@mmlﬂ%ﬁ‘é@wkﬁUla.ﬂ altefratiepice

vol tage | ientbodfiRent i@ heordimee Withaht BFRidi3hidMRon 0308, and data line
term nation resistors 303 304. V\heﬁ étg?ﬁe d‘éétﬁgog‘r%l\fgr of a pair drives data

line 301 the r dfigukentdluswatengerudtilver pandlldl henfindted abs@rid fdruesaidthar ence
vol t age Iierl1neb 302 r%/i.th a c[eferetﬂg‘(_al vol tage. The reference 30 vol tage driver
of the paiT AU HEhAFOL ance Wit ng Bresil phYeAHoRi rcuit by coupl i ng noise in
~2J~l~~~~~ _the integrated circuit to the reference voltage line. Wile
- the above description of network 300 only included one data |ine and one
r ef er e?ft e Ratdileddeestiipieon it shoul d be appreciated that the scope and spirit
of the present jnventi og enconpass alternative enbodi ments having different
data |line and F‘éﬁ\?ﬂ@é‘ BPRY RS dor 2engrimgireferente volagasahd detwttirar sigial ve

enbodi rrent]a!equg-d%yige({l_v\ﬂ] t%{&P‘I‘%“%@tggrgﬁéﬁngoﬁg}fﬂ%g%oéEf rence vol tage

| i ne. Additional al'ternative e o REMeRUSCr et e
el ement cispenifi¢ dethifesdre s¢t fofth imbRIGF &) evide aGHbioteh AMBLSHnLR ! i nes)
and the reference vaoltage |ine(s). ta driver §05 and Pg?lérolg%cejﬁ rl%/er 320

are pai r ed™teBHeRhk Wikl b eidepe howaeer, ROmelskiliatdn3b@ art les plecprieseat y, at t he
sanme tjqre; : i t 0. one, enbodi nent, of t he esent invention, when a pair
of a diat a“tljvr%ﬁﬁ/(g# glgggegr%c Fed DAy tyBf ¢ Ry aﬁﬂe(ig‘ilyéir‘%'t"derWSnU‘th?ﬁéheSBOl and
302, the spatifid\ddigisDadh lohed fnsBdlceSvel RnbWE opkAG LRl Lied by a data
driver onto line 301 travels the |ength ‘ofolpl @nénﬁﬁlﬁét&%\%@ﬁg?‘"?ﬁﬁrgt ances
303 and 302t diownte orded$o avoid bbsalming the meestion eR éfratdUsAES6f @k pBRSQ 4 ng a
signal that travels down the 1 S datag line to prevent reflections. :
Sinilarl y,%B‘r’ s?‘%‘f’g’ﬁ%s B onhodinetie PRRISHM VD embodunet,” ainS an ditempate. noi se
bounce i nefB8dinfthi afies hef SIERGR S, lLine 302 but they . also allowthe
vol t age reference line to be rrat%#?g%q%gpetnﬁéde é?-‘i"ﬂz‘irﬁag abﬁ%u dt PR¥se

term 8 ion resistances, network 300 is preferable to a series terninated
net wor k because the intended logic |evel of a data signal is comunicated
to all receivers along the data line 20 during the first pass of the signal
down the line, In a series termnated ffetwork) on the other hand, the data
signal has to travel to the end of the line and refl ect back before a
receiver along the line definitively recognized the signal as being above
the reference voltage. Receivers 333-345 conpare the signal on |ines 302
and 301 and generate a 25 signal indicative of the logic |level of the
signal on line 301. The ability of receivers to properly decode the signal
depends on network 300 providing a predeterm ned reference voltage (Vref)
on line 302 as well as a common node noi se tracking between the reference
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~ For one enbodi nent in accordance with the present invention, the reference
voltage line is substantially simlar to the data |line so that noise

coupl es substantially equally and in a simlar nanner tQ%kZOdHNI 2%5._ When
the lines are substantially sinmlar, the noise that couples to the
reference line is substantially in phase wth and has substantially equal
magni tude to the_noise_on the daia en tH&?noi se on.two lines is

| i .ne.
substantial |y edlgrenillypisates 2 myltrosd;  netwRHCIPE PR FRBRAHMSEHGi n bet ween
the data signal, apd, Gibh! NEBGoRAMONRCITBLThRL BathiATR iReaRl! Y
whi ch may Iag%gh?%ggvé%h[}gﬁbgﬁggﬁgﬁ&rélco'very %n irrp(r:ovesz}hper or rranc%iﬁ such as
hi gher dat airtwit 250, @601 frel 278 eadhi ofeehichl Baszodath deiverch esceiver avefleteage and dat a
lines to be substantially simlar, in_one enbodi nment the |ines have

subst ant i alVPYageifi\ral A EieRgIcR&eensd Intpeaiedcarsuit Y nslides Aaa diiner 205,

term natd on_resi r f i i L nt

- val ues. SIAI §%Ce?\%é§§g’tr§fegér}llcgg§ga nd(:fh{%ﬁ%ﬁ?’e%? grrg%\éﬁcggf’%tggejd%taé;a?&ﬁ%{%‘ite
subst ant i alby i&sudes datitirivienP B0l aBadcer 200N 6quaRiNotagd iéveral Brandlrefetentgt h,

and cross-sections, anong 15 other characteristics of |ines 301 and 302 are
subst ant i alkiegpesi2af| hntegrated srceitB Rl ineldes duadiriven? k5, sersivands 3odfereace

substantially the.sa resistance, Rt .as—resisto 307 and 3 he
i npedance a'f)Y_ X0 Voefg?%’fa ?er %éen\(/:%f(?e ﬁézaiiygﬁsdr?fﬁ-ﬁ%ﬂlq rseﬁes“laj cggfgﬁ?%al Iy

equal to theiverparanefoupkd eethephs 8h, Aid a4 8rivid 318 hhd rdfeeneiiage, data
drivers 305-315 have a pul |l -up inpedance equal to RU{)' (not shown) when a
ri si ng ¥l grlaiver 225k grpuped thgethen 2papair] iAdso, date diiver Al payld rethsgnse iv ance

equal to Rdn: t shown en a fallin d ignal is.bei.ng.dri,yen onto
e 07, iset A 578 Beaipk ittt o° Amaady GrGe Bl i AP ERaHRR, F one
do not have; Rl YRd RPdremidhoitdBe &ekrRitkie SaMRsh BRESGRfRMce TYRigedine BB

I h | I -down i npedance because the driver only

i npl enrentation may only have a pu
perfornms pHdr esionaplepdatadiedr05iand refelene woltagtrdriver 22@dbvecdigs 205 andh20he
enbodi ment, have substantially equal pull-up inpedances, Rup', and

pul | - down i"RIRSEA lé?f‘mﬁd;ﬁm.et_ fus, the parallel conbination of Rup" and Rdn"
of eachypl drivegpiSaf dilurid? P AShBARACEERing HE A dinCrng uhalaE 8l | Y

equal to Rup' or R n" of drivers 305-3I'5. For "exanple Rup” 321 in parallel
with Rdn" 3Méwsmoisedo baupdeitasthadbiadiney TigumisetvoillFdfect the Idzdnand vdiage

rel ati onshi p between Rup” and. Rdn" and Rup' and Rdn' is, 30 described by the
fol | owi ng ég‘fﬁ‘-‘e%ﬂﬁr‘i’?‘ta e zslgulaﬂzathﬂfﬁﬁ@ng? va&&eme th paigafio permits
Furt hernore, . j ' €, - ref L 288 se &E

resist ance?jo(l)%qub_g3 g%@lgﬁ@\%ET@%éé@dﬁt%ﬁl%hﬁnﬁéﬁﬁg g’rten_cesier mfer{g?cfon )
resistors I ldgsling Petisubytahtisllf ohdkowhagoiexpn datailine 20V The tradltitd offtla "/ (Rdn
+ (Rup II.Rtt_I~Rtt)).,7 where \tt is the voltage aEpI ied. to E?_ge_ ref erence
1ine teP%i rmeiseom ines 201 apd 203\helps manipia the MAESing hetween thedatrdingtadd theaf er ence -
vol tage driver s T W 1 SAE8 Het B8 1, L ef ' fimen
respect i velrﬁseréngggﬁlé‘l%etlﬁd& Ao gé’tegagth'ﬁ%e S é’rr'l%e’gé‘guny& E‘J‘Bg??'%gﬁd TERR start
driving dfatiaal:mga&@hiafmebﬁseﬁﬁﬁmﬂohne 302, respecti yel y, reference 10
voltage line 302 will float through unknown states as its voltage travels
up towards Vtt almcddition tetredking apiseaike dafadingsit islesiredfle fartherof@eicage

driver forner rivin he bus, rel eases.the bus so that. the next,reference
Col tage ar ruitebefine 1 Potalf a PrelTRiRE Rag Hes S EReE b Foh P PRI RN e
bus as st gn@lact@didce vauEhE pFABNGRAAE RN AFEleAse k@pbRONT BR amEiilofdve It 1S

hel pful to avoiding Vref drift. In an alternative enbodinment in |l S

accor dance mfdréncehime 202 sens td mamtain apredétaivabefaratcedoitige lsudls Rafurénce| v
towards Vtt, duri changeover from reference, vol tage. driver. tq_.another
ref erence VEIEPE gg&r%egfl ?’E‘}P’eww%gﬁ‘rw Gigifang whep H%‘Eer%tdg’é’eﬁe%g'rzglolaé‘f

t er m nat ed : » PANCSEhN fRati L i - he
present i nvgﬁlﬁ%%#eﬂﬁg%ﬂoﬁ%g 400 1 négfl thgrggﬁ‘ta %bgé@’eggysfggg?g? gﬂ}lﬁjﬁggrrlg{]ee%

ci rcui ts 458ve$6CharuedverAOrm @ae ldriokr ohinothehdsiver idatsa refeiredto asanasegei ver,
and a reference voltage driver, Integrated circuit 450 includes data driver
405, redBi velrngenyer. e angreaboduaenton aggpsdaicevdth e paeseRiiBYFEOBANE 1 cui t - 460
includes data driver 410, receiver 440, and reference voltage driver 425.
Integrated circuit 470 includes data driwer 4l 5, receiver 445, and ‘
ref erence voltage driver 430. Data driver 25 405 and reference voltage
driver 420 are grouped together as a pair, and data driver 410 and

wef erence vol tage driver 425 are grouped together as a pair. Al so, data
driver 415 and reference voltage driver 430 are grouped together as a pair.
Net wor k 400 al so includes data |ine 401, reference voltage |ine 402, '
reference line termnation up 10 2 2 JIJ~ 2Q4 resistors 407u-408u,
reference line term nation down resistors 407d-408d, and data |ine

- A NN A A e . Y -




conventional discrete element circuits instead of integr & 24 2086 t s
coupled to the data lines) and the reference voltage line(s). The three
pails of a data driver and a reference voltage driver operate in a nanner
simlar to the driver pairs described in connection with network 300, and
their operation 15 need not be described further, here. According to one
ermbodi ment r@érehESk¥peS RN hibR BHdafed lemiéeafh?ch%bﬁfﬁe?‘en?toqﬂéiﬂta‘i’ﬂ tf&lenahd a
reference voltage driver are driving lines 401 and 402, the remaining pairs
do not dri veltagee duringshangeover. ot snmmaembeiimnttedhemitrente tdimgplias@tan

i nvention, .t wo. pairs.may drives the Lines sjnultaneously. A signal
appl i ed bybs?eﬁta@%ata%?ﬁ%? f%‘ﬁ)fl’BS Flf‘x"és"ifwsﬁ 'F*Ef\fﬁ'ewnl%m@h@a}ﬁagﬁwnenbdm
Hovever, reringboVer. H33mamchifi | ine.serve the
pur pose of algs%or bi ng "a si gﬁéﬁétt%earte?e?err{geg?@ Oﬁﬁént%%ﬁgﬁgﬁgqoﬁg tthS pr event
r ef | ect iSonbeneSitsof paehgjo difesemiabvaltag® TeferedO distrib0foh cavtsk ABLdSRr ve t he

pur pose of absorbi ng a noi.se bounce in the voltage reference signal on |ine
402 when tﬁﬁgﬁgmﬁwﬁgﬁﬂggoﬁwﬁ&%s-of a voltage reference line, in order’

to prevent refl gefions. 0,4 g L,0,a series.tern nated
networ k because 't he _%%}%ﬁ%&#tﬁb&g@gﬁ@c&%?ﬁé? m&’ ia'gf'%eds?lben%?a jigeand one
conmuni cat ederenceiditage tiak,viesisould bagppritatetihat the BeopdlantiRPirtt b€ tHd frafenpass of
the signal ,down the data |line. Receivers 435-445 conpare the sigmal on

lines 402 HWanUrm encompagediiaraatve smbpdimeants hadingadifforeniodata Hae toogfaetevel  of

S gnal S50 pulheeut® it KR RRb eyt BB b b e Ry e et
vol tage ( Viigds)fopsadhi referdfd vaRagilide. 26dRUMNY JRARIDO Eﬁ%o&i?x?e?nfs‘élﬂg% nﬁ%\eﬁ?nes

the data line and the reference voltage |line. Wen Vref dri
401 and 40gonyentional giscrete element itguitpinstead pbintegsited tiandits coopladisehetdae ti i ng

at the recegjyvers -445 can .affect, perfornmance on the bus. For one
enbodi nment ﬁ#eﬁgaaélgéﬁgé%%r_ “ﬁﬁ}’?‘}%ﬁﬁgﬂﬁ(ﬁ sent invention, the reference voltage
line i s substanfbahitetnsivédnfodiRerdd) @nHadR dfltﬁkeinﬁsgr %ﬁ&i éq?ﬂs%‘?dfsQ es

I 0 otﬁ I

substantially 5 equally and in a simlar manner 1 nes. en the

lines dPe slabsutgirdua imaydiave paeferenbrekevperste mdinthincthe pifeentovdlbge baftks ence

| i ne has a_phase ar?d ,mlagni %ude thait i S subgqt)':‘gnti ally equal to that of the
noi se on t M&TEAAlage gy, £t other alisrativesmpedimenss mayraaveiatleast giase, a

pr edet er m i e I : - ol t age can
D mai 1t Al e e i o P (P s I LT SBENR) A

i nproved 1@epent crawitnche sxtemabmefdrengedretaivcdupledo tht fehReldeR@Ragd Mhe t he
lines to be substanti al |<¥¢s§hm | ar, in_one_enbodi nent the |ines have

subst ant i af14So0gGaPOUNE it gleierenssaaliageling cbet othes altemstiveiembodimentsnat i on
resi steps M Ial. ' e I and . cortespondi drivers
attachey ey Rar S bRt R R SR eE AR et AT R 1%
Consequent tiytuitidres disdreteiebdment efigiihwil bdrileah® feFerbficeSIard Within a FRERAEMREOET
characteristics of lines 401 and 402 are substantially sim'lar in one
enbodi ment Perigdafdimg atigyallfivess asbus agenis stgp drving sheedatebingsance, Rit, as

resistors 407u 407d. L N.har el . Sim resistor 404 has

subst anti al |y tﬁ@g%%°Qrf§ddre§‘£s}i‘b%?é’ﬁ%‘ﬁ%"°¥&’??frgwgeé{s r2peEmiedimenty in
paral | el . ddeerdisy &) the pedikit iRGINBRNPAARIEMThARY hoRJES jpes 401
and 402 is descl%i’ bed Ey the1 foll ow ng %;pressi on: 26%%%%%%#51 t The

i npedarée eftwersorjunneferansistortedic (gL indtwerks p4@eit atReher ssseelbAtpanilienl | y
equal to the inpedance.qf each of daja drjivers 405-4t5. For exanple. data
drivers 40 !'HTénP‘*ﬁaR?&W%fk&}F FEStRior? ﬁb?ﬁéﬁ’&‘got‘t][%?reﬁ? VRlifgge lineandressoIrng edge
signal is bRhRAddf iheatPMe thithecA04r #R4 S0 e equal to
Rdn' when a falling edgelsi gnal ‘i:s beli%nge%?ep\gée#lgarﬁwgmfgmﬁgﬁgﬁﬁﬁog I n one-
- enbodi ment [esiRes sdrge thgpapdse oReborbifubourichén frrrafer@ice voMRie ¢ iap Of Rup”
and Rdn" of each of .drivers 420-430, in one enbodi nent, should be

subst ant i aPT3F"E t1oRs Wi the bopgse reashegsibe gad of dogefetance poltagsiineplle, Rup”
421 injzparghklsle W . antial |l qual to Rup' or
Rdn' . The relcateidgggﬁ?ggggg&ﬁégégﬁgk%zgﬁ'?f‘aﬁgﬁ%m %mtsﬁ'é’géﬁeeplﬁa?ﬁﬂ’,o and Rup' and
Rdn', on the other hand, is described by the follow ng 30 expression: 12

2 2 JJ~ 2004 Rup" Il Rdn" ~ Rup' or Rdns Also, the reference voltage at the
output of a reference voltage driver is related to the voltage supplied to
the reference voltage driver, Rup", and Rdn" is described by the follow ng
equation: Vtt* Rdn"/(Rup" + Rdn" ) ~ Vref




Addi tionally, the value of the reference voltage on line 402 is related to
the voltage (Vtt) applied to resistors 407u and 408u as descri bed by the
foll owing expression: (Vtt* Rttdn) / (Rttup+ Ritdn) ~ Vr%l I!gml eHl d be
appreci ated that when none of the reference voltage driv 2 &Efving 70
line 402, line 402 wll remain at Vref because of the voltage generated due
to resisto i-r 4 , L S i .ang Wiile in
one enbodiJbrfé’gﬁjll%gflae%é“?@ﬂ{l:{l}é%lgtdo%g\l}vé ? %?3‘5}8?? ?%lrvérrllt;}a #8§Hsge‘§i%§%8?’ls in an

al ternat e wefhpdiedertwak i§ pRighias enh sérfvdedririifited hawork Bech@®sheintdmed fl ow
through the term nation resistors. In line 402 there is insubstantial DC

current fllogiclevel@ée datesignal Brropmypmicatedinct bresgivern glongdhe datadinmdurng 15

resi stor pair._ar i 10, Vref Therefore, if a Vref generator s
i tched oPF TERERfdns b Qo¥ithe [1%C 6 85 les erplrolf b BBACORME b . ror
exanpl es Fhghidl thelatd dipiedi had ©Ira¥e PR BE bRd of BE MinB ah & LRSI BIRK keford a AN

al ternative enbodi nent in accordance with the present invention- Network
500 i ncl udeseivir dengdgdingdelinitivelyrracasizes thasigne! BS0inS dmvedhaireberceeach of

Net wor k500" FRE: VARE Rl b 0RE FeiBon £81 PrtSp b Rl B e iiasge
drivers 52&;&‘@%9% 1S iHe@atd s ﬁﬂétha@f&é,%ggagﬁ%é 1% eredteng(Jr 86 18ME B thé Ne)

502, data line Term nation resistors 04,” reference |ine

t er mi nat i omargis betwses tisOfatalines 308 themeterermeoioltegss. F38-0f 4% prbkiemds HusSR0

oper at and Js made in a nnersimlar to' network 400 and need not be
descri ﬁéd thg H@?‘é‘%ﬁ‘ﬁ?“ﬁ@?%"lgﬁs 3BICA BPerﬂ’tﬁé“F}b?Ef I deyim ‘@‘éeréf’géé‘feékbehave
as a noi senaPUPhkRg, GAIfKeUhE CRIOS BHRLEREh POIR irivErsae SUbsRAf; jreuit to
the refer E%Cebl]\sl)oll't age Ilfcne Sg?l(l)ent d#?%er encesrvbrest V\e/een ﬁfeﬁ‘aﬁ)‘f‘%"%o and

net wor k 40Dhevefore, iovorieentesionerhenl acdeodanex suihl the presatt émentbn,ayakatieng a

vol tage greater than the reference oltﬁge Vref, to a termnation resistor
on Iine Sominaisgihiagevereyline mmpedagee i st be substantially sl ol i od to
the term nati SdaibP ; ing a voltage substantially equal to
Vref to thgmt/égr%r#u?é‘il on{nr?%eg?es{cteg?\?,hyl ine 502 wil'l remain at Vref when none
of the18ef er encFigoot Baljestcitds aqragal Bl eerslinavddvirivbirkefob @R empodirtieli iIng a st abl e

Vref This may help where there are no drivers driving, oi there is a naster
changeover accRENes WHA thg presenbwengion. Metwork 302 eaeg mpleseried wahGHY ow

t hrough th 1 I esi st i .di | i vel i cient
manner. v TR 0BTt fechBOBHIC et BB B Bl ooy o
line and omayhBbéeased MetwoagB00 irndtudes threh@iphdiatappedairalivdso B0, t he
scope and spirit of the present invention enconpass alternative enbodi ments
havi ng di f #d & eardnef whislehass dasa driverc e receives land gaeferanse voltagg Srivetor

exanpl al t Lve . di_ment h t wo. or re.data lines for each
refere 8 e i/"(%%r gtgé °1‘?‘H§?P‘5/§‘&8{‘T‘?Fsof§%?”5§}’“36$ ef%‘fﬁ'tvf:{/% _eﬁB%Eﬁq.‘FFgﬂ -esvo_ ° have
convent i ongdivéliso0r Bitegralc@Badiit 360 blides dRgiderdr 910, rédeRAF 34@ dnd kdreidhés
coupled to the data ITnes) and the reference voltage line(s). Figure 6

i |1 ustrat evoltagoainiabl 35. tletegiatest @rbuntet MonKufesrdatandayer 81 haecaieerddboidnent 15
in accordance wth the greégat inv%ntigﬁ I\gt r k 60(1 i ncl.udes .t hree _
separat e | FEGRs@faEs ALY oV c B2 @8\ SAnane rcreaseyP e ARVER 0L a dat a
driver, a %%gbd/ﬁ@ethéﬁé’s ApdiP afi® dSQWPIENY FhdCidfdrendRLNREKIARP 30 95ludes dat a
drivers 605, 610, "and 615, noise coupling circuits 620-%30, data |ine 601,
ref eree ymupedjpgtthaeas a pfier Alsoaddta deyer@d3,and atferdnica eoltage ririnart 330rure

resi stors 603 ggd 604, reference |ine :ai{om nation resistors 607 and 20 608,
and recei vEIUPESHSEAST aNEPABT RIeBEY kol@rttoosclifer daia Hawél ). refgrenemypiiagsi mi | ar

Lo netvior kgD 9o eteRAELiRCrBfaf6R 07888 drd LRIt resfiftif3033al T ent

di fferences between ne néet wor now escribed. For

exanpl e, i he4 eWthenthedura agveref epeitckiveolitadiae A0l vies fdrbiide voRAGY diiver af
reference voltage and co%pl e noise fromeach integrated circuit to the
€

ref erence h§Ragigdsoxdiviep fieferenen vidtage dioe 303 sithaersfergnesevadiegp | Theyetarensei t s
t.hat | i SE. ef | ine.f t i nt t.ed
it cut o8t FORRVELo BE phiFRBO RIS of 21 b AR b SRl 5 PR Mo

i ncludes a resistor Rdn" 62Z which substantially matches Rup’' and Rdn' of
driver 605. Crcuit 620 includes a capagitor 621 which couples Rdn" 622 to
reference line 602. The noise in circuit 620 is coupled to reference 30

| ine 602 when switch 623 is closed and driver 605 is driving data |ine 6QL.
To allow 14 '




~ ~~ ~~Q~ good noise rejection in the bus, the capacitor needs to be sized
such that it allows the | owest frequency noise of interest to couple

t hrough. Noi se coupling circuits 625 and b30 operate in_a simlar manner to
circuit 620 and need not be described in greater detail 22”&5}@} &bl ence
voltage is supplied to reference line 602 by applying a voltage

subst ant i altwin?%r#g{edtcp?yg tr%fetthgpuf%ljg %éﬁ%mggﬁti on resistors. Line 602 wll

subst anti al In a e voP't:"age applied to the term nation
resistors but wiWhilaltsoaboet destiptifieoniteerk J00eaiRiuded 8nk BEEARESE one
circuits 650, 660, and 670 when the noise circuits 620, 625, and 636’,
respect i velr§iereage ypliageline, iishauld pe appricinted dlapt thesstope aurdsipirit of the prester ence

line 602. hide t i ption.of network 600 anly.included one data:

[ ne and or el PReBARE AREREN Rl BiRe st dainecdimisrencne

scope aml splingd iaf raos. Borsipld, BNGRARnARRANBAS had gL RAS bY pofiigdi ment s
In

having different data |ine and reference voltage rati os. For exanpl e,
al t er nat i vdinenfs el FrferenegvoliagelineoA dditionally, elttraathfe dnibvalsmEns negchuve
reference \éollntr%gie Ilicglg(i tAC,%EJ ti gnacléllé%,. al ternative enbodi nents nmay have
convent i onaAP Ui s QP USAFLE rsment rifs iustead of dnfeerated;cicuity eaupdedtortbe et

coupl ed tolﬁ,gg)g,@aglelriemeeagagtehﬁe( ference voltage line(s). Figure 7
illustrates a parallel term nated network for an alternative enbodinent in
accor dance wi t h Dave dprvesiditani neferencodriveNaOardpalie togetheddas dhlve SRe2901

separ at @ [ ntgé gt ed ci.rﬁuits 750, 760, and, 770. each of which has a data
driver,'% ABEaPLIPSPESHYEly, 3t thesamedims. | Aeposding &9 ene smbadimentzolthe prdsentes dat a
drivers 70% = alel j 0 Ml ireuits 720-730,. data.line 701,
ref er ence \??)IetK ég%’ i nee17 r’é?%?%%%‘é’qﬁo#%? g%fffénﬁé?'@q%e LIVEL 3T dityirgplines
resistors 308and07,0He ranefieing paies dd nex drive hBidsOM igRilSbelied B9 dapd 708,

and recei vers 735- 7.45. Networéwmo operates and is nmade In a 25 nanner
simlar to9r¥enR iged0kHaveleths lensth pblinp3; | Hewever rgsistaness 30tanid|304her e.

Sal i ent di { 0 and networ.k 600 will. now b

descri bed. E}{Feg%nﬁgg g?rlpﬁb%?g\?%eg‘geﬁgp J'(r;?fgg%?fﬁag? Sorbjfiecs §‘{§5$ tgﬁaraé’ﬁlstdg’l‘i"i tﬁet he

noi se dsdupldatadineits proviensveflediionsl DSindirlyatdsidMRECIER3 TR Rrvéhd sERIR puffosk Ne
i's

data driver, the noise coupling circuit includes a driver that
subst ant i aPf §bserhing amoiss bpwrceda the vplage reftrgtcaigroh on din8G02) buytseydalboren wi t h

a const ant ' Lnput such that the driver is consistently 15 ~
2 RS o gl i SNl tn B halBhed 0 e Pt Gnisse teompraian
with an i mpatieamees, meivedik 300 ierefiadble £ Mfiks b @gyﬁm, ' river in

t he noi se coupling circuit igs?&rr.ade_to be subésﬁﬁgﬁltl a y%%e%ﬁggrlet{lg t he data
driver it #uensdedtogialievel olmdathsigeaizcompedaaed taall Reyeivesy alBas theafatd hige dat a
driver ,,Consequent noi coupl gs i supstantially simlar manner to
both t RS dg %93 &'ﬁéi"g"rﬁ?si ﬁi‘%é‘ﬁ&ﬁéﬁ’é‘@ '36?1939 3 $siies togylinated pefprarkrncthe cui t
720 i ncl udghephdid, WRY daf2deinadiotBs ' : : sylskantial |y
mat ches Rup' and Rdn' aof %‘p‘i]ver 0705.‘3&&%%:%1?({oggggﬁggﬁgaée%%gb%%%é’ PES 721 :
whi ch coupressiver dlong tmmetchﬁnﬁiveiyenoc%mﬁziedehe?ﬁgnalEbeaeﬁgiasgvé theGefegatick 720 i s
coupled to_reference |ine 702 when driver 705 is driving data |line 70I.
When drivel® 88 is not driving data]ine 701 10 driver722 is tri-stated such
that it does nokeEq 181 : ihior 1 ine 702. Noise
coupling circui ts 72‘55}1“‘§%§g$§8°‘%‘gée’r9§g$‘§@§ﬁé\“ﬁ? ?éfa?égwle?mf%e"&fqtﬁﬂi t 720
and ne@d nsgndiéndiexbre dfalie logicgeestbethedirai bn 1iRBS0T €TRE SHGE Mplle&ﬁgsrsité
supplied to reference line 702 by applying a voltage substiantially equal to

Vref to thBopeilyfieeadedhe sigaal depands on ppfvorlo 200vpdviding stpaedetartiiyedl5 renai n at

Vref due t pli the termnation resistors but will also
reflect t h’ceéf%gll?c g\ﬂlggﬁgg\éﬁﬁ&}n lﬁ%eﬁ?ﬁlséw]eﬁsé’uccﬁrpeﬁm@emﬁﬁ tagkingsiveero when

the noise thirefdichae 8RageTs.anafit diDiind WHEEY-UChiins SANDIReL 6 I 56 Of
each integrated circuit to reference Iine 702. ile the above escription
of net wor kdpet resopdisimilarticie rwire thatiming stehardeives 33-345f @neiffeer Vol t age

i ne, 55 shoul d be %gﬁ%zﬁiated that the scope and spirit of the present

i nvent i on BACEMARESO LS frat i ve enbodi ments having different data |ine and
reference voltage line ratios. For exanple) alternative enbodi nents may
have two or nore data lines for each regerence voltage |ine. Additionally,
alternative enbodi mrents may have conventional discrete elenent circuits
instead of integrated circuits coupled to the data 25 lines) and the
reference voltage line(s). Gven the above description of networks 600 and
700 it should be appreciated that other networks herein may benefit from

t he noi se coupling features of these networks. Wth regards to network 200
of Figure 2 it should be appreciated that for an alternative enbodi nent,
sone of the Vref drivers can be replaced by either the noise




30 coupling circuits of network 600 of Figure 6 or the noise coupling
circuits of network 16 2 2 Q2004 700 of Figure 7. For %QNQU@OZ@?"I ver 220
can be replaced by either noise coupling circuit 620 or S i ng
circuit 720. Wth regards to network 400 of Figure 4 it should be
appreciated that for an alternative enbodi nent, he Vref drivers can be

repl aced by eitpher the.naise coupli circyits of network G00.or the noise
coupling circuit¥ %?%“1'“";?@%%?%‘%8@ w : rﬁs,enb'lniver_étfonﬁtﬁ? rgge.ﬁequ repl aced
by noi se cwﬁlghme@q Jubbthfiti QiR ar e kifeCdae LY JoHaGidigetidy Fe%QubMtnu?egar ds
to network 500 of Figure 4 it should be appreciated tha? for an alfernative
enbodi nent ¢quale and &f a similaemenecario bethlimps. Aden bhe lgies ey sublsennigissndlaupl i ng
circuits of network 60Q or .the.noise coupling.gjrcuits of ne rk 700. For
il o dite oIS A cumenie BeRrARI Ty PSRRI G MRG0 o ot s
coupl i ng  10,pciahfiMiy} eqfPmahiIg £ @dRbisB Bn thd Gk fife e hd 4n to
cover both thél Vre%qujr%i Vgé?g of Fi guress 5 3, 4,l %nd g, V\%?@ {S:&gup e noi se
as wel | asimmnesdisentialfyee@atm phatd agassgnitnde, tahlppredenéragnedmptdimgeicesui t s

whi ch substantially 8{}{) Fcoupl e noi se. Thus,. a_.nmethod and apparatus for

gener at i ngthedptarsigiad Egjerenepolisge rambs masEingdanoremashy whichimey edsent

i nvention e ' ' | Gl L4 |

embodi ment & eGP Do apy Sy ByeF e ERaRe: CudfRHuAE BRI

t hat vari otgatinel.fi cati ons and changes nmay be nade to these enbodi nents

wi t hout departing fromthe broader spirit and scope of the invention as set

forth il the clBpmide rekerensedyokgesand drga Uassdo be suhstantialy girallaiwinaps are to be
regarded i | af | I . &han. .ctive 20.sense. 17 22 JUN
2004 What %gg%lgﬁemg ?lg‘% %.ge/i‘ﬁ%s%?%ﬁh %&lénﬁzé@%@é&ﬁ?ﬁ@n& e?’o a reference
vol t age | i RErthesMORY, i td@iin@iohGesS Qo Wb Ef Gk igkd havebabstabtidlly &RBlietN0i se
fromthe circuit to:the reference voltage |ine based upon whether a driver

i s drivi ngvduesatAse thealatagdityers apd shefeferene volings dness have sgetantiflly i s coupl ed
bot h high and l,ow.re nsi to t oise. .2 The circuit of. claiml,

Furt her CconBiTAPRGBERRER, Xnidhubift 25 Redf 1shEfhuthd SshsRichs arfng
referense ¥kt a@eactitistitioflies 86 RARNR HOLIRBAHANNSNIR T bheHbbdififent. s NOt
driving the data line. 3. The circuit of claim1, wherein the noise

coupl i ng cResustprs 308 and 384 bavepubstamtmlly thefasreesistancd, iRity@s oesistdre 3P fed ence
i ne. 15 4.

vol 202 | |05y Ssesh SR MPELIST (e 0 LMEr s, dELM NG LD, R R ™S
Chat subst o o T B ooty e pl Sl el fos e
circuit of havlea pnlldup fmpedhme eqoaipe Rephot shavegevheara risingl sighalriebainghe
recei ven recel ves §ODA 5. ¢ SIS, ETGLence YoLIARS (i ngoand the data
. falling édge signal is being driven onto line 301. typically, CMOS drivers and drivers
used in GTL implementatipns do not have equivalent puli-up and pull-down
impedances. Typical GTL implementa;ion may only have a pull-down impedance
because the driver only performs pu}l—dowﬁ of a data line. ‘However, drivers 305-315,
25 i oné embodiment, have substantially equal puli-up irﬁpedances, Rup’, and pull-down
impedances, Rdn’. Thﬁs, the parallel combin.ation of Rup” and Rdn” of each of drivers
320-330, in one embodimeht, should be substantialiy eq.ual to Ruﬁ’ or Rdn’ of drivers
.305-31 5. Fo-r-example Rup”.32} in parallel with Rdn™ 322 should be substantially
equal to Rup; or Rdnw’. The relationship between Rup” and Rdn™ and Rup’ .and Rdn’ is

30 described by the following expression:




7. The circuit of claiml, wherein the noise coupling circuit includes a
noi se driver that is substantially simlar to the driver and that is
capacitively coupled to the reference voltage line basedZLR)quM\Azmg@@er t he
driver is driving the data line. 30 8. The circuit of claiml1, erein the
noi se coupling circuit includes a resistor having a first end that is
coupled to ground and a second eng that is -18 22 JUN 2004 capacitively
coupl ed to the reference vol tRyp"l|iRdnbas Buupbon Rdnt her the driver is
driving the data line. 9. The circuit of claim1, wherein the noise

coupl i ng ci rcui tryrAGinise LVisler €l X1y is.-coupled to
the reference vcﬁ"?ﬂgge Ii’ﬁgééigtgﬁish%g%%ﬁtﬂgrref'gﬁl;eﬁéé{rﬂlsl\t/&égrgﬁhg diial CE %t e
data |ine. rdfrenfe boitage cloivpr ami thg refareflad ®rmination Hkidors 6§ 86:0AB& Mplhkage |ine;
a first circuit.including a first driver and a first noise coupling circuit
that is to 18 SXBEE¥°%-rom the first circuit to the reference voltage

| i ne based upon whether_the first driver is drivi nFRt he data 1ine; and

wherein % he first ci'rcMrﬂfi%de’ﬁR@m"ﬁ(Rdm'Hr(&lqn'él ﬁﬂﬁﬁ))gge both hi gh and

| ow 15 responsive to the noise. 11. The bus of claim 10, wherein the first

noi se coupling GiHefdh ks ;d , e a reference.voltage on the
reference voltage Iine 5 gh%gtﬁ%é??}gfs%tgqé]g‘l}esrg%c%nlfﬁl Ilnﬁge%'i'?%tfﬂ“trgflgoﬁsoupl i ng

noi se from the Wheta dita divér dnd itsh@sdoifted RAGEnOId1AEE dhlBSstoP@iviRe ddhie bus
of claim 1%8 f@”g«fr conpr.i si re)g: a second circuit including a second driver
and a secor€Ad] & IpnsereciOe taspeativaly, $&thap thewept dataend eefénenca drher second

circuit tog,t: val | ine based upon t her the second driver
is drivi ngp %lﬁgn%g%rg&?r?gg\.”\ﬁgéﬂ %g.?nel‘%e %’@sreﬁfe"c@gginﬁl% ’,mﬁﬂ‘f'é’F'Eglﬁ HECHCr st |
driver Wri veladelimef3iopsilldRiattrbuigh hknoWa stardd 4sSits $dIfHBe Bﬁ{r&?gp {Jé‘ﬁnsec.ond’
driver drives the data |line during a second tine period, and the tirst tinme
period and2ihwilteronater ragsignis aothedeferente vokagealyives Corinkrly Hniryuthe bfis cl ai m
13, wherei '}]el% enerate a '

reference vo gsg%%%ﬁpg %{eh%# é\‘%éfegﬁ%l‘é‘érg'gqetc"lé’&%g% %ﬂ‘légrvé?g r‘lt"; gh% USo AT IHRY e
coupl i Ng Cicxugybéridus problbhb REthtHE bELhSSuldl Wit MG eRSGAMakld (Elilg L0 the
reference voltage line. -19 _
incorrect actions. It is helpful to avoiding Vref drift. In an alternative embodiment in
15 accordance with the present invention, Vref does not drift substantially towar'ds'Vtt
_ during changeover from one reference voltage driver to another- reference voltage
driver.
For example, Figure 4 iIlustfates a paraliel terminated netx&ofk in accordance
with an alternative embodiment of the presént invention. Network 400 includcs three
. 20 separate integrated circuits 450, 460, and 470, each of whichﬁés. a data driver, a
receiver, and a reference voltage driver. Integrated circuit 450 i'ncfudes' data driver 405,
' fecciver 435, and reference vo]tage clrfver 420. Integrated circuit 460 includes data
' driver 41 0, receiver 440, and reference voltage driver 425, Integrcted circuit 470
inc]udcs data driver 415, receiver 445, and reference voltage driver _430. Data driver
25 405 and reference voltage driver 420 afe gfouped together as a pair, and data driver 410
and reference voltage driver 425 are grouped together as a pair. Alco, data driver 415

and reference voltage driver 430 are grouped 'together as a pair. Netwofk 400 A]so

mcludes data hine 401, reference voltage line 402, reference lihe tefmination up

10




22 JUN 2004 15. The bus of claim 14, further conprising: a third circuit
including a third driver and a third noise coupling ci rcugg Hbﬁtgﬁ@ to
coupl e noise fromthe third circuit to the reference vol tage n ased
upon whether the third driver is driving the data line. 5 16. The bus of
claim15, wherein the third driver drives the data line during a third tinme
period that NP2 i tih t I i : he cond tine
period. 10 rfg.gﬁnsl%e bus” of }e? g%‘\éﬁl%,t lfé'?{é‘?%dé‘kg??sﬁs?d’r%gg?f% -arlldsaa?%ﬂg?_so
generate a eahRaAOSep Yaist@ya0BA0Y hevHea ey @RCEHI WPbt A drivaedariem 4o gnd hi rd
noi se coupling circuit is coupling the noise fromthe second circuit to the
ref erence Vigfardge voltage driyes of fiepalsglso grives rgfergney volige g 402t with 4 fefesencelr i ver
has a first A ' £ ' f ] LSt Noi se
Circuit | pataht Ihe b ERRORARRpRlr R Bal AR bkt aTRhGRE D Bl S4BT\ o1
has a sefonduglingaerise ingedoiegretet hatuistoisd efdrérat vyltapatliahes a second noi se
circuit inpedanc f ,the second .noi se coypling circuit, the third driver
has a third dri v@thﬂf’ Hﬁé‘gg‘ﬁcf%sﬂ?&f’f‘ gﬁ‘b?i”ﬁﬁ‘t‘{oglogy ‘Pr%ﬁ‘_ &0e data fing ndpge se
circuit i npegaiee vetagk Nife, idthb@dBe bR e M@ althe GEdpe dhd spirkQr it présb@ bus of
claim 10, wherein the first noise coupling circuit has a first noise

ci rcui t i npBYRANER eRqemPag AjsmAtys embodimentehrrineiffereridagding and fefaragance of
the f! rst .d\rdlt\ﬁgé linezrléﬁi&o -FOP—Q% > ?ﬁgmfﬁi\%'emb%&lme s ﬂvé&% Jrl é 449! s¢€
coupling circurt 1ncludes a ti'rst receiver that recelves-a reference signal
from t h&0 r dires éreechofcrage viliage line h dditibatlly . altegnativefembotibdeats daly datd ne. 21.
The bus of claim1Q,.wherein the referénce.voltage ljine has a first end 30
and a secor® &MY ”gélh'scﬁ’fe Y, et B’SFe@aQF%e%at?‘g‘F"é‘PE%@é’p\?cht’Q@g‘?ta22. The
bus of cl ailme@méme&éf@;@n@mﬁgeq@dg@_ -20 22 JUN 2004 a fi rst y_ol t age _
di vider circuit -cougl ed to the first end and having a first divider circuit
i npedance that sTsthessPriz 9ha detadrtyesang] 4 jefesqncel vpiage drirgsoderacdn ofnandee fir st
driver; a sggf I L Vil L reui o coul .tphe_second end and

havi ng a 'secon%qg“%i%?%aﬂjé?%%ﬁfmt&}]ﬁ%@&%ﬁ‘g@“ﬁ hg?‘ sogbsdtaa?l"[dﬁgﬂ %’Pelf?élf’ Ches the
first di$vateei mudaakoeibe®irthdiBerbuscoofding @i dme 2thboditehirif thet fi&efitiifichti@nd and
the second end receive the reference voltage fromthe first voltage divider
cirout T andvETRd BASAd Y A TP Tare I RG T RSl et §11 6 493, The
bus of cl ai i fehnairibd b8 do GOPBHi SR Bined ThiahStetnBfilE BAbLAMRESH L Pres&Pup! ed
to the first end and having a first termnation inpedance that

subst ant i alinyenteinctheswa phirs staydrivestheilimee damd@nedusih el §ignatappliddiera ditd a

A R S TS S BCE SN N R
;%e?ﬁgﬁ@- the endd ¥ thE8aiR Tin€ s @V BYRAurPbR FHaBsdBfng d &iStal Uik Tl AQn figSi St or
data line to prevent reflections. Similarly, resistors 407u, 407d, 408u, and 408d serve
_the purpose of absorbing a noise bounce in the voltage reference signal on line 402
when the bounce reaches the end of a voltage reference line, in order to prevent
- reflections. Network 400 is preferable to a series terminated network because the
25  intended logic level of a data signal is communicated to all receivers along the data line
during the first pass of the signal down the data line.
Receivers 435-445 compare the signal on lines 402 and 401 and generate a
signal indicative of the logic level of the signal on line 401. The ability of receivers to
properly decode the signal depends on network 400 providing a predetermined

30 reference voltage (Vref) on line 402 as well as common mode noise tracking between

the data line and the reference voltage line. When Vref drifts or the lines 401 and 402
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second termnation resistor are to receive a voltage that is larger than
the reference 20 voltage. 26. The bus of claim?24, wherein the first
term nation resistor and the second term nation resistor-sage @ﬁgé'%ei ve a
voltage that is substantially equal to the reference vol [22%@._2* 067, A
met hod for communi cating signals across a bus, the nmethod conpri sing:

driving a dane redpondwirhitarly fol dosde (6 lidig AtihrebdiVak 4651051k aﬁ?#p' Ing noise
fromthe first circuit to a reference Il ne based upon ether the 30 first
driver is BRFfopmagea orethgdua. | ine; and coupling the reference |ine vol tage
magni tude in eigher. direction.to match the effect of ngise on the data
line. -21 22'%%@"50%9?%3‘%&183&%‘{ ve'?‘él‘%PrﬁFeZ’?}“‘PG?‘?lhéhe faberBRéssi ng

appl yi ng avdlefeliaeesubolahfas Simd® & the 15k 1 FubBading first
circuit to thg reference Iigye "When tt&eaﬁrmslltgL%?ﬂ@%‘%@%@?%ﬁ“ﬁ%‘wtﬁﬁ%ata
line. 5°29%equitieandihasinuiar olannen 8 bothf lies Héhes dilines argubPRhNAIRG AikeS er ence
vol t age frtgm a. fltl’%t rqfere ce voltaige keeper in the first circuit based
upon whet h&F PP that copples fotf referenge lineys pipbaseand magnitudgthat Bhe net hod of
claim 27, §imsthixetii [ foShisf | Vi . daga line with g secqnd driver
in a second ci rcuisf%?%ogpl ?%g t&\‘%l}(ggeé %@rghd%ﬁgmge{é%ﬁﬁﬂﬁ BT o0 thg WRemes

ref er ence isimphasesepredgenminké triaegin bbevess e dhtaldiN.8 andl thederarihng v‘bL@géj ata
line; and wherein the first driver and the second driver drive the data
line duri G NERBTBINed RO Gasbr vhigh may leadrte betier signal recovenyuintl improsiedi m | |,
whereiqg t HiRgda fo i i coupling circuit substantially matches
the dri veréégf??z. A é%ua?thl%@?gﬁgir%%gﬁﬁqﬁ\%wgi n: 20 the inpedance of the

noi se coupl i ng Kurnthelihessio betsabdtiaially st NR%onk RRbAHINY: 'i:tPM'lS:Els ing up and
pul ling dowm. 33. A circuit of clai ?n 10, whernei n: theé?ll npe arsiglg{’%f t he

first noi SEEURIYRIuEialentiengthsisad anpedahtes, cates parslitdierdmatioh vesistod4. A

circuit of | -elin. t he i npedance of the first noise coupling

circuit suvt%{sﬁit %ﬁﬁ%ﬁp?%ﬂ@{lgﬁggt \{aﬂ S’(ﬂ%\%FeW@ ing dveRgtiashed g thedingsng down.

30 35 A nelthabsnhtial piqiddlentiitdifbesC LRI ARG RN dha odBEShi ng the
I TSt

i npedance of . the first circuit to the inpedance o e river. -22
AU 5 sections, among other characteristics of lines 401 and 4072 are substantially similar in one

~ N ) _ A
AN A ) efhibblinthf Risisid48s ALY Bikidalr e/ Sae fsiolaiod RR: AFetibion dorand 0 00
407d in parallel. Similarly, resistor 404 has substantially the same resistance, Rit, as
resistors 408u and 408d in parallel. The relationship between the termination resistors on

lines 401 and 402 is described by the following expression:

20 | Rttup| Rttdn~ Rt

The impedance of each of reference voltage drivers 420-430 is-substantially equal
1o the impedance of each of data drivers 405-415. For example, data drivers 405-415 have
a pull-up impedance equal to Rup' when a rising edge signal is being driven onto line 401
and a pull-down impedance equal to Rdn' when a falling edge signal is being driven onto
25 line 401. In one embodiment, Rup'is equal to Rdn'. Thus, the parallel combination of
Rup" and Rdn" of each of drivers 420-430, in one embodiment. should be substantially
equal to Rup' or Rdn' of drivers 405-415. For example, Rup" 421 in parallel with Rdn"
422 should be substantially equal to Rup' or Rdn'. The relationship between Rup" and
Rdn", on the one hand, and Rup' and Rdn', on the other hand, is described by the following

30  expression:
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109B&' () -=!#109@8& () - O! #10988&. () - 0! VAIOWNN&' () - E3 : 8wWXGP! *#10% | & ()- H
( ClO%Bf&') ()-1* $#%8@J %%in]el):,_ lgg@%ﬁé{)ﬁqgﬁ%‘a pyrallel ter(rthated network for an

1T $109%7 7 & pfgheithidd SAQYEnb ) 82 S\ zhPLL100R ()1 01 100@ () -« 108 108
108| 910%&'3%%{“?%%%&(@“@?“ FArGHRHG }'ﬁ‘tlh th <G nierBbp, ?ﬁe@’”ﬁga‘f@é}&' ()- 1V
109%M&' () - <irddd8des threk &3favae (ntedrated circuits 550, 560, and 570, each of which has a data
"109&' ()-1wi dB~\=!181$"10%& ()-1"z10%& ()-1i!109%& &)) < _

=109& (3% f \3 YEF. @ Yeqeryer-1ane@ reierqnpe voltage drivengNetpork H0Q puudey datg drivers

03 B R AOI 00 A5 RE Ce

" (HaB~_@ | 10@deforerce 1048802 Matallin® 1@ Batioh TésistdR%83 (nd 504 1R¥&ehde link
termination resistors 507 and 508, and receivers 535-545. Network 500 operates and is
made in a manner similar to network 400 and need not be described in greﬁter detail,

25  here. The reference voltage drivers behave as a noise coupiing.circuit by coupling
~ noise in an integrated circuit to the reference voltage line |
Salient differences between network 500 and network 400 will now be

described. For example, instead of applying a voltage greater than the reference

voltage, Vref, to a termination resistor on ine 502, a voltage substantial equal to Vref is
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| P! 109%& § ) -insub®fifti4l)DCicurt &bl o) thrdu shO%E rdnrimatiba réﬁsté&f bohAd s WreMA:a8Y99: K;

<dE-_@ !' 109% () f#&] 1 109%& ()-1!10% ()- 10%& () - |
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T010%& ()- 1 010V AU A4 esERaad 44 Mot 20 gy ingdedne degs line and one

0/ AAB4 CADDKSE 4
;,Lt 109%&' ()-0! # 1%&%1% 1%‘8&@?;13"’1}'5%': gﬁgﬁ‘hé&b#%%ﬁ g 5215121 sﬂmt of the present

109 ()-11j j m\i@w @ycmnm@!mm(t)uelemwmm fving fd) BaroAtRat) }ma@ﬁﬁ@s&e( ) - CHHH
0 O T 28 b bl SR ol
10 10r K
7?&’{%3&( % ; |_ gqn%gg%p%%h r}é%\fg%) C_@%&O)i(t)}%ﬁ i; : Stgmatlvg embodiments may have
10%b& () - !ébﬁ@hliow discreBRR)eneh REESitsi@st€adIdY integrated circuits coupled to the data
+ P 10% () -Hn:L the re e;e%lgg/%;l ag-e(iin%g{& ()-110% ()-w 10
Figure 6 illustrates a parallel terminated network for an alternative embodiment
71.5 in accordance with the present invention. Network 600 includgs_three separaté
integrated circuits 650, 660, and 670, each of which has a data driver, a receiver, and a
noise coupling circuif. Network 600 includes data drivers 605, 610, and 615, noise
coupling circuits 620-630, data line 601, reference voltage line (reference liné) 602,
data line termination resistors 603 and 604, re_ference line termination resi;tors 607 and
20 608, and receivers 635-545. Network 600 operates and is made_ in a manner similar to
network 500 and need not be described in greater detail, here'.
Salient dlf'ferences between network 600 and network 500 will now be
descrlbed For example, instead of having reference voltage dnvers that generate a
reference voltage and couple noise from each integrated circuit to the reference voltage
25  line, network 600 includes noise coupling circuits that couple noise to the reference
voltage line from the int_egrated circuits that are driving the data line. |
Noise coupling circuit 620 includes a resistor Rdn" 622 which substantially
matches Rup' and Rdn' of driver 605. Circuit 620 includes a capacitor 621 whlich

- couples Rdn" 622 to reference line 602. The noise in circuit 620 is coupled to reference

30  line 602 when switch 623 is closed and driver '_605 is driving data line 601. To allow’
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reflect the noise in each of the integrated circuits 650, 660, and 670 when the noise
circuits 620, 625, and 630, respectively, couple the noise of each integrated circuit to
10 - reference line 602.

While the above description of network 600 only included one data line and one
reference {foitage tine, it should be appreciated that the scope and spirit of the present
invention encompass alternative embodiments having different data line and reference
voltage line ratios. For example, altemative embodiments may have two or more data

15 lines for each reference voltage iine. Additionéliy, alternative embodiments may have
conventional discrete element circuits instead of integrated circuits coupled to the data
line(s) and the reference voltage line(s).

Figure 7 illustrates a parallel terminated network for an alternative

embodiment in accordance with the present invention. Network 700 includes three

20 separate integrated circuits 750, 760, and 770, each of which has a data driver, a
receiver, and a noise coupling circuit. Network 700 includes data drivers 705, 710, and
715, noise coupling.circuits 720-730, data line 701, reference voitage line (reference
line) 702, data line termination resistors 703 and 704, reference line termination
resistors. 707 and 708, and receivers 735-745. Network 700 operates and is made in a

25 manner similar to network 600 and need not be described in greater detail, here.

Salient differences between network 700 and network 600 will now be
described. For example, instead 6f placing a resistor and switch in the noise coupling
circuit which substantially matches Rup' and Rdn' of the data driver, the noise coupling
circuit includes a driver that is substantially similar to the data driver but which is

30 always dniven with a constant (high or low) input such that the driver is consistently
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Rdn' of driver 705. Circuit 720 includes a capacitor 721 which couples driver 722 to
reference line 702. The noise in circuit 720 is coupled to reference line 702 when
dfiver 705 is driving data line 701. When driver 705 is not driving data line 701
10 driver722 is tri-stated such that it does not couple noise through capacitor 721 to line
702. Noise coupling circuits 725 and 730 operate in a similar manner to circuit 720 and
need not be described in greater detail.
The reference voltage is supplied to reference line 702 by applying a voltage
substantially equal to Vref to the termination resistors. Line 702 will substantially
15  remain at Vref due to the voltage applied to the termination resistors but will also
reflect the noise in each of the integrated circuits 750, 760, and 770 when the noise
circuits 720, 725, and 730, respectively, couple the noise of each integrated circuit to
reference line 702,
While the above description of network 700 only included one data line and one
20 reference voltage line, it should be appreciated that the scope and spirit of the present
invention encompass alternative embodiments having different data line and reference
voltage line ratios. For example, alternative embodiments may have two or more data
lines for each reference voltage line. Additionally, alternative embodiments may have
conventional discrete element circuits instead of integrated circuits coupled to the data
25  line(s) and the reference voltage line(s).
Given the above description of networks 600 and 700 it should be appreciated
that other networks herein may benefit from the noise coupling features of these
networks. With regards to network 200 of Figure 2 it should be appreciated that for an

alternative embodiment, some of the Vref drivers can be replaced by either the noise

30  coupling circuits of network 600 of Figure 6 or the noise coupling circuits of network
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should be appreciated that for an alternative embodiment, the Vref drivers can be
replaced by either the noise coupling circuits of network 600 or the noise coupling circuits

5 of network 700. For example, driver 420 can be replaced by noise-coupling circuit 620 or
noise coupling circuit 720. With regards to network 500 of Figure 4 it should be
appreciated that for an altemative embodiment, the Vref drivers can be replaced by either
the noise coupling circuits of network 600 or the noise coupling circuits of network 700.
For example, driver 520 can be replaced by noise coupling circuit 620 or noise coupling

10 circuit 720.
Noise coupimg circuits are defined herem to cover both the Vref dnvers of Figures
2, 3 4, and 5, which couple noise as well as generate reference voltages, and the noise
couplmg circuits Wthh substanually only couple noise.
Thus, 2 method and apparatus for generating reference voltages has been
15  described. Although the present invention has been described with reference 10 specific
exemplary embodiments, it will be appreciated by one of ordinary skill in the art that
various modifications and changes may be made to these embodiments without departing
from the broader spirit and scope of the invention as set forth in the claims. Accordingl_\},
the specification and drawings are to be regarded in an illustrative rather than a restrictive

- 20 sense.
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What is claimed is:.

L. A circuit that is to be coupled to a reference voltage line, comprising:

a noise coupling circuit that is to couple noise from the circuit to the reference
voltage line based upon whether a driver is driving a data line; and

wherein the reference voltage line is coupled both high and low responsive to

the noise.

2. The circuit of claim 1, further comprising:
a reference voltage keeper that is to maintain a reference voltage on the

reference voltage line when the driver is not driving the data line.

3. The circuit of claim 1, wherein the noise coupling circuit is to also
produce a reference voltage on the reference voltage line based upon whether the

driver is driving the data line,

4. The circuit of claim 1, further comprising the driver.

5. The circuit of claim 1, wherein the noise coupling circuit has a noise

circuit impedance that substantially matches a driver impedance of the driver.

6. The circuit of claim 4, further comprising:
areceiver; and
wherein the receiver receives signals from the reference voltage line and the

data line.
7. The circut of claim 1, wherein the noise coupling circuit includes a
noise driver that is substantially similar to the driver and that is capacitively coupled

to the reference voltage line based upon whether the driver is driving the data line.

8. The circuit of claim 1, wherein the noise coupling circuit includes a

resistor having a first end that is coupled to ground and a second end that is

-18-
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capacitively coupled to the reference voltage line based upon whether the driver is

driving the data line.

9. The circuit of claim 1, wherein the noise coupling circuit includes a
5  voltage divider circuit that is coupled to the reference voltage line based upon whether

the driver is driving the data line.

10. A bus, comprising:
a data line;
10 a reference voltage line;

a first circuit including a first driver and a first noise coupling circuit that is to
couple noise from the first circuit to the reference voltage line based upon whether the
first driver is driving the data line; and

wherein the first circuif is coupled to the reference voltage both high and low

15  responsive to the noise.

11. The bus of claim 10, wherein the first noise coupling circuit is to also
generate a reference voltage on the reference voltage line when the first noise
coupling circuit is coupling noise from the first circuit to the reference voltage line.

20

12. The bus of claim 10, further comprising:

a second circuit including a second driver and a second noise coupling circuit
that is to couple noise from the second circuit to the reference voltage line based upon
whether the second driver is driving the data line.

25

13. The bus of claim 12, wherein the first driver drives the first data line

during a first time period and the second driver drives the data line during a second

time period, and the first time period and the second time period do not overlap.

30 14.  The bus of claim 13, wherein the second noise coupling circuit is to
also generate a reference voltage on the reference voltage line when the second noise
coupling circuit is coupling the noise from the second circuit to the reference voltage

Iine.
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15.  The bus of claim 14, further comprising:

a third circuit including a third driver and a third noise coupling circuit that is

to couple noise from the third circuit to the reference voltage line based upon whether

the third driver is driving the data line.

5
16. The bus of claim 15, wherein the third driver drives the data line
during a third time period that does not overlap with the first time period and the
second time period.
10 17. The bus of claim 16, wherein the third circuit is to also generate a

reference voltage on the reference voltage line when the third noise coupling circuit is

coupling the noise from the second circuit to the reference voltage line.

18. The bus of claim 17, wherein the first driver has a first driver

15 impedance that substantially matches a first noise circuit impedance of the first noise
coupling circuit, the second driver has a second driver impedance that substantially
matches a second noise circuit impedance of the second noise coupling circuit, the
third driver has a third driver impedance that substantially matches a third noise

circuit impedance of the third noise coupling circuit.

20
19.  The bus of claim 10, wherein the first noise coupling circuit has a first
noise circuit impedance that substantially matches a first driver impedance of the first
driver.
25 20.  The bus of claim 10, wherein the first noise coupling circuit includes a

first receiver that receives a reference signal from the reference voltage line and a data

signal from the data line.

21.  The bus of claim 10, wherein the reference voltage line has a first end

30 and a second end each of which is to recetve a reference voltage.

22,  The bus of claim 21, further comprising:

-20-
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a first voltage divider circuit coupled to the first end and having a first divider
circuit impedance that substantially matches a first driver impedance of the first
driver;

a second voltage divider circuit coupled to the second end and having a second

divider circuit impedance that substantially matches the first driver impedance.

23. The bus of claim 22, wherein the first end and the second end receive
the reference voltage from the first voltage divider circuit and the second voltage

divider circuit, respectively.

24, The bus of claim 21, further comprising:

a first termination resistor coupled to the first end and having a first
termination impedance that substantially matches a first driver impedance of the first
driver;

a second termination resistor coupled to the second end and having a second

termination impedance that substan{ially matches the first driver impedance.

25. The bus of claim 24, wherein the first termination resistor and the
second termination resistor are to receive a voltage that is larger than the reference

voltage.

26. The bus of claim 24, wherein the first termination resistor and the
second termination resistor are to receive a voltage that is substantially equal to the

reference voltage.

27. A method for communicating signals across a bus, the method
comprising:

driving a data line with a first driver in a first circut;

coupling noise from the first circuit to a reference line based upon whether the
first driver is driving the data line; and

coupling the reference line voltage magnitude in either direction to match the

effect of noise on the data line.

21-

10%
"10%
Co !



U& ()-17 10% U U& ()-2z!'c1"10% U U& ()- )cl1"10%& ()-/10% U& ()-XO"2?2QF; 0 !
110%r& ()-10%r& ()-\v10%r& ()-!Bl 3"10%r& ()-FIP 10%r*r& ()-F
j10%r& ()-a~aBQF; 0 ! 1L!v10%r& ()- 10%ré& ()- 010%r&'@)zduibw()-ls
10%r& ()-3 10% & ()-fdEQF; 0 | 1Y.10%r& ()-,10%r& ()-+J10%r& ()-

10%r& ()-#&"10%r& ()-$J10%r& ()-'-aBQF, 0 ! 11;10%r& ()-

910%r& ()-810%r& ()-610%r& ()-13 10%r*r& ()- 1f10%r&'()--2-aBQ:;0! 11 ;

10%r & 910 & . -
R e e

"Headi ng B8lage ﬁ'dﬂeadirﬂgroﬁaga:geﬂém@'dnmhp 131 cl‘tcuiﬂ-teahh reder8@iedineeendheg 93] ¢ A

" Def aul t h .Font AOn! (1..ENWaj ! s| sV2H

"1E[n1|<2§ %@f?w@e@ @d?&%hrr‘f‘gw +J- " 1mA7<>/ AKEHr KvNQISMA[ ] d* Ke Ydhmnar vKy| D
[ NnZMeWQ#1- 26Ti mes New RomanArl al Courier New'h Root EntryWrdDocunent

I"#3UR ()*+,-./0123456789:

<=>? @BCDEFGH %L MNORORBINNOF Z§lbin 27 fadled ghininkisingo ppplsingy ewtg fepqupe

voltage from a first reference voltage keeper in the first circuit based upon whether

the first driver is driving the data line.

30.  The method of claim 27, further comprising:
10 driving the data line with a second driver in a second circuit;
coupling noise from the second circuit to the reference line based upon
whether the second driver is driving the data line; and
wherein the first driver and the second driver drive the data line during non-
overlapping periods of time.
15
31. A circuit of claim 1, wherein:

the impedance of the noise coupling circuit substantially matches the driver.

32. A circuit of claim 31, wherein:
20 the impedance of the noise coupling circuit substantially matches the driver

when pulling up and pulling down.

33. A circuit of claim 10, wherein:
the impedance of the first noise coupling circuit substantially matches the

25  driver.

34, A circuit of claim 33, wherein:
the impedance of the first noise coupling circuit substantially matches the
driver when pulling up and pulling down.
30
35. A method of claim 27, further comprising:
substantially matching the impedance of the first circuit to the impedance of

the first driver.
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