ST ST WO 01/47116 PCf/USOOR7590 DUAL PSEUDO REFERENCE VOLTAGE
GENERATI ON FOR RECEI VERS Field O The Invention The present invention
pertains to_the field of receivers. Mre particularly, the present

i nvention pBPPOY#H t o reference voltage generation for aPFEERREN 5
Background O The Invention Conponents coupled to data |ines of a bus
typically communicate using a digital signal that varies between a high
logic level and a low logic level. The high and low logic |evels are
typically represented by a high voltage and a | ow voltage on a data line,
respectively. To comuni cate between two chips, the driver in a first 10
chip will drive a signal that varies between the high and | ow vol tages onto
a data line of a bus. A receiver in a second chip (receiver chip) receives
t he 'signal and recognizes the logic | evel by conmparing the voltage |eve

of the signal to a reference voltage. After the receiver recognizes the

l ogic level, the logic level is 15 stored in a |atch and made avail able to
other elements in the receiver chip. For proper operation, the signal
shoul d have reached a stable level relatively close to the high or |ow

vol tage before the receiver captures the logic level (logic state) and
stores it. Unfortunately, the signal at the receiver does not change
cleanly froma low 20 voltage to a high voltage (or a high voltage to a

| ow vol tage) because of noise and SUBSTI TUTE SHEET (RULE 26) Wc) 01/47116
PCT/ US00/ 27 99GAL PSEYPOIKEFRRENCE VOLAAGESSENFRABTIOMFOR RECERVERS i od of tine
before the}ﬁ&@@@ﬁhpﬁéaﬁ%QChed arelatively stable |l evel. Due to noise and
ri ngback, ttrere its a perrod of tine during which it is relatively
uncertain (peri OHe gésenniagdntion périgins W1hé Feld of Reeifdrg Mbreipsrticaligve or bel ow the
reference voltage., This perjod of uncertainty affects the 5 frequency with
whi ch the dbgResentdnyention E@ﬁ‘"ﬁl&rﬁgé’l‘lcﬁY?@%W“%Tﬁé?“rf?we‘?ﬁéﬁef-ages. | ncr easi ng
periods of uncertainty typically require |ower frequencies for proper

5 Background Of The Invention

Components coupled to data lines of a bus typically communicate using a
digital signal that varies between a high logic tevel and a low logic level. The high
and low logic levels are typically represented by a high voltage and a low voltage on
a data line, respectively. To communicate between two chips, the driver in a first

10 chip will drive a signal that varies between
the high and low voltages onto a data line of a bus. A receiver in a second chip
(receiver chip) receives the signal and recognizes the logic level by comparing the
voltage level of the signal to
a reference voltage. After the receiver recognizes the logic level, the logic level is
15 stored in a latch and made available to other elements in the receiver chip. For
proper dperatiori, the signal _shoﬁl:i have reached é stable level rel_atively cldse to the
high or low vol.tage beforé the receiver captures the logic Ievél (logic stafe) aﬁd |
stores it.
Unfortunately, the signal at the receiver does not change cleanly from a low

20  voltage toa high voltage (or a high voltage to a low voltage) because of noise and
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operation. Lower frequencies result in relatively poor data throughput
which is wundesirable in neeting the increasing demand for high data

t hroughput iwobgsg' s high performance systens. 10 Ther ep@f/gsio/so0
techni ques for decreasing the period of uncertainty, thereby allow ng

hi'gher frequency signals to be used on the bus and inprovi ng perfornance.
The first techni que involves the receiver chip generating two reference

vol tages i magbagkgmaking iyBecesspry to apibfasgperivdnitimedeforpibe sighditver sel ects the
appropri at e. L&k ; i . [ : 64 O irhoe signal at
t he recei ve?e{é&]F%é%ggﬁ%;ég%??%f ﬁ%ﬁﬁgn%?ee%npgwgsa%é? %{%gf%tq% lgd sfténgl is alow
| ogi ¢ | evel dursgmdisbrit ie celdiyely uheantaindperagef ubdegaintyp ebetharthesadrnatiss t he | ow

vol tage reference, . maxi m.zi ng the ringbac rgin for.th arriving signal.
The 11 ngbactPREPgIIeY eFF&?{F'}ﬁg%8’&55-;5&8Bﬂ’%ﬁﬁg‘%&‘%ﬁ‘my&&%‘? al will likely
stay aboge frhpRetc@WithOlHigBe 86 CANGRICR ¥R M8 0W H8hfdhGAdeet i Ngback occurs.
If the previous state of the signal is a high logic l'evel represented by a

hi gh vol t agl@cressing neaogdsedf apcasipintyctypigally require fgvests freanensigiefor ePpstence, al so

maxi m zi ng I n‘gggg i rrivi i . ortunately,
gener at i ng‘% gdu% bvo re ﬁe@iﬁe@%%\}o ]tgééélsﬂglf @tpﬁéydra%gtgfb\yg&%éﬁplgp f oes not

provi de i nfwordesitablein mbeaing thehiacrasingaembrdidiot kigh kai thasughpe duwdayyg at t he
driver powey. | anes or on the data |ine. Consequently, these noise effects
cannot be aUBHRPZRANCESYSIHE. ot the receiver, making it difficult to operate

the driver at a Theledbd twaltdchhigGR fbr REMANMDhe JdIRd DEGREAIAOCREKE foOr
decreasing the period of uncertainty involves coupling the noise fromthe

power pl aneXlogingghepfrequencytsignals & begised orethe busand improviag eerfoymaeseat ed at t he

supsTi TuTe ey bR BESHENG S  aP Eedtip By okl flBeBO1E. O e
power pl anesstea of st cheireferenéesvobiagee fThe reativéyaelacts the iapprapriatevefetdnee noi se
effects at the drive accour}l

_ o i er ﬁortge edifoat nd relayed to the Leceiver,
decr easi ng foase agdiopdhepreyipusStategtss s 5"8{ cepske oraaqu?, % h 't he power
planes. [FhegrevicitsStatefithesAERSis b Tow\Rizic levdPlepR@scaftd b9 ot vdlfigs. e power supply
pl ane (Vcc plane) and the ground
receiver selects the low voltage reference, maximizing the ringback margin for the
arriving signal. The ringback margin is maximized because the arriving signal will
likely stay above the low voltage reference even when significant ringback occurs.
If the previous state of the signal is a high logic level represented by a high voltage,
20 the receiver selects the high voltage reference, also maximizing the ringback margin
for the arriving signal.
Unfortunately, generating the two reference voltages at the receiver chip does
not provide information about the noise effects that are occurring at the driver power
planes or on the data line. Consequently, these noise effects cannot be accounted for
25 atthe receiver, making it
difficult to operate the driver at a relatively high frequency.
The second technique for decreasing the period of uncertainty involves
coupling the noise from the power planes of the driver to a single reference voltage

generated at the driver. Generating the reference voltage at the driver and coupling

SUBSTITUTE SHEET (RULE 26)



5 plane (Vss plane): in both the power supply plane and the ground pl ane,
in neither plane, or in just one plane or the other but not both pl anes.
Unf or t unaggdereds coupling the noise fromboth planes tepcrusiongOe reference
voltage, the period of uncertainty for some cases is decreased while for;
other cases it may actually increase. Since the frequency of the driver .
depends upon.the worst case period of 10 .yncertainty, the driver frequency
will be r"gq %?n‘%c\?gf*&? PPYH, fﬁ?’& t ‘SF Agverds beap é‘t‘#x?&?a&‘sﬁa'bﬁ’ﬁ‘y‘”sp‘b? P¥F%rance. Since

gener at i RefedthIf (hedRUeLRYR WQAUHREES afll rdif}Rd iCTR eI ed HRIrGBinkYhd €qui res the
driver to operate at a relatively | ow frequency because t he noi se effects

at the dmpesedof usesstapngy fonserarieasesdpimepise in the ppwgr@lapes. athesgarefpous to generate

the refer S| . r ' r the noise
effects é:%m? e‘w?l"lli %grgcahﬁ(czﬁjo? fng‘HgFW& Suéﬁ’ﬂklg%gze\ﬁc\gﬁgt%lgﬁ%ﬁgﬁéﬁ n‘é{de) reference
vol t age tphae (Vesqllandp $n idtiethe fpb@etsupply plans end the gwuhd plahe in/aseithand Vss pl anes
requires ﬁﬁ?‘e driver to, o erﬂte at, a r%l tively lowfre %ency, it would be
advant ag@ATE & & JS8E Rlang B the ptberhut agy °§Tpl?fﬁsb‘“ W“Bﬁf’la ¥he Vcc and Vss

pl anes i Rodpliie M oisefRm B¥vpianaltd Q¥inkiRPertichdeRolthst, MRPeAdFot a rel atively
hi gher 20 frequency. Summary of the T'nvention According to one enbodi ment

of the i mpesyringnhfossame casestis devedasadi whilefopsbascases ippsyyaciwpbiine, a ground pl ane,
and a si t es tection by a

Foce: ver aeuE Hhnt BRI el GBARIRE 1R ooPERe pbibe 3L ™28 o

gener 30 e uacdriainsy, tisl dyivat fréqoerdgevilt be edlatzely loweresultirgtin selggbely dgoavi ng a present
and a previous voltage |levels. The signal source also includes a | ow

ref erenc®®fRMAe generator and a high reference vol tage generator, each

produci ng a | Gice ERIMAAE the riferlch@0RiBkdd Abthe plRdivar tipigdlyrequiieeiee Vol tage
signal, respectively, froma |low reference 3 SUBSTI TUTE SHEET (RULE 26) WO

01/ 47116 dAETYtogpene pEoBlatively faw fregugney Berayse thepebsesffectsauthsulriver espect i vel y.
The i oh F&iatfie@ i Atloide IiEnh sl &/ RhElEhedbleRite Hifiu&QHP) ed 0 the
ground plane and the power supply pfane, “respectively. &N gh reference
vol t ag® genemerttbat aiols acosuntiog/forefiecnoisecffecie mahadriver. Additionally, -
since generating a single reference voltage that includes the effect of noise in both
the Vcc and Vss planes requires the driver to operate at a relatively low frequency, it
would be advantageous to account for the effect of noise in both the Vcc and Vss
planes in a2 manner that would allow the driver to operate at a relatively higher

20 frequency.

Summary of the Invention
According to one embodiment of the invention a circuit including a power
supply plane, a ground plane, and a signal source that generates reference voltages
for detection by a receiver is described. The signal source includes a driver adapted
25 to generate a first signal to the receiver, the first signal having a present and a
previous voltage levels. The signal source also includes a low reference voltage
generator and a high reference voltage generator, each producing a low reference

voltage signal and a high reference voltage signal, respectively, from a low reference
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are capabl e of comruni cating the high reference voltage signal and the | ow
5 reference voltage signal to the receiver. Brief Description of the
Drawi ngs They@ppgeit invention is illustrated by way of eygppbfnzepd not

limtation, in the figures of the acconpanying draw ngs in which: Figure 1
ilMTustrates a timing diagramfor a rising edge signal and a si ngle 10
reference voltage; Figure 2a illustrates a timng diagramfor a rising edge

si gnal conp@¥tee apga high seferengeytoub respestivady. v Bia higlersferericg owtputand thel ust rates a
tim ng di ag |, ] j I one. of two reference
vol t ages; | %e%g{ng@%lgﬂt la{e{}:g ?‘?g(tggstﬂasqﬁ?nr%p?\%gg?%%?gén‘g?rg}l ppgy P 'I%P‘T'i ng edge

si gnal t hat resgecticdyrpErediht refecenpesenitdge gentratagand b nasferentd@nedaori nf | uenced

i se | - Fi 3p il ustrat timi
0 agr am t or 3% STl Ap cuttgnic R e NdhiEieate oA AL 116 B B¥endos vl { age
reference t hfdredcs volhlsk e @FthBYecki0érse i n the power and 20 ground planes;

Figure 3c illustrates a timng diagramfor a falling edge signal that is
conpared to a pseudo-voltage reference that is influenced by noise in the

round | apg.¢ . I ates a timng diagramfor a rising edge
gi gnal tE\at ﬁﬁeﬂf S SEwl Drddih seudo-vol tage reference that is influenced
by noise in the Thepuseht inleative;is Fugtied byavaylof excdntpdd, @d ot liiatieh, @i agram for a
falling edg §i nal ﬁhat is conpared. to a pseudo-voltage reference that is
i nfluen; cd ‘ﬁ‘g’r"%‘éft TACHBPITS NG AraWANSS IBEHCUTE SHEET (RULE 26) WD 01/47116

PCT/ US00127590  mabd@d:ilifstiaies Stidingididerit foRh BSingeddeWind s 3giaf for a rising
edge si qnal that TIs
0 reference voltage;

Figure 2a illustrates a timing diagram for a rising edge signal compared to
one of two reference voltages;

Figure 2b illustrates a timing diagram for a falling edge signal compared to
one of two reference voltages;

15 Figure 3a illustrates a timing diagram for a falling edge signal that is
compared to a pseudo-voltage reference that is influenced by noise in the power and
ground planes;

Figure 3b illustrates a timing diagram for a rising edge signal that is
compared to a pseudo-voltage reference that is influenced by noise in the power and

20  ground planes;

Figure 3c illustrates a timing diagram for a falling edge signal that is
compared to a pseudo-voltage reference that is influenced by noise in the ground
plane;

Figure 3d illustrates a timing diagram for a rising edge signal that is

25  compared to a pseudo-voltage reference that is influenced by noise in the ground
plane;

Figure 3e illustrates a timing diagram for a falling edge signal that is

compared to a pseudo-voltage reference that is influenced by noise in the power
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conpared to a pseudo-voltage reference that is influenced by noise in the

power plane; 5 Figure 3g illustrates a timng diagramfor a falling edge
si gnal thatobma7igonpared to a pseudo-vol tage reference tw@tusosrisod | uenced
by power supply collapse; Figure 4a illustrates a block diagram of a dual

4

reference voltage generator.for one enbodi nent of the present invention;
Fi gure 4hp’*| |ustrates an electrical diagramof a |ow reference voltage 10
gener at or PI3F one enbodi ment of the present invention; Figure 4c

i ITustrates anpglug€sfillGarated h FeiRdUiRiraf 10 DiksinLLMRE SidRA the0lt age  gener at or
for another enbodi nent of the present invention; Figure 5 illustrates a bus

i ncl udi ng campared toragiseydoriodiageretesagee denie inftugnced hy noise rtieipewerwi t h an

enbodi men Ia?:I:- the present invention; and 15 Figure 6 illustrates a receiver
in accordance with an enbodi nent of the present invention; Figure 7a
illustrates a Figiradg diustgatan tinting diagahl fong talldgedge gaall thahidt i1s  conpared to
one of two Iﬁseu o-vol‘tégg\‘% r ef e}:ence% one of V\:g'éch is influenced by noise
in the gr GAMBATEY RApseusts-eltagr referqnes that)s fnfliensed by powensyPRIY SeffaRM for a ri si ng

edge signal thplguksda FROPAEADISR PRFarPbf § Wi REGEHE viIRIk 38Rrdi&f €7 ences one
of which is influenced by noise in the power plane; |§I gure 7c illustrates

a tining doryesmbodiment of sheirresgntduipationignal that is conpared to one of two
pseudo-vol tagegigg.wwgg.&?ﬁ@% flctritll dilledeR of RloWHERFGE Wftap€® NO1SE 11 Lhe
[ | a atlimng diagra

ground pl ane; ure ustrates m ftor=a rising edge
si gnal 1@ haendrator foooqrandddinenosfahopretenvinpariodo- vol t age ref erences one of -

which is influenced, by noise jn the.groun | ane; Figure 7e illustrates a
Limng di agr amf e 4 S4aesge ét?&é‘cgid&?rééﬁm phebuf hirgtce $sse| Ture SrEET (RULE
26) WO 01/urckbr BOFdrowheP BhBoddAbht of the present invention;
Figure 5 illustrates a bus including a dual reference voltage generator in
accordance with an embodiment of the present invention; and
5 Figure 6 illustrates a receiver in accordance with an embodiment of the
present invention;
Figure 7a illustrates a timing diagram for a falling edge signal that is
compared to one of two pseudo-voltage references one of which is influenced by
noise in the ground plane;
20 Figure 7b illustrates a timing diagram for a rising edge signal that is
compared to one of two pseudo-voltage references one of which is influenced by
noise in the power plane;
Figure 7c illustrates a timing diagram for a falling edge signal that is

compared to one of two pseudo-voltage references one of which is influenced by

(8]
L7

noise in the ground plane:

Figure 7d illustrates a timing diagram for a rising edge signal that is
compared to one of two pseudo-voltage references one of which is influenced by
noise in the ground plane;

Figure 7e illustrates a timing diagram for a falling edge signal that is
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conpared to one of two pseudo- voltage references one of which is

i nfl uenced by noise in the power plane; Figure 7f illustrates a timng
di agram f or wo gi4shmé&g edge signal that is conpared to onepaifusoo7590
pseudo-vol tage references one of which is influenced by 5 noise in the

pdwer pl ane; and Figure 7g ill ustrates atimng diagramfor a falling edge
signal that is onpared to o seudo e references when there
is power su??&p?regé%n? °a°§§‘§°p ‘?‘%ﬂ’qq fspot“ﬁ?ﬁw&'ﬁﬁ% H@‘feﬁ‘fﬁ nd appar at us

for detectifkeSh g;gq,gwle,ep{ﬁies is described. In the follow ng description,
for purposes of explanation, nunerous specific details are set forth in
order to provi d@lwwﬁﬁﬂbweﬁ@ém@@ﬁﬂmr{@fW‘lft&*@gﬁ)ﬁ‘éﬁﬁﬁt Isnventl on. It will

be evi dent, g% one o(}t\%' eﬁéfd Lc{lﬁg JePor bl G bor %ni%fx 1st:nﬁuetﬁ i nventi on
i'ced i n any I

may be prac e ra circurt or discrete e nt circuit
conpri si ig ﬁhﬁ:rmme&)oibﬁr;ﬂmharﬂls for exanple, discrete tran5| stors,

resistors and capacitors wthout, t e ecific detal In other

i nstances wel | Ki8Ws 6;5’3%5%{?*%@“‘@ W@WFU%E*"%HH’%@%‘?%@? g‘f’b‘ not shown in
order to avQth,ase bhd dtewd PRulddV&iakd Rfkrendef Widnithge g%&b@ﬁp@fyl a tining
diagram for a rising edge signal conpared wth a single reference voltage

is illustrataddpseTi m ng di agram 100 is representative 20 of the timng

diagramfor a receiver that receives a single voltage reference and an

i nput signal indicative of either a lowlogic |evel or a high logic |evel.

A receiver D@ﬂ)&d&ésmm such as an op-anp, can detect the logic | evel of
| ustrated in

th | t t h f .t
Filgure 10 due ok et ACkerviohs b AgRng g ry s FOFAalPh bet veen ¢ he
vol tage ref gigRf d@é@h?flan Pd?(éuxrpbﬁs §f SpfrhatiofonH@sussPRIR: defail@eser I N t he

vol tage reference or the sig he margin can decrease or becone zero,
maki ng it niwddsendgr tporanider thnwugh ugderdpndingnf thepresentdmentionerlewils  confi dence

noeded to.r Saiend bl otddied (AR o 1A oref R MEAEAIY b "7 TTE
gna &t the receiver
(tsinme 6 SUE&EIHC'EHJ?EEnﬁHEE;FatéMcEJt Bﬁ(}lscrete element circuit comprising elements
15 such as, for example, discrete transistors, resistors and capacitors without these
specific details. In other instances well known operations, functions and devices are
not shown in order to avoid obscuring the invention.
Referring to Figure 1. a timing diagram for a rising edge signal compared
with a single reference voltage is illustrated. Timing diagram 100 is representative
20 of the timing diagram for a receiver that receives a single voltage reference and an
input signal indicative of either a low logic level or a high logic level. A receiver
{not shown), such as an op-amp, can detect the logic level of the signal by
comparing it to the reference voltage. As illustrated in Figure I, due to ringback
there is relatively little margin between the voltage reference (Vref) and the signal.
25 When there is noise in the voltage reference or the signal the margin can decrease or
become zero, making it necessary to wait until after time t3 before there is
confidence that the signal is a high logic level signal. Consequently, the time

needed to recognize reliably the logic level of the signal at the receiver (time
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WO 01/47116 PCT/ USOCO 27590 w ndow) will have to be | engthened because of
the uncertainty in the logic |evel of the signal in the tinme period between

time ti aRdoid#irs t3. If the period of wuncertainty can perdéwpensed, the
time wi ndow can al so be decreased, allowing faster switching tinmes for the

signal and a corresponding increase in the throughput 5 on a bus. Figure'1
illustrates, a propl em assocj at wth using a single referenge voltage
gener at edndow) Wél?F%'Eé‘?' 6%@@4"1*}‘?3%5‘@?‘?%“&“ Preaaty 3 'ili‘nggé%l'ﬁ"%Sgt ypical l'y

decr easeheQy:ngIS A feattrhdiskrdt bbfRen fife B dANinteNd. @ thé f‘é’rﬁ:ﬂtofr ef erence vol tages’
i nstead of one. Usi nca; two reference voltages will allow |arger margins

bet ween ancsrtginty caphel decreas¢ds thertisee winpew gan alsh be degreagd dillawingns f or si gnal s
whi ch ar 0 red ‘L - Vol t descri bed bel ow.
Ref erri ngas%(r)g@?cé‘b"rée&@eé?g@h?;'hé ‘}ri:g“‘g’?é°§§°§$ﬁ’%?8‘#q'é°'%g§f“ﬁ§£ @‘6"5‘&% uﬁgnal conpar ed
t 0 one& obntbos. rEigeredntiastraedst ages, VIiow and Vhigh, is illustrated. A
receiver (no shown such as .an op-anp, can detect the lqgic |evel of the
signal b} p&?’?ﬁh?s‘??fgat%‘{ ‘f"‘f%“i‘-%g B 8F§?'ﬁ‘éce\YPBWeéﬁc“WF‘bH t&"‘e‘Fé‘?‘%‘ﬁce vol t age
~dependi ng upoPhd RLick SBifcettBNGIcan BE typRAIR} Socredfedith Gemdratii@lat fhdr i Ng the

precedi ng clock cycle. VIow and Vhigh are generated at the receiver and

not the deceivertworfTarent neferengea@!tages Fisigad of ang, Using two referbacek nargin at t2 is
| arger than the.ri s ol 300 Bl gu Lgh shoul d be expected
because Q 6%%‘%,1{;{(%@698%@?3&5{%&%9 ?t ?’Eﬁ?‘%‘ﬂ‘ég'l"?‘i %ﬁ%ﬁ%pgg%g ?‘lmth#‘lg di agram f or
a 20 fal diaagmasdgresighalyvelichcaverixampackdito onaef tabd réfaenceaioltagesare vol t ages. VI ow
and Vhi gl} .ﬁi rges arly, the ringback margin at tinme t2 is maxi m zed because
Vhi gh i s SRR SMan” Vref By maxinizing the ringback margin, the period of
uncertainty i AefdRmzeaFidihre 24. A0ANE eerRATTHO! MBRCRIge SiBndl BEmplRsL T | ption of
Figures 1, 2a, and 2b, the effect of noise is not taken 25 into account.
Noi se catp e of twa eefarenica volrgep Hhy and Bl ipillupteateda A reseivey{ertnd pl ane t hat
provi de ri-ver. Si I uently, the

S anal - 0D, s 1R CAE rt e RERGEALED ok E BhARH o BAESE O Y NG s
i n the sigeitier waylow ncYhigh esfoencdaoltape siependmg mporgiha Idgit st (ort he si gnal and -

the Vol t gk, HeRELSRT Siitd B Bkt GOS8t Ot lnd VST S2blitugnd decr easing
at the receiver and not the driver. As illustrated in Figure 2a, the ring back margin ’
at 12 is larger than the ringback margin at t2 in Figure 1, which should be expected
because Viow is lower than Vref. Figure 2b i!lustrates a timing diagram for a
20 falling edge signal compared to one of two reference voltages. Viow and Vhigh.
Similarly, the ringback margin at time t2 is maximized because Vhigh is higher than
Vref. By maximizing the ringback margin, the period of uncertainty is decreased,
improving performance.
In the description of Figures 1, 2a, and 2b, the effect of noise is not taken
25 into account. Noise can be present in the power sﬁpp]y plane and the ground plane
that provide power to the driver that gencrates the signal. Consequently, the signal
may fluctuate as it travels from one logic level to another. Noise in the signal may

increase or decrease the margin between the signal and the voltage reference,

increasing the period of uncertainty and decreasing the performance. To counteract
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7 SUBSTI TUTE SHEET' (RULE 26) WD 01/47116 PCT/ US00/ 27590 the change in
margin due to noise at the driver power supply and ground planes, a
reference veld@m@e1ss generated at the driver rather than p@fusdssisyer -
Additionally, the reference voltage generator is coupled to the power
supply plane and the ground plane such that the noise in the power supply
pl ane and the ground plane 5 changes the |evel of the reference voltage.
The coupl i neisBange Ermugis duefaeraissasthe dover sgeerunply andgrovritplates. 2l anes nay be
capacitive LD kg i i I i ch ove,, because of

noi se and mﬁ?%%car%ta cg)-li aer%%tg% g‘%@ﬁﬁéﬁ@%@‘ﬁ’?@gé&%‘? e‘?déiﬁoél lthﬁgle i's

i nfluenced teferenge saltagn séremtqrdsvaupled anbe pawe sappdeplademdied ow. 1t shoul d be
appreciated that the term plane does not necessarily inply a physical 10
geonetry. #Btﬂ%"?@?%‘} W%‘tq‘g‘i“’é%e n theiPAVHSURRI% § H‘Fﬁ'%dke%/{"f‘ PP edge signal
that is scommagedhdieveloPherdi@entehbiage TR QuFER el RS UlGetdgle )that is
influenced by noise. The falling edge signal i s pushed out because of

noi se ( push¥itagegensratps and the plangsanayhewepacitivp poupling. aFimigabagramnfprt he gr ound
pl ane (Vss);fad o6 ' : e ignal.. . The pseudo Vref has
noi se couplﬂel %o tE’%B“éﬁf&%@%@g’?ggﬁé@ggﬁé{%ﬁa%? ?{gé %pagsé%%wgﬁﬂg? to change as
a functi on ofer¢ree thadis Srfluefsed be qoisdinlths ponee plants hediesutibed bgowal 1ti Nt er sect s t he
pseudo Vref at,tl which s the same tinme at which the falljng edge signal

i ntersects ngﬁ%e?ﬂm?’atf%é‘P‘ép?@"ﬁg‘ﬁ?”t‘?cﬁkﬁég‘é‘ necesyaRy Tty hgbvsiseleded for the
recei verigt ogdotfeftgni ze the signal. 20 Figure 3b illustrates a timng diagram
for a rising edgthi Si %nal that is susceptible to noise and that is conpared
to a pseudo-volt edafillsereea ihiae diagragl fova fajlini|edgeigal gt ishe noi se. The

ri sing edge.si ly | 3 L D f LSE . . h in signal) in the
power suppl ¥ Bl anéoﬁicegyggﬁgé’% f}égg‘?gﬂ%%“’%ﬁgﬁg{“?ﬁéé‘@ﬁ“?ﬁé“"'a?i ver that
gener at es t Hee feiliggadue sighel ippetetbouvbehudeas nsied (pesheduplsadal) i thbe pseudo 25
Vref al so causin h udo Vref to,chan as .a function of the noise.
Consequent | @;’,W?E@Pbﬁﬂ@f&?‘ﬁ ag @ﬁéﬂwﬂ‘ﬁPlé?es‘g@i‘)é’?fh‘?éi”ﬁ%’é%é‘e'\ﬁ"’é?s %8 t1 which
is earlilor sighRnTHelpIBudo XreftAEnditdBufba WhCReddooviEplild Absifgge si gnal

intersects Vref. Thus, there is_
pseudo Vref to cilange as a function of the noise. Consequently,

the pushed out signal intersects the pseudo Vref at t1 which is the same time at
which the falling edge signal intersects Vref. Thus. there is no increase in the timing
needed for the receiver to recognize the signal.

20 Figure 3b illustrates a timing diagram for a rising edge signal that is
susceptible to noise and that is compared to a pseudo-voltage reference that is also
influenced by the noise. The rising edge signal is pushed in because of noise
(pushed in signal) in the power supply plane (Vcc) and the ground planc (Vss) of the
driver that generates the signal. The pseudo Vref has noise coupled to the pseudo

25 Vrefalso causing the pseudo Vref to change as a function of the noise.
Consequently, the pushed in signal intersects the pseudo Vref at t1 which is earlier
than time £2, the time at which the falling edge signal intersects Vref. Thus. there is
a decrease in the timing needed for the receiver to recognize the signal.

Figure 3c illustrates a timing diagram for a falling edge signal that is
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a decrease in the timng needed for the receiver to recognize the signal.
Figure 3c illustrates a timng diagramfor a falling, edge signal that is
8 SUBSTI wold4akEET (RULE 26) WO 01/ 47116 PCT/ USOQ 2759@cTRiseeeméo bl e to
noi se and that is conpared to a pseudo-voltage reference that is also

i nfluenced by the noise. The falling edge si gnal i s pushed out because of ’

noi se (pushed.gu nal,), in the ground é}g he driver that generates

the si gnaTusce?H@ tt(’p % dhasts %an'ﬁ‘efosaepsfg @5?6’ T’ﬂé’eﬂ?éﬁd&sovr ef al so

causi ng tiflughzedisioth¥h6ike. t TheFalliR@BdiR samalds bushed b@bebdusd g Se.

Consequently, the pushed out S|lgnal intersects the pseudo Vref at t2 whi ch
a

is later (PHEdepisienal) in thsgraundiplapg ofithe driver that generatesghasigral. Blieggnal
i ntersect %eycfoe@ref A 4ise LB th §1e%9?:ddgﬁ\{ g?%% daPTlfq h?‘r é%ée{,‘gQQ {ﬁgded for the

receiver to recogni ze the signa m ng di agram
for a bi sthaggesdgdumsitignmaf the haise. |@on$ﬁltxmscdmnubhed ouosimail inerssed thhat i s

conmpared to t that is.also,. Jnfl uenced by the

noi se. Th%se?(?s ’ﬁggggé"é g'sgﬁ%ﬂ{" ﬁ'ﬁén‘f ctf'g‘aatt}é‘ 3}@ ingedgs the  ground

pl ane of {ifal Midricets WrbRAIThIE MR @R infch@seSindNSiminEReEI¢E For thd1e pseudo Vref has
ground pl ane noi se coupl ed to the pseudo Vref causing the pseudo Vref to

change asreseifelftiervizsthe ignahoi se. Consequently, ‘the si gnal 15 intersects
the pseudo VI Gl suaniaela liing f(rrararﬁm risifieabe sighdlfhaf fs° AL whi ch L he
re er

rising edge signal intersects 'S an |ncrease in the

ti m ndOneadesgtibleto ndite and et isepmpaed toeqngumlozwmlmgereﬁargmathat Eh{;ur e 3e
illustrat 83, m.edb thgngil agflarpsf o4& L d & Si % is 20
suscept i bl'e nol &6 Fat' e $og e f‘ ectedhyd 'E)‘"%Fdf‘lt ge reference
that is ag.,rsmnd p’liﬂcl&ﬂ@%vh’jﬂhith@nera’léﬁ tlies:g,ﬂ_zflel-lflﬁ«bl'drrtﬂe F6& Sieghal 1S
unaffected b the noi s L@iepUShEd out signal) in the power supply plane of
the drivef™©Y a'ljé‘ﬁ@F&? ditp trepseida Vrefigdwider . t he pseudo Vref has power

supply pl @ppselad Q?et?@éiﬂhgéjas%%ﬁchﬁn BEGEAGise &) qs&ﬁgﬁhﬁ%ets %apSGUdO 25 Vref to
change as a function nol se. Consequent intersects the
15 intersects the
pseudo Vref at t2 which is later than time t1, the time at which the rising edge signal
intersects Vref. Thus, there is an increase in the timing needed for the receiver to
recognize the signal. _
Figure 3e illustrates a timing diagram for a falling edge signal that is
20 susceptible to noise
and that is compared to a pseudo-voltage reference that is also influenced by the
noise. The falling edge signal is unaffected by the noise ( pushed out signal) in the
power supply plane of the driver that generates the signal. However. the pseudo
Vref has power supply plane noise coupled to the pseudo Vref causing the pseudo
25 Vref'to change as a functioh of the noise. Consequently, the signal intersects the
pseudo Vref at t1 which is earlier than time t2, the time at which the falling edge
signal would have intersected Vref. Thus, there is a decrease in the timing needed

for the receiver to recognize the signal.

Figure 3f illustrates. a timing diagram for a rising edge signal that is
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pseudo Vref at t | which is earlier than tine t2, the tine at which the
falling edge signal would have intersected Vref. Thus, there is a decrease
inthe tim woireded for the receiver to recogni ze the spapmsoozBdgure 3f
illustrates, a timng diagramfor a rising edge signal that is 9

SUBSTI TUTE SHEET (RULE 26) WD 01/47116 PCT/ US00/ 27590 susceptible to noise

and that is _co red t.o a udo-vol e reference that Is.al.so influenced
byt he noi sBcerateio agise Pl Kbmkiet PaTshierioliriTtsnin b8 €¥%00i se i n t he
power suppl jflabrceébpihe hbige ATHeMBIngledgd sigRNE aifestel Becatide@fabise ifakever, the

pseudo Vref has power supply. plane noise coupled to the pseudo Vref causing
the pseudo Poveyswply pjane{tifcdriver thatgaprrateste ignal nHowees &he Rsglil®equent | y, the

signal inte Q ' | i ntimetl,
the tinme at V\?ﬁ?\gc%%gsufp i'ng é‘giég&“?fﬁﬁ%ﬂ’%et“g&ﬂ‘e%{‘ ?@%@%ps%s, there is a
decr ease Si nVtdiieo ¢hangerny afevetionoff the nditee Gopseguerly, the signad oogsricehe he si gnal .
Figure 3g illustrates.a,timng.diagramfor a falling edge that is

suscept i bl epsteB‘?" ?ffgﬁtd\’\évﬂ"cbdspﬁ?‘fr%ﬁf’ﬁlﬁg[eﬂ?;ﬁ"fﬁmt ﬁ&h‘qhgh%‘bﬁ%?dﬁﬁ to a

pseudo- vol t ggml inedr@icRNGES, tTihas, thePe B Qldecrbddd InROGRMgR¥edeld Gor RRVBEIVIHPP! Y

col  apse. "Power supply coll apse" describes the “condition where |arge

current dent@ieepspige Biesisadld Vss occur sinul taneously. Power supply col | apse

i s the nost Comglgfé%igsi sﬁ%ﬁp& txﬁxﬁg%?a%h%olrg?ﬂlﬁ&ee%ﬁriéﬁgﬂs %ﬁg&p&%rt@ processors.

Power supply coll3dpse™al so happen anal og cIrc 't ng 15 edge
signal i¥® ppsieeduppiit cobepsauasdthafis tdnepapaivie r psanppivyitage rdfapse thakHiswever , t he

pseudo Vref. i,s not affected. nsequenily, th shed out signal intersects
t he _pseudo'“bpgfe‘il?y ?‘Ep%‘fréﬂp‘&)“ﬁg&ér {’?}%ﬁﬁs?ﬂpﬁb‘%?\??set ‘rlﬁécrfqeﬁg'%at whi ch the
falling edgendaiot WakreWdté ehirRRav®RmaRds®InSR e afEl VI ®kur sihMinédd@lye i s an increase
in the timng needed for the receiver to recognize the signal. 20 As

descri bed abRves surpiisalgpssiis e BOpemEEN VPt exent ibidiw! dewigpt weh 850 both  pl anes
e ! TR o Sy SOOI BT PR S, TR AR
coupl ed ¥o edgpkigna is pusksiudut bavausic of thapoweredprtly collapsef blowavdr, thhie cases
' Tustrat edps%Ltl) 0 Vref is not affected. Consequently, the pushed out signal intersects the
pseudo Vref at t2 which is later than time t1, the time at which the falling edge
signal would have intersected Vref. Thus there is an increase in the timing needed
for the receiver to recognize the signal.
20 As described above, having single pseudo Vref which is coupled to both
planes does not improve timing in all cases illustrated above. The present invention
provides two reference voltages each of which is separately coupled to a plane,
resulting in improved timing for all the cases illustrated above.
Figure 4a illustrates reference voltage generators in accordance with an
25 embodiment of the present invention. Reference voltage generator 400 includes a
low reference voltage generator 412, a high reference voltage generator 414, power
supply plane (Vcc) 410, ground supply plane (Vss) 420, and coupling capacitors 416
and 418. Voltage generator 412 is coupled to power supply plane 410 and ground

supply plane 420 and produces a low voltage signal (Vlow) at low reference output

10
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Figure 4a illustrates reference voltage generators in accordance with an

25 enbodi nent of the present invention. Reference voltage generator 400

i ncl udes WOaI8wi6 ef er ence vol tage generator 412, a hi ghpcefuses21s vol t age
generator 414, power supply plane (Vcc) 410, ground supply plane (Vss)
420, and coupling capacitors 416 and 418. Vol tage generator 412 is coupl ed

to power p . l.v.. Rl and produces a | ow
vol t age sﬁghgl‘y%@(ﬁfppﬁﬁf‘%&gP@¥°§F£ﬂ%s 'gﬁ&p‘%fsei’gﬁggéégﬁ“ E SHEET (RULE
26) WO 0ptanEisi@upled tdis@t 2 TH@ing ebbplingldapagionkrs dlopiig/Viphase is typically :
noi sy. The noise in the power syppl |.ane i s_coupled to output 413 using
coupl i ng cgﬁ'ﬁﬁéﬁnfrﬁ?seﬂ ecéé)afﬂ\ﬂe?@g@ﬂé%f“?ﬁ’e "8ﬁ§n§'@°?£ﬂ%‘"r‘%§%‘@' Recr ease)
dependi Nghai@der AIBECHAIREE Becaid WTRoRe il UER4 10060MliAL fdlsdi vt Ao g | ver al so
changes because of nolse in Vcc*410, coupling noise in Vcc 410 to 5 VIow

al | ows® VIO aHews Wlowsang ik signahgangrated byyhe driveriioi maintaine mai ntai n a

predeterggr&%%nmwjn rginV0| tage generator 414 is coupled to power supply
pl ane 410 and groun supply plane 420 and produces a hi gh vol tage signal

(Vhi gh) at hi Yoltagfgenemoed14as tqupled4d powerhsepmly planel4 Kugadigyoupdane i s typical ly

noi sy. The noise in the ground.10 suppl ne . is coupled to high reference
out put 4f§p'ﬂ%f’%5e%@Lﬁﬁpipf?g“‘éeéﬂg'éﬁjh[vd’?tag‘%@/".agm)ﬁb}.‘_'%f e} change (increase
or decr eatutput 4D aMdighand RPply NsheNOyPRalOAASE The ndistifthe GRKIRG at ed by the
driver al so changes because of noise in V.-'s 420, coupling noise in Vss

420 t &9 viireply plepgiisonpieddn highdefereacesquipg 1 Yyusing couplingsapaditer Hi8 ver to
mai Nt ai N ,fo; - Ihede FRLG ' o esq.a vol tage
generatora ?orngﬁ%%%ﬁﬁﬁrwg %t er%greggé[%{' ér,t]% Hbéenﬁtﬁ |L éﬁ?e'%ﬁeélge gener at or
412 i ncl siwal generated by thedriddradso charZes beveusé bPaoisehadMss 620, codpdinir ansi st or s

412a, 412 ang 4 a,voltage d .across the transistor. The voltage
drops aré ief"ﬂ?\%‘téﬁﬁo Q@Bﬁ%‘ﬁc\gplgfbg}dgﬁgflg?@,gcrgc]_rﬂ{ stF‘G\B’dYQ'i“’and | engt h of

the gat enaitiidl atphedleihinéDRarain. t he gate of the transistor. The gate of
transistor 412a is 20 coupled to Vcc 410, while the gate of transistor 412b

i's colpl ed toFiRyEe #h Hiuftrasss 2 vohagryeaeraior for oae epkpdiment ghthe pessent r ansi st or  412c
i.s coupl gglehfor. NBItEeRieRertbr 4123RG RS Ransistors 412a, 412b and 412¢. Each of

the transistors 412a, 412b, and 412c has a voltage drop across the transistor. The
voltage drops are a function of physical parameters, such as width and length of the
gate. and the voltage at the gate of the transistor. The gate of transistor 412a is

20 coupled to Vcc 410, while the gate of transistor 412b is coupled to the drain of
transistor 412a and the gate of transistor 412c is coupled to the drain of transistor
412b. Viow produced by generator 412 is the voltage drop across transistor 412c.

Figure 4c illustrates a voltage generator for another embodiment of the

present invention. Voltage generator 414 includes transistors 414a, 414b and 414c.

25  Each of the transistors 414a, 414b, and 414c has a-\)oltage drop across the transistor.
The voltage drops are a function of physical parameters, such as width and length of
the gate, and the voltage at the gate of the transistor. The g_ate_bf transistor 414a is
coupled to Vcc 410, while the gate of transistor 414b is coupled to the drain of

transistor 414a and the gate of transistor 414c is coupled to the drain of transistor

11
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412b. VI ow produced by generator 412 is the voltage drop across transistor
412c. Figure 4c illustrates a voltage generator for another enbodi nent of
the present,d ion. Voltage generator 414 includes trghsh 414a,
414b and 415@61)142@%'5%?1 of the transistors 414a, 414b, and 41%’23 5295 a

vol tage drop across the transistor. The voltage drops are a function of
physi cal paraneters, such as wdth and | ength of the gate, and the voltage
at the gat e4idb. Vhishtpredussddtvdienerqthed lgds e gpitase dropiadrosy trahgigar 44, coupl ed to
Vcc 410, while the gate of transistor 414b is coupled to the drain of
transi stor 414a and the gate of transistor 414c is coupled to the drain of

transistor 11 SulBNokbHedgettton4 (2Rt B12hgve WErieb4ibed & MGH WH8O/ 27590 414b.
Vhi gh produced, by' generator 414 is the voltage drop Toss transistor 414a.
Wi e vol t aisigeedngitenaive sabodimant pacholibegrneratory 52p baveddorAgyi ng t hr ee

transi St @r SgeubitrAlis@Blst SRl EuEdrRRd d}“ﬁﬂsttra%&fgrs%s %}J&g fc&ﬁ;%ﬁ@%ﬁ(e?_ can have

nore or 5 fewer transistors. Whi |'e the gate of eac the transi stors has
been coupl etie iwingiftah énmediately prespdingtfranaistor omtbel pawe|sypply Pamedinmg t r ansi st or or

t he power s I | an in.an alternative embodi ment th te of each of
the transi STL@B'?XV %/mqi?gh%egu%'fjégef’ éeaf{ﬁgﬁs‘%%w}sm%ﬁﬁn@e ‘fﬂuﬁlﬁgt of'® anot her

vol t age soupdwer suppiii flanedekdogher Whittab@sdub. tAdaiishallyDivhile thatrali@tdis t ype net al
oxide transistors, in an alternative enbodinent the transistors 10 can be
p-type met afanG&paRerPeiH ok ide Grusistarp i dtematvy emhpdinpahbe Fapsistor 2 and 414 can

gener at ot hgnhebayRHi&abQ1de RIRRIS | MBred R L RAASS: RhASH: s34 LNPSH Suppl i ed by

Vcc and Vss. Figure S5 illustrates a bus in atcordance wth an enbodi nent
of the presgenerateitipreferanomvolBges uSiog voltgesatks theintlese suppbidd tanVdecaindcui t  552.
Crcuit 551VcomTuni cates 15 data to circuit 552 using data |lines 201a,
201b, 201c, '8hd 201d. In an alternative enbodi ment, data |ines 201 a, 201

b, 201 c, and 2@gdte afkustrhtedi KRG horhncaiwiMin RebodimefiW thepededl0 COmMmuNi cat e
data to circuit, 551. Circuits 551 _and 552 can be a rocessor, an
i nput / out puPveHiPR) Buso9P inglydss cirayit §p b crguit b2y Cirguits NSt a  menory

cont 1 ol &1, 4o 6 3l 530usiAR HRta RQIA01£56 061k BOYA ) ah AbmAlRRCS L0 20
comuni cate wth another Tircuit or device using a data line. Grcuit 551
i ncl udes  embodiment, data lines 201a, 201b, 201¢, and 201d are bi-directional allowing
circuit 552 to communicate data to circuit 551. Circuits 551 and 552 can be a
processor, an input/output (i/0) controller, a graphics chip, a memory circuit, a
memory controller, a cache, or some other circuit or device that needs to
20 communicale with another circuit or device using a data line. Circuit 551 includes
driver 510, 520, 530, and 540, clock line 507, low reference voltage generator 412,
high reference voltage generator 414, power supply plane 410, ground supply plane
420, and coupling capacitors 416 and 418. Drivers 510, 520, 530, and 540
communicate data received on their respective inputs to circuit 552 using lines 201a,
25 20lb, 201c, and 201d (201a-d). Clock line 507 enables drivers 510, 520, 530, and
540 to output the signal received at their respective inputs. Drivers 510, 520, 530,
and 540 receive power from power supply plane 410 and ground supply plane 420.

Planes 410 and 420 typically include noise which may cause the signals driven by

the drivers onto lines 201a-d to fluctuate. Generators 412 and 414 and coupling
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driver 510, 520, 530, and 540, clock line 507, |ow reference voltage
generator 412, high reference voltage generator 414, power supply plane
410, grouw®udpipéy pl ane 420. and coupling capacitors 2TCGASMRTE8. Drivers
510, 520, 530, and 540 conmuni cate data received on their respective inputs
to circuit 552 using lines 201a, 25 201b, 201 c, and 20l d (201 a-d). )

G ock li F&szrs%ﬁaghﬁmd&deﬁ% n tﬁe]sqmeﬁré?mel%é(aesgﬁg& @ggg in})c%ar?e%%igut the signal

received at their respective 1nputs. I'vers thd 540
recei ve puiieFighrodn. fisabowudemdriptiph afgendhfdradid apd dihshdsasppling pl ane 420.

Pl anes 410 and 420 typjcally Jinclude noi se which may cause the signals
driven bycap?qgt rscfﬁlgégcxgisdﬁf'ﬁy"ldfsﬂgge2@‘1‘ a-d to fluctuate. Generators 412 and
414 and coupl iQiguit352 WS réséler S5B:560,(5afd 860, AMELi0drs 430 58o PCT/ US00/ 27590

capacitors 416 and 418 operate in the sane manner as described above in
connect i on0- 3RO pecgiye hesignaly fommdrinees 2105230 B0, and 240 aedines 2Qler s 412 and 414
and coupld NekceivaRaSh 1sghS 416 and 418 is included here also. Circuit 552
"ncl udes & aere®3E0 0.0 570 and 580. Receivers 580, 260, S 570, and 580
recei ve ti78, @idgi8aireceive powelrfrone peweé 50ppl 2 alane ABGind grodin@ ééppbiplhdenes 20la- d.
Recei ver s.25 5 570,..and. .5 receive power om r. supply plane 504
and grounsc?é'sgsiﬂ ‘?ﬁo’fﬁea’ﬁg Ssgogs'o, cﬁ"‘gﬁoﬁ%@éﬁ'\?é’%b&bﬁ“ﬁ)’%@ 570, and 580 al so
recei ves Qéhaﬂtedﬁﬁgéﬂ&z_ﬂ&‘rs4®mrﬁﬂe¢tmsigﬁlﬁ@&%%ﬂﬁgs.’ﬁﬂg-_d414; I'f the |
signals received on lines 20l a-d 10 fluctuate due to noise in Vcc 410 and

Vss 430, RucBiprecivg tomign licr #1dangoV 51438 Vlaweand Natehwdl alse flupateapaci ti ve
coupling ﬂe@auYEGftﬂé-Qapﬁa Vé/&’%Pﬁrt?Hﬁo RY 466 c{)QslehagBﬁ/g?mro?ﬁ%gﬁé of coupling.

control can be achieved ove e marglin between eren vol t ages VI ow
(or Vhi gfmauntiofzouplipgatontr@l aac ke hehieyed 0erehreabirem beswen wdgrende50, 560, 570,

and 580 t e he,lagic, |l evels of the. s |s receiyved fromdrivers

210, 220,‘}%@5‘%%‘?‘” °nr§l a?)‘haf'f’ﬁaé'scg’(ﬁl_’tﬁlagéﬁsl‘??‘g@ﬁ%@ﬁ"(f'éﬁ %l/seo B to out put

si gnal s i70] @dt580 € ddtect the lodiORVdls baKEsiEnal rebdiedTioadrivers Boetaoed from the
ignals indicative of the logic levels of the signals

(rjrei:\éue\rigd :%ngﬁ%'lzﬁg ofPgFedad resnssiaih b gndiomeputtigntsiodicaiveof thehown) i n
circuit S8gc idvas br Mk sichs FRGEL RS RS EhS TREL YRR ndLAN. 3Pfle VNI gh
logic levels of the signals received from the drivers are used by other elements (not
shown) in circuit 552. Each of the receivers selects between Viow and Vhigh
depending upon the logic level of the signal into the receiver during
20  the preceding clock cycle. When the logic level during the preceding clock cycle is
a logic high, the receiver selects Vlow to compare to the signal during the present
clock cycle. When the logic level during preceding clock cycle is a logic low. the
receiver selects Vhigh to compare to the signal during the present clock cycle.
Figure 6 illustrates in a receiver in accordance with an .émbodiment of the
25 present invention. Receiver 550 of Figure 5 is shown in greater detail in Figure 6.
Referring to Figure 6, receiver 550 is representative of receivers 560, 570, and 580.
Receiver 550 includes a switch 610, a latch 620, and a operational amplifier (op-
amp) 630. Op-amp 630 generates a signal indicative of the logic state of the signal

received on a line from the driver during a current clock cycle. Latch 620 stores the
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dependi ng upon the logic |evel of the signal into the receiver during 20
the preceding clock cycle. Wien the logic level during the precedi ng cl ock
cycle is awddenhi gh, the receiver selects VIow to conpecrusen21sbe si gnal
during.the present clock cycle. Wien the logic |evel during preceding
cl-ock cycle is a logic low, the receiver selects Vhigh to conpare to the

signal during.the sent .clack.cycle.. Figure 6 illustrates kn a receiver
in accordan “i/ﬁtat‘ﬁgféﬁe ?‘%E?&?‘ﬁ‘girhyy"@fa’?pn@o ‘@g"%‘? Reesime QUERYPER. Recei ver
550 of Fi gugRciecycle a%h%wt& af obplethatdeipplibd toRwiLIGET0S SvitchBederring to

Figure 6, receiver 550 is representative of receivers 560, 570, and 580.
Recei ver 55eckines Vigwsnd Vaighdom generatoss 412wah4 Bhand selpels sithsp ¥ox 9onal

anplifier (Qp-, -5 j ¢Jondi cative of the

| ogi ¢ stat e%fghﬁﬁﬁgpgﬁgaﬁg? &Pecglo\%%a%g%gsﬁgéu@%r%%? e 3'ri ver during a
current o ock cyltlskould st appreG2dd by omeosf ordigard 8kill BUBSA Haiihe BidiT ( RULE 26) WO
01/ 47116 PCTI USQ0O/ 27590 L&g(?i c state E‘];Sét he receive.l by op-anp 630

Si.gnal
during a pr &@EBHMFE BF PRt Gl?s‘ﬁa“EtP’é?E %‘_P%h@ n@lgwgggwggr_lgan out put t hat
is applied tQnsibrlichic &3, covipleattnfatPmethesifde\tBRicYRdUbtor (CMUR), @hhitterom
generators 412 and 414 and selects either VIlow or Vhigh for application to
op- anmp 630 lseupded logio (EGHeopsndsin, arst manyrathers 2gdditonplly, fiegefeeenee appr eci at ed
by one of ordin skill Ln-: - ar . i j on can be
practiced i ﬁc%r%ar%/lfoe# @/e lJolr e@t}é‘n %%h‘h@%%gfmectsubi&n@:{ﬁuﬁl nértgr%c%%r(ﬁgﬁtg'é')’t ransi st or
| ogi ¢ (GIL) baxkwilde comipadbly”)eeérathoupkititkeressdvarcronont heessa@yBBdefiteni t t er
coupled logic (ECL), open_draj.n, and man thers. Addi.tionall. t he
ref erence é@ﬁb‘ﬁ&f@y@a eaﬁff?fﬁsd lﬁ’rt@?éﬁfe"??%eﬁ%f F’@H“p}f’ag’el?gobﬂr@f‘?'{ééd with prior
art recei Vertﬁat%pna-receibgagihgewﬂd&aa& hdl B¢ Showvn &Y FigukdDEdbetus@l T ecei vers
may not necessarily benefi fromthe advantages afforded by this

i nventi on. Mdth thecYighgeneratorseof the mspsentripventionsh X opplingbeth Q/&Htﬁofﬁ’@&’ei ve a single
Vref and a ' : ' [ JUR @] ' he Vref
gener atoro SPeyds HYE vATBIAN I Bl AluboiRY REpITER recth bl

gener at ors twautdseledtront of mpubltnde réfrences (\éhiyteor. Vidalastshowald Kigute®a prior art

s Shown | n OFFIgaPAtygn b P UIAES VB SNt SSBPRIer I REORST gener ator s of
the present chihtiaptHe@Mtphiof one generator to the Vhigh reference input of the receiver and
the output of the other generator to the Vlow reference input of the receiver.
Furthermore, the prior art receiver that would receive one pseudo Vref signal as
20 shown in Figure 3a or Figure 3b can be used with the Vref generators of the present

invention

by coupling the outputs of both Vref generators to the single pseudo Vref signal input of the
receiver.
Figures 7a-7f illustrate timing diagrams for signals and pseudo-voltage
25 references generated for a bus in accordance with the present invention, such as bus
500. Figures 7a-7f show pseudo-voltage references which move independently due to
noise in the power planes.

The movement of the voltage references matches the movement in the signals since
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coupling the output of one generator to the Vhigh reference input of the
receiver and the output of the other generator to the VIow reference input
of the reggigyghze Furthernore, the prior art receiver tpefusdamhsor eceive
one pseudo Vref signal as 20 shown in Figure 3a or Figure 3b can be used
with the Vref generators of the present invention by coupling the outputs

of both Vref geperators to the.single pseydo Vref signal, input of the
recei ver.b"tg?‘ﬁfdf‘@‘ée"?%f' Op the Fainffs'l"fsﬁt”ég’f'ip ﬁf@fimea-gFa?ﬁgqtfeg Y. dheRamsms o ng

pseudo- Veldvadfihe Sighd bfd £18 ¢BRagd P&BleRlctdn bOmamitdive 4nll tRGMARLANCE with the
present invention, such as bus 500. Figures 7a-7f show pSeudo-voltage

r ef er enc eentspHed; finstasd of thingips avefuntyondgfehe planerde whichingise pecupsAgdn pl anes. The
novenent pfu %&%ﬁ/o' tage references matches the novenent in the signals
since 1518Y8 ®TUTE SHEET (RULE 26) WD 01/ 47116 PGT/ US00/ 27590 both are
I nf | uenced byFighee Beailfestratds aeiming diagrapdoes faflingrdse sigfahthejs esthpared t he mar gi ns
bet ween the signal and the valtage reference, can be mai.ntai ned and the
timng Mmeh %Eﬁe“$%§?'@§8re ?’e'l?%%?lﬁi%@"hé@ '%‘"%H?RFF Bhnoyse ipthe bl ane in which
Noi se OCGHRd ffand. Ns dHoM i PigaRe BO thePublicd Wubsidiial inkdritets iRl RPrubell i M NG di agram
for a falling edge signal that is conpared %o.one of two pseudo-vol tage

r ef er enc dbighraethefsamp tigng that thesing|edirsimabyorid have intgrseqied thepueneAurbed ane. As
shown in\,l}:‘i,gure 7a. the pushed out signal intersects the perturbed Vhigh
at the same tine that the si ngle bit signal would have intersected the
unpertur bed Bigugh?b illDstFtgartenidd diaklamsbr atissy edgeisignalgnd deed psandd or a ri si ng
edge signal and fjual_ seuda ref renc.ehl§0I ta efmﬁenerat ed in a%cordance

wi th ¢ he RFraRcE YoIRsR ERIETAI I ALRIERGRAL R S BURRISE 2AE RRYFS®ondi t i ons,
I n Fi gur @rolRd plaf@ndist dofiglitibis. Ih Gikake THILIRY Sifled i f6ral intdpREs pdavedat the sane
time that the single bit signal would have intersected tlge unpert ur bed

Vi ow. 15 Vipwatthe sand g ibatrthe wnglebit sigpal gvoyldhgvaintarescted theanperigbeddge si gnall
and dual \gggudo . :

15 Figure 7c illustrates a timing diagram for a falling edge signal and dual pseudo
reference voltages generated in accordance with the present invention under ground
plane noise conditions. In Figure 7c, the pushed out signal intersects the perturbed
Vhigh at the same time that the
single bit signal would have intersected the unperturbed Vhigh.

20 Figure 7d illustrates a timing diagram for a rising edgé signal and dual pseudo
reference voltages generated in accordance with the present invention under ground
plane noise conditions. |
In Figure 7d. neither the signal nor Vlow are substantially affected by supply bounce in
the ground plane. Consequently, the signal that is substantially unaffected by supply

25 bounce intersects Vlow at substantially the same time that the single bit signal
intersects Viow.

Figure 7e illustrates a timing diagram for a falling edge signal and dual pseudo
reference voltages generated in accordance with the present invention under ground

plane noise conditions. In Figure 7e, neither the signal nor Vhigh are substantially

15
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ref erence vol tages generated in accordance with the present invention under
ground plane noise conditions. In Figure 7c, the pushed out signal
intersects tfgnup@ikurbed Vhigh at the same time that thepsffighogdat Signal
woul d have intersected the unperturbed Vhigh. 20 Figure 7d illustrates a
timng diagramfor a rising edge signal and dual pseudo reference voltages
generated in_accordance wth the present invention under ground plane

noi se condi ¥fested by sypphy bpures in ghe nowier waplypinae.sCefisaguenidy, tha sernakthat is

subst anti al | yeaft Y el r ?g@g, | nsequently,
t he signal thsét f@?éﬁ‘g&:ﬁ%ﬁ?‘gﬁk?ﬁéﬁﬁlﬁgﬁgg ‘gﬁ;}g}é%ﬁg y ﬁlg“)ﬁiggﬁ%%i ntersects
VI ow at subsmeathiat the sipgle b sigaatinterseves Viigh. t he single bit signal intersects
Viow. Figure 7e jllustrates a tim di agram.for, a falli dge, signal and
dual pseudo. T o APURILIGi G te fleamaty 4 Tk et st e iah PR pr osent
inventi o8 UREncGVsHARE cehdr@B@InHRETEancORHh EHcfPPe%ent ifveidUmBer fRwenei t her the
signal nor Vhigh_ are substantially 15 SUBSTI TUTE SHEET (RULE 26) WD
01147116 PCMaNgIBGEsqmitipns.af f ect ed by supply bounce in the power supply
pl ane. Consggy Y ihd & i | j ed by supply
bounce inter seg‘{}% ¥7rt1t|letglg%ﬁ%ﬁ%é%l%?f@%@yp}?ﬁgér}scgﬁeﬁlgﬁ‘ﬁ%lg@ﬁﬁ&? e si ngl e bit
si gnal i nt engeetts thelpexlrbedVIgwragsubbtantidlly shiersatme tima at theisingleditaggnalm f or a
ri sing edge silﬁnal .and deéa{f Hpseudg ﬁl reference voltages generated in
accor dance WPHH"PREBPEELAte fREEH % ®¥nder power plane noise conditions.
In Figune 7f, thgiregdalusiriata infinulalRh foRa Aling eAR YondPAHdGEall pleddBe Power
su ane_ intersects e perturbe ow at substantia e sanme tine
pply pl t ts the perturbed VI t tantially th t
as the singl®ce signal woul d have intersected the unperturbed Viow 10
Figure 79 ildidsds LT i : i pgnal and dual
pseudo ref erte%%é veﬁ%gaég%%ggﬂg@g%gp}ﬁgﬁgg'g?'{ﬁfghg}éwwp?ﬂg?@lgr esent
i nvent i on wuoilapse ponditions.ujnHigure Ggl thaggra) thanid ptshedisut by theFsupply eollagse t he si gnal

L puStgteé\er('jsecotéJ Ehet;))Xm}rQe% \?h‘f@f) zlt%ubcs?aln'ltiﬁglstﬁe same time as the single bit signal

15 would have intersected the unperturbed Vhigh.

Thus, a method and apparatus for generating reference voltages has been
described. Although the present invention has been described with reference to specific
exemplary embodiments, it should be appreciated by one of ordinary skill in the art that
various modifications and changes may be made to these embodiments without

20  departing from the broader spirit and scope the invention as set forth in the claims.
Accordingly, the specification and drawings are to be regarded in an illustrative rather

than a restrictive sense.
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intersects the perturbed Vhigh at substantially the sane tinme as the single
bit signal 15 would have intersected the unperturbed Vhigh. Thus, a nethod
and apparwbwsefify generating reference vol tages has beeperglgfhgidoped.

Al t hough the present invention has been described with reference to
specific exenplary enbodinents, it should be appreciated by one of
ordinary skill in the art that various nodifications and changes may be
made to t¥ealds ddaimsisinents wit hout 20 departing frﬁmn” m irit and
scope the invention as set forth in the clains. h qﬂl Iiﬂm'{"flm " :
specifjcagtion r awl .are to be regarded in ah i91 dstMatfve*rather

t han a’ rZStri &a‘%?@gﬁ’scgwgggﬁ&m SUBSTI TUTE SHEET (RULE 26) WO 01/47116

PCT/ USD0127590 poWarasupplg pzh@i ns is: i "1 1 L0LE 00 i @ et 1 ii * CL
MS 1 1. Acircuit, conprising: 2 a power supply plane; 3 a ground pl ane;
4 a si%nal soﬁlgﬁoé‘"iiﬂgf‘%di ng, 5 a driver that is to generate a first signal
to a rgecei ver asighf shiresincihi@pal 6 having a present voltage | evel and a
previous voltage |level, the driver coupled to the 7 power supply plane and
the grdund pl ane, Bduver Biat isdg ganemteca firsl signgbtogemesiver.dhe fwatsigngl a | ow

or oaucoa 1 HeE s Qs 1cUBY il e Bl O G TREE mEBL A BRRS TRy Supp

pl ane, 7 apdwer supply Ipiaghk atdethe penndpludd, t age generat or having a high reference
output_from 12 which a_high reference yoltage signal is to be produced,
the high reference? ﬁ’trﬁ{?fe"g%"°"f§e%‘6‘ﬁﬁf°éga‘f‘ﬁg gﬁé’“@%ﬁ?j‘ﬁﬂo‘é‘ﬂ‘ﬁﬁﬂm pl ane, and
the high wiedhar18NGereratd W8z Rl 8 tPbe FB8LUCENqhe IL& tRWNES RERRCE VO tage
generator are capable of conmunicating the high reference 15 voltage signal
and t He [cowpleddp dheponer supplydanesingnal to the receiver. 2. The circuit of

clai mi, further CPE&EH l'e?érgig:e voltage generator having a high reference output from

12 which a high reference voltage signal is to be produced. the high reference output is
13 coupled to the ground supply plane, and the high reference voltage generator and the
14 low reference voltage generator are capable of communicating the high reference

15 voltage signal and the low reference voltage signal to the receiver.

1 2 The circuit of claim 1, further comprising:

~J

a receiver that is to receive the first signal, the high reference voltage signal and

(V3 )

the low reference voltage signal.

1 3. The circuit of claim 2, wherein the receiver is to select one of the high reference

[38)

voltage signal and the low reference voltage signal and to compare the present voltage

level to the selected one of the high reference voltage signal and the low reference

HWw

voltage signal.

1 4. The circuit of claim 3, wherein the receiver is to select the high reference

o

voltage

3 signal when the previous voltage level is a high voltage.

17
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2 areceiver that is to receive the first signal, the high reference
voltage signal and 3 the lowreference voltage signal. 1 3. The ci rcuit of
claim2, wheyshiRsfipe receiver is to select one of the hi gh-f8§RrRikeEE

vol tage signal and the |ow reﬂﬂ'ﬂ mumu"mlml gnal and to conpare the
present voltage 3 level tot f the high reference voltage
signal and the |ow reference 4 Vol tage dgnal. 1 4. The circuit of claim 3,
wherein the receiver is to select the hi gh reference 2 voltage 3 signal

when the previou eV, I.S: TI TUTE SHEET
(RULE 26)" W) 01/ i%"?‘%@%’%%oﬁ%’%@%h "%XT%{E'%%T '1"]1%‘{{%%’%% e"fﬁgﬁ_ MS 1
5. The ci2 cuighalefhes tiriprevihus whiedgeidvelibe loveedtager is to sel ect the | ow
reference voltage 2 signal when the previous voltage level is a |ow
voltage. 1 6. The circuit of claim4, wherein the receiver is to generate a
| ow vol t age¢si gn'ﬁﬁecxl%u%%aﬁ@vﬂéﬁﬁﬁfi&re‘éé“/ér@gt% et a Iow VaMBE sigagn the high
reference volta si gnal . 7. The circuit of claimb5, wherein the receiver
is to gerfer &then emregww@lltasageeelsﬁ toneer thap thethegh rsﬂqenm\@ét@msuml tage level is
hi gher than the |l ow reference voltage signal. 1 8. In a circuit conprising
a driver, power supply plane, a ground supply plane, a 2 high reference
vol t age gendr at oThecﬂmdxtafdlﬂwfreﬂ:exremherea:a{/éragte ggeinae ahigh voltagseighsld for 3

generati ref erence volta 0 et ect a receiver, the nmethod
conpri si % whenythe gresent ﬁ@“"égf‘i"f’}ﬁ L‘éﬁ"drﬁ%ﬂ“ th‘i/lr‘;t”ﬁée@f‘?e\ﬂé? tagestimak i r st si gnal has
a present voltage level 5 and a previous voltage |level; 6 generating a

hi gh reference vol tage signal froma high reference out put of a high 7

ref erencel vl t agh afdnsuit sarenrisingladlrivery powesseppbnplaneoy giound wpplylpbadetzo t he
ground suppl . al froma

| ow ref e;ﬂgncﬁegﬁrﬁf&%ltag ‘6%]8 gg&g{a%i& s e‘* ge\#ége&%gﬁglﬁdgggm\é%nog’rahg'ﬁdgo%ﬁe | ow

ref erence ogénerating oxfigrkred voltagehfor pemmon by ppécyiver, the method comprising:

4 generating a first signal by the driver, the first signal has a present voltage level
5 and a previous voltage level;

6 generating a high reference voltage signal from a high reference output of a high
7 reference voltage generator, the high reference output coupled to the ground supply

8 plane;

9 generating a low reference voltage signal from a low reference output of a low

10 reference voltage generator. the low reference output coupled to the power supply

11 plane;

12 selecting one of the high reference voltage signal and the low reference voltage
I3 signal based upon the previous voltage level; and

14 comparing the present voltage level and the selected one of the high reference

15  voltage signal and the low reference voltage signal.

1 9 The method of claim 8, wherein the comparing is performed by the recejver.

1 10.  The method of claim 8, wherein the high reference voltage signal is selected

18

SUBSTITUTE SHEET (RULE 26)



11 pl ane; 12 sel ecting one of
reference voltage 13 signal ba
conpar i ng Whe/4ghésent vol tage | 'r ﬁ

vol tage signal and the | ow
i.ous voltage level; and 14
H"’F@EHE&M ed onePAITUSONYISH gh
reference 15 voltage signal and*the []
met hod of claim8, wherein the conparing is performed by the receiver. 1°

LOW ce voltage signal. 1 9. The
10. The ngibafe evigb@dm%lem%gﬁi hOgeli gh reference voltage signal is
sel ected 18 SUBSTI TUTE SHEET (RUCE 2%" WO 01/47116 I 1™1"F L1E 0 1l

(1" 1~ 11 1"l PCTIUSO0/27590 C L s 2 when the previous voltage level is a.

hi gh vgl t age. 11.. Th t hod. of. ¢l gi m wherein the | ow reference

vol tagg sf’gnal-']hlesm dhgdste glg" §2wbﬁ§%1ﬂ?“eﬂ8w5§sr\7ﬁ?uv ﬁ%ﬁ ?%&'Slsgﬁ‘éf is alow

vol t age. whénkhe prebidas vdltage leudl iCOBMVolthged: 2 a power supply plane; 3 a
ground plane; 4 a signal source including, 5 a driver adapted to generate a
first signal to a receiver, the first signal 6 having a present voltage

level andia preyhOHR viPkdRGRidgevel . the driver coupled to the 7 power
supply plane and the ground plTfane, 8 a | ow reference voltage generator

havi ng2a | ow ragfosveesupelyqiansut coupled 9 to the power supply plane, the | ow

referegce vol tage generator is to produce a |ow 10 reference vol tage signal
at the’l ow refef ehce oot put, and 11 a high reference vol tage generator

havi ng4a hi gh asigrar ofe isliiding, 12 coupled to the ground supply plane, the
hi gh reference voltige generator is tg produce a 13 high reference voltage

pr. . !
signal 2at the hi gh2dEveradarted Qgepsrate afind signglio p eceivemmihe Tripigage 14

gener aor hai 4 H&ehiVIth el 167 Btca MeVibRORIGEEIAIRE d,we?ccgﬁ&fa% fheof -
comuni cating the 15 high reference voltage signal and the [ow reference

vol t agé spQYeasuRply nipne andéhsigrend plane3  The bus of claim 12, further
conpri g ng. a low reference voltage generator having a low reference output coupled

9 to the power supply plane, the low reference voltage generator is to produce a low
10 reference voltage signal at the low reference output, and
11 a high reference voltage generator having a high reference output
12 coupled to the ground supply plane, the high reference voltage generator is to produce a
13 high reference voltage signal at the high reference output, the high reference voltage
14 generator and the low reference voltage generator are capable of communicating the

15 high reference voltage signal and the low reference voltage signal to the receiver.
I 13.  Thebus of claim 12, further comprising:
2 a receiver that is to receive the first signal. the high reference voltage signal and

3 the low reference voltage signal.

1 14, Thebus of claim 12, wherein the receiver is to select one of the high reference

2

voltage signal and the low reference voltage signal and to compare the present voltage

level to the selected one of the high reference voltage signal and the low reference

HW

voltage signal.
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2 areceiver that is to receive the first signal, the high reference

vol tage signal and 3 the | ow ref.erence voltage signal. 1 14. The bus of
claim 12, rein the receiver is to select one of the hi g@ nc
voltage sig PV t he | ow reference vol t age signal and k “%ﬁ%ﬁéﬁ t he
present voltage 3 level to the selected one of the high reference voltage
signal and the low reference 4 voltage signal. 19 SUBSTI TUTE SHEET ( RULE

26) ..l iA . ii W 01/ 47116 PCT/ USO4/ 27590 1 15. The bus of claim 12,
wherein the r elect he hl h, ref o volta si gnal when
the pr eV|H ou's- voﬁJﬂ‘ﬁg%sq Svhergin the reFs1v 'é(‘ﬁé"se "tltg E E‘g‘edf’“igieal m 12,

wherei n bheigRrehenthe | rSVIB@sv%ﬁhg,ﬁé%veﬁﬁthI%]W dlggeLr ence V0| tage 2 signal when
the previous voltage level is a |low vol a 17. The bus of claim12,

wherein the receiver is to generate a Iom1vo|tage signal 4 when the

present Yol fage eyl oy WS vhEnll O SRLALERSANALLAATuEI N2 1

18. The bus of clai iver enera |gh vol t age

signal 2 vdigial Wheh the pradobs volthdedgel savew vbltaghi gher than the i ow reference
voltage signal. C ~ 111] ~~~~~ 20 SUBSTI TUTE SHEET ( RULE 26)

3 17.  Thebus of claim 12, wherein the receiver is 1o generate a low voltage signal

4 when the present voltage level is lower than the high reference voltage signal.

I 18,  Thebus of claim 12, wherein the receiver is to generate a high voltage signal

({8}

when the present voltage level is higher than the low reference voltage signal.

00
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