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| NVENTION Field of the Invention This inv generally to

conmput er signal comunication, and nore 10 15 p¥ft'cul arly to an integrated
circuit intcVPaY82%hd nmethod for high speed block transfer si gral/Usaposizo
data., control and address Si naI S bet ween rrultl pl e i nt egrat ed circuits on
a bus or point -l EL) : € CMOS+ I

t he Background Art Sem conduct or |nt egrat ed circuits used in d| gital
conputing and other digital applications often use a plurality of Very
Large Scale Integration (VLSI) I nterconnected circuits for inplenenting

bi nary communi cation acrossg W{? ﬂ-@ﬂ%‘fﬂo Ay ansmi ssion |ines.
Conventional transm ssion L| nes I'nclude traces are formed on a
sui t abl e subst a& uch as, a printed circuit board. Each transm ssion Line
may be desi gnebi@‘iéj@ém using so-called mcro-strip traces and strip
Line traces to forma transm ssion |ine having a characteristic inpedance
on thes-order ofThishinvention rolates igamerally toccamapiterastignal ecromunicationj andimorel i ne may
have its opposite ends termnated in their characteristic inpedance. The

out put | opstiedlady & ArYRiie Gt PitdrfB 28 IR fot BRZh SB¥ed BlogR tlafl¥fepS 25- 35
ohnms. To consune reasonabl e pomer hi gh frequency signaling requires snall

anpl i tude_.2 Vel val

for 1, vy uge 4t chita ol SRGEI gl A RO RGN Yot s o nis BY
current nust al sqQ be ve | arge (e.g., on the order of 50 to 60 mllianps
per dri veP‘)mt"!Q'R "‘?dg‘é D‘é‘?’eflfé)éii‘“ﬁp‘%‘lﬂ?par ator with a voltage reference
(VREF)) si gnal configured m dway between input high voltage (~VIH) and 2

5 JUN 20@. VO Degofinfi6h oPRENERRELOBhd At nput | ow vol tage (VIL). The VREF
signal is a high inpedance DC vol tage reference which tracks | ooseI y wth

pover suppl i ess@iRbndudit i nga&ﬁﬂf&’i hﬁépﬁrlﬂgxw cbih g&ﬁﬂéﬁﬁ?

Oonventlonally, Hi gh OJt put Vol t age (VO—I) and Low tput Voltage (VO_)
denot e si | s. erre pm t.he sour and VI H
denote i GRLFRiHR ASR Age & PR B YsP Eifeb eRf 6GE(ERn RESPBterdonsetln « ney
can be consi dered the sane signal. FI G 1 A is a block diagramillustrating
a prior oeircufts foriimplementing bingrreemmynication acrgsssinglp or sydt-spgmentedc| udes a
pad 100 coupled via signal lines 103 to internal input receivers 110. A
VREF si gnednsikissiondinesu Qoaverdtionebitansinidsiomiinesiincedetraces, Whick/aid-formed oh a
generated fromthe power supply. Usually, the DC val ue of the power supply

vari es bygfhMe substrate, such as a printed circuit board. Each transmission line may be designed,

, ABCDEFe3ettulLyjz t6T 9/ - ~ s ~~~ ~00, \A% M / US99/ 05120 HI GH
ent1 on

15  for example, using so-called micro-strip traces and strip line traces to form a transmission line
having a characteristic impedance on the order of about 50-70 ohms. Alternatively, each
transmission line may have its opposite ends terminated in their characteristic impedance.

The output load on a driver for such a transmission line may be as low as 25-35 ohms.
To consume reasonable power, high frequency signaling requires small amplitude

20 signals. For areceiver to detect voltage swings (e.g., 0.8v to 1.2v) easily in a noisy

environment like GTL, HSTL, SSTL or RAMBUS, the current must also be very large (e.g.,

on the order of 50 to 60 milliamps per driver). A typical receiver uses a comparator with a

voltage reference (VREF) signal configured midway between input high voltage (VIH) and
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1 o percent (599. FIG 1 Bis atimng diagram12s illustrating an exanple
signal relative to a high reference voltage (VREFh) and a | ow referz%nm 2001
vol tage (VKEFI). The VREFh and VREFI val ues typically depend on power

supply variation used to generate the VREF signal. The |large vol tage sw ng,
i.e., the di WQRPUHRE bet ween a high voltage signal (VIH) and aPCRUSS9I0SIZL

signal (VIl,), and_stabl e signal_ |evels above and bel ow the VREF signal are
required linputlpwrvolage GYile. agwé&%ﬁgsﬂ is piigh impedanee DC volfage mferegee whichy
of current single-ended signaling technol ogies i~ conventionally around

0. 8v. FI G track€ldoosely wiklopéweh suppled aviel tifle] Buiti cagnstaBspondite instinténcous abisal t
receiver 1 S 0 using RAMBUS technol ogy. The receiver 150 sanples the | evel

Stable- | everivepoiyt i Ouiee YISt /O find b Ol V gs, O AR Bl

pass gates 160, and 165 turn . off, the sg t 72 i s enabled to elin nate
Carrent | rFReRBIng onE Rig SARSIGng sovrae AR Lhc Ay TEF 4onQtE SiEAl3 aPYng st e
of the receiver 150 for an exanple signal. The receiver 150 sanples the

i nput rsef erfahereceinihg deyice, althpugh theytdah belconsiderad the samehsignal. st abl e | evel ,
e.g., alowlogic level (VIL); and, while the input 2 2 5 JUN 2002 - WO

991 48260 PGT/ USH®. §ALi3Q blodk\Bherah iRhaRkitiag alfior aRGeLaioér mﬁ%enmﬂse val ue
of the input signal. As stated above, for reliable signal detection, the

si gnal voltgage, sy [ : e I I r Lvers 150 to
Sanpie a JPaRPIoRY] dRe b Ehn T eRleOI0d cublodits Bonat e85 % iterad
This vol tage sw n{; should occur_in less than 30% of the m ninumcycle tine
to al | ow riegeivess $19.0A VRER signak s is seupledtogagh prsemal repgiver hLO.¢ i num
cycle tinme reduces bel ow 1 nanosecond, the margins reduce for signal skew; -
set-up ti rgenerattdifronl the powersinpplyt Usuallyd iie DGalaluzsfithe powet supplly vaties ufivent -
I n a high capacitance | oadi ng environnent operating at high frequency. Low

vol tagg di et rré\.eg%)‘?‘ll’.l@i. €834 b Bthing- ?@ﬂilﬁ!ﬁtﬁ%;af exanifle 'eﬁg‘reﬁfﬁfeﬁa '3e

t hese pro y ‘using a 250nv VvolTage sw ng at 1he expens running 10

conpl i mentar I gnal s.. Rupni conpl.enentary signal s, I tabl JCreases
the pin cglfﬁﬁlrei‘ﬁ cﬁé’(?kﬁ%%{@ggh) aIggr%tlﬂ rrﬁ%ﬁﬁgp&g&g@@l@ﬁl\é. @ﬁi‘éﬁ" ilize
a bus systemin which several devices are coupled to the bus. Mst_of them
use a cl o MRER values fynieallydependionpewer sipplycyasiation usedipgenerags the VREF signal.
illustrates a prior art system 2100 for DRDRAM which uses a clock |line
2130 15 hatengrge woltapewWing,g.e2 tBEdifferbndd Beweeh a higlywoltdgedighal CVIH) Wil 4 lown

one end of the data bus to a turnaround point 2137 near the second end of
t he bus. ﬁ“%%ﬁ#ﬁ'ﬁ Kk g@ 'gﬁ%i L Sanfih VRERQ; grr?r% . pack
to the fi-rué nd- o ?’%‘gfa gél ?lgvési%(gnal %gggﬁgﬁl\g carrlﬁgsg at a, g‘é‘ﬁér)dass
and caontraql sj.gnal,s. This. topol epsures that. a signal, sent o he hus
120" v USR8 pteceloh O AL RO JEiivpHade iR of R ibil Fted Spnaltie: ne
cl ock 2132 used 20 by the device to receive the signal. This works fine if

t he | oadi teshoelpgies is conyentionally@raund O8vack is al nost identical and the clock
2132 is used to sanple and receive the signal. However, sonetines the )

Eyst gm m ght r @1Gi 1€ is a'bloek disgraba ilkustratinlyscliematios oha pHiocas feceivies 150 Asingf
us

RAMBUS technology. The receiver 150 samples the level of input signal 167 and of the
VRETF signal 154 until the signal reaches a stable level, at which time the pass gates 160 and
20 165 turn off. Once the pass gates 160 and 165 tum off, the sense gate 172 is enabled to
eliminate current injection. FIG. 1D is a timing diagram 175 illustrating operation of the
receiver 150 for an example signal. The receiver 150 samples the input reference and input

signal until the signal reaches a stable level, e.g., a low logic level (VIL), and, while the input



2 5 JUN 2002 WD 99/ 48260 PGI/ US99/ 05120 system needs to doubl e the nunber
of. signal s even though the address and control signals are identicah,jygng;
coul d have been shared. Accordingly, there is a need for | ow power drivers
and reliable receivers for high frequency operation of a |large nunber of
si-ngl e- ended WO9aB60i n exi sting technology for | ow cost VLSl dPQIrius99/05120
systenms. SLTMVARY AND OBJECTS OF THE I NVENTI ON A system of the present

i nventi on usigeal instable.dhe regeiver 130 samsestheygluens the inprt Ygrals Asstated)abayes for
timng reference signals (SSVIR and / SSVIR) to conpare singl e-ended signals
) 1 o of theliaslegighdl d@ectiontthakigal valtage Bovisgimst bel faghenboagh w dliuw hllftlee hi gh
frequency signaling. it will be appreciated that "/" is being used to
indicate a LGal j : K ' | i :
characteri sl{e?%bﬁéngg@g%%ﬂé%a%tg ends ‘@F} ﬁ%ﬂegrﬁ%tﬁgnn%gr%%g?idﬁe?d hé)éweénd
[/ SSVTR toggle every tine the valid signal e.driven by the jransnjtting ,
i nt egr at od Bhis ygltage %s@qu&a@w inlesthan 0% %‘gg %an%%ﬁps@ﬁm 1 allgy maggin
conparing the 1s signal against SSVIR and the other for conparing the

si gnal d@gai fos sighiS¥EW, sefuprand bold-SingsalAs themninimual cjeleitime reduces beloch
conparator is coupled, optionally by using exclusive ORlogic with SSVIR

and / SSVTR. nadgbdcond; B Marpift recdhwéior Signal ked) saicipl tifie bnd hGRALIMY AVIHE thd he

coupl ed conparator in the recelver detects whether a change in signal

bi nary val u c red. Again, . it will . i t n VTR
change theiar%dglm%éfr t;’/“rg%xf %’g&’fcfmé'\?re‘r:vrﬁtrr"ggth%o "rsaﬁg ﬂ%ﬁ’ggg}nﬂ%aeng\e’g :épgng?éeg%ng at
value. S SVIR and /S S VIR are preferably synchronized wth the si %nal . The
met hod of thHgh fegusasy. Lovaieltagm ntigh signpingd M8 used by JERER] 5963 can

osci |l lfaji ng source synchronous voltage and tinmng reference and its

conpl ement dvefédnte thesd prolsiefiRby uding a2 HnAo1RPe Wil AThd 8nse el runffify 05120
and receiving an incom ng single-ended signal. The nethod conpares the

osci | | atyi n ENRbnkil ] ' By iy I o]
gener ar? o PRBUEERET BARL RUnbiE OB SRAls VIR tedb e bR Ofurk
signal by a aecolfr%% conparator to generate a second result. The nethod then
sel ects ond™BPEHAE S st result or the second result as an output signal
based on the previous signal. The step of selecting one of the results

i ncl udes conpar ifhsthen compuisy systerantypicallytutidize abus syidem irswixigly sexeral devicespase
conpl ement (/SSVTIR). The step of selecting further includes manipul ating

t he out put ceupledito thedis.t Mospoftiemusse 2 alouk totvalidatd datalh addresssindroontrbl signals.
second result, based on the conparator which is currently coupled. If the

| ncomi N SiFtab) ARARGRS a philfart bk '2100/56: ¢ WlilfusdRh Bk ind 2150

same 1 o conparator coup e 1ncomng signal stays the sane, th

step of _sel.ecti i ncl ude C i the cu ly C | ed _conpaxat oy . and
coupl | 3" ¢ HEVinEte ey 2108 andrhils, doh shepiih 2 8 enfer e oné B0 Of e dasd
stabilize. The system and net hod advantageously elim nate the need for a
hi gh i npedaus ¢ yRemargurdpoint 2137 neaptheiseepndyndafihe busy The atherglecksegment 2138
signals! This reduces the need for

extends from the turnaround 2137 back to the first end of the data bus. The signal bus 2120

carries data, address and control signals. This topology ensures that a signal sent on the bus
2120 always travels contemporaneously with and in the same direction as the clock 2132 used

20 by the device to receive the signal. This works fine if the loading off all signals and the clock
is almost identical and the clock 2132 is used to sample and receive the signal. However,

sometimes the system might require twice the data bandwidth in which case this type of bus



15 three distinct voltage levels (the output high Ievel, output |owlevel
and the VREF level) to two distinct voltage |evels (the output high |evel
and the output low level). Elimnating VREF reduces necessary vo} §agH 7600 ng
and accordi ngly reduces power consunption. Using a receiver wth dual
conpar ators awpos¥820upl i ng of the receiver to the sane conpar RC¥USE@S1Zche
si gnal changes every cle. Only one conparator is coupled based on the
current bi rsatstymzwedatq%mble tha aumbgnef signads ssuthoughiibe addressrandpontral signals are
i ndi vidual Iy adj ustable delay for each receiver to couple or de- couple the

conpar at or ,jdédiRaE aid EQdd hhvdbddnashafedect of skew during transm ssion of
source synchronous signals) The system may have nultiple di fferenti al

ol o-onded | 2 BRIEReRR-5sP 1% % SRR RGNl ERIVAR Tol bk °

integrated circuit such a m Ccr opr oc r or, sy mcontroll hat _h
iy S| gnal e CRPOM ke SHBIPER ORI <aiied SRR Ipigsr OBy s
in a single ended signaling system Using the same concept, the system nay
have bi sdi rcest VbSkdigitairsystemsnt ary source synchronous vol tage and tining
reference signals to conpare bi-directional single-ended signals. The
system may have a driver or transmtter for controlling the signal slew
rate to be a substantial portion the tot al si gnal perl od, thereby reducing
out put current. The systg : ng circuitry
such as pull-up resistor$ ' \iommer. , gtchi ng t he
characteristic |rrpedance of the transm ssion line on both ends of a =~ . ~ 1
0 poi nt - t o- poi nt xstave Of thepresentisantism yisg smalh swingtifferontigh Reurspatyaghronous
controller. The system has a dual conparator circuit to convert a '“)
si ngl e- endedlithgesandi tiching wefersmop bighrls (S8 Y TRI apddBSVIR) be cémpars mﬂgleaelndadcklgnals
received with conparable noise immunity of differential bus for internal

data b o] : ;
ciroui te. %ﬁe%smysté%% FEPAL) Sonhe Shnb il Sl Suohi® (ot e RaCy staling. 1,
with slowtu n|n sl“w urn 5. qf f ave slew rates for
all signal ﬂ‘b M'ﬁ%ﬂb@%\? ?J' ﬁ@a‘ﬁlﬂgﬂ&‘(\/? fgnal s
whi ch are transmtted together Further, it will be appreciated that the
control si &vatinatet m@@@r@tgwapma@anseonbathsqmspéﬂmdmameﬁsmm
channel than the data signals. This enables running the control and address
channel at SSVAIK &l /SSVTR wgglerevyryt time tidwalidatighatswradeiven by theatralshriting

di fferent | oads to be applied to each of the channels. 20 BRI EF DESCRI PTI ON

OF THE DRAW, leffenit. E?Agsm%g@ L Qelved iRMIdR T b Lo ﬁﬁﬁrg ®ne fO éd?ﬁ%a'i‘{n#

RAMBUS- base ecei ver. Isatim ng di agra ustrating

| evel s of t he ecgi ver 20 9/ 48260
T Lok itz aeatast §SRTRGg e ol for cotmparne. e simaL Pealest Ao Gk HLPLESTRtor
art RAMBUS-based receiver. FIG 1 Dis a timng diagramillustrating
operati on signakhinary @alue detepmings wehich eonaparster is coup1e¢ optionally by using exclusive-

OR logic with SSVTR and /SSVTR. Until SSVTR and /SSVTR have changed their binary
value, the coupled comparator in the receiver detects whether a change in signal binary value
occurred. Again, it will be appreciated that SSVTR and /SSVTR change their binary value
20 every time the signal can change its binary value. SSVTR and /SSVTR are preferably
synchronized with the signal.
The method of the present invention includes the steps of obtaining an oscillating

source synchronous voltage and timing reference and its complement (SSVTR and /SSVTR),



FIG 2A is a perspective view block diagramillustrating a system v\?éD a
mgster and 5 sl ave devices in accordance with the present invention. iV 2002
2B is a block diagramillustrating the FIG 2A system having transni ssion
lines with i npedance matching resistors at the ends. FIG 3Ais a timng
di-agram i | | ustwondovasgeot he di fferential reference signals SSVIR apcrasSsyvisizo
relative to signal sense tines. 10 ' FIG 3B is a timng diagram

i 11 ustrati nghde&déIving ad idcobiiiRsihgleadrided signala Hiengéthod bompares gredscillatitg 4 i s

a high level schematic illustrating single-ended signal receivers. FIG 5
is a flow L L USit Cat - el f ' ' ' r

trans £t or eipise Ehiciht BRoBiAELBRA s SATRLEALL Doty ik FATHC and
schematic diagram jllustrating a slow turning-on and sl qw turning-off

driver for SQMPaEgsihGFamplementagagst the incaring YR SEFORH OMPRRAOTAP gegerate a

drivers having adjustable signal slewrates ~ and skew between signal s.

FIG 7A i s sscacivesult.i Theinetod thanl selests aueiof gheafinst @sult os thegiecorsimdeult a$ gmatitput
receiver in a 20 f rst enbodinent. FIG 7B is a schematic diagram

i Ilustrati baded oft thé g&bﬁm@#ﬁﬂ. smr&éf 6@@&&@;@@@&@6@@ ifihaRgdi ment .

7 ~ 5 JUN 2002 WO 99148260 PCT/ US99/05120 FIG ™Cis a schematic diagram

il lustrating a E 4 sinale- d_sian J\Very L ' t
FlG oD i s Srieriogis coiuidmaf iR rdval (s R e plriblne LSS VIRY, The
receiver in a fourth enbodiment. FIG 8A is a schenatic diagram, .

i | | ustrati ritepafiseleptingifuther inchrles manipylating the outpntisigna) from thegrevipusyigpaly
FIG 8B is a schematic diagramillustrating circuit details of the /SSVIR
to SSVIR caowandatloy fisst reiilCor secofd fésuld, basediors theconipacatoll whichiis curtentlyranupleg.
receivels with individually adjustable to delays to elimnate skew during
transmi ssi E ; 'g,lnLPa{aﬁ ' RehiRTh t hem
FIG 11 isqgthgéirms%p%%gide Vi evﬁ%s?ﬁlg%lrt] r -s\‘fm re g{‘/:{){il?tegof t he GE\éﬁzﬁgystem
FIG 12A is_a block diagr iLlustrat.in I nt -t 0-.poi nt tem in

accor ddfice ﬂ"’? icgupﬁg'emﬁ mcoﬂn$§‘§’§f%§g%§° S8 BiSSUR 8@@%&? irRlpdesden
the FIG 12A point-to-point connection having inpedance-natchi ng _grounded
gat e p- chasAuplingthe cumentlystoypledicomparaiefrandcqupling thetothercompamator; method
perspective view block diagramillustrating a unidirectional signaling

syst em and thendllowsrthe tirciitdo stbiliel i Nng system on a single integrated
circuit. FIG 13B is a perspective view block diagramillustrating four

signaling systenfeQlstBm and method advantageously eliminate the need for a high impedance

VREF signal for comparison of small swing single-ended signals. This reduces the need for
15  three distinct voltage levels (the output high level, output low level and the VREF level) to
two distinct voltage levels (the output high level and the output low level). Eliminating VREF
reduces necessary voltage swing and accordingly reduces power consumption. Using a '
receiver with dual comparators allows coupling of the receiver to the same comparator when
the signal changes every cycle. Only one comparator is coupled based on the current binary
20 value of the signal and SSVTR. The system has an individually adjustable delay for each
receiver to couple or de- couple the comparator, thereby reducing the effect of skew during

transmission of source synchronous signals. The system may have multiple differential

source synchronous voltage and timing reference signals to compare multiple single-ended



20 single integrated circuit. FIG 14A illustrates a prior art fixed

vol tage reference whose value is around the m dpoint of |ogic high vdlX Al@‘bznn,
| evel and logic low | evel. 8 2 5 JUN 2002 WD 99/ 48260 PCTNS99/ 05120 FI G
14B il lustrates conpl enentary references which have the sane voltage sw ng
as any signaWOP9482600 SA i||ustrates a differential anplifier tPEIVUS99/05120
anplifies the difference between a data signal and a reference. s FIG 1 sB
i s a bl ocksignagfbiheisama dntegipicA Girchis sueheas 3 MiFTPRIGPRSSOIPIGYSteR santepller thag has
diagramillustrating the single-ended signal receiver with differenti al

anpl i fi er smgay eignblg. Thp eystem dndvmetliod proeideddiffenntid] sigrialing beefits inia singhe- of f
the power to the receiver when not in use. FIG | 7 is a timng diagram

i1 lustratiggedis 4 htion time in an application lo requiring fast bus
t ur nar ound from fead to wite or vice versa FIG 18 is a block di agram

|l ustrat i e Sl Sy B Sl t em h
mul C1pl 6 buses, CRBRS SeficiRedt e iHemB BV Tiimelot §ompl ot sourpe

bl ock diagramil I ust rating a system having three buses for achieving 1 s
hi gher bansywichronousyaitage and fimisg referencessignaldio compars bi-dinectionalimgtedended
whi ch uses a clock Iine having two segnents. DETAILED DESCRI PTI ON OF THE

PREFERRED & ) PNy stetn a9 haves Bfiver dr\tRihbnitter f6:1000nk@ i the gipahi slewTH @6 He
and et hod hlgh speed communi cation on nultipl exed buses or

point-to-p r}ﬁﬁ{ wee V. r Q@E r
power cons%%rp‘gbttsfa%ﬁglr ler?@% t{?ﬁf 1 @t{b ‘P%‘QH%/"%?S"H‘?@ ﬁ% a%tP nﬂg nl &%

si ngl e-ended si gna s srgn I ng syste can e used to connect nultrple

menory depavedn E{“ﬁéﬂg URJSHFSTE LY grpynled gate p-

mul tipl exed bus to a rrerrory controller for bI ock transfer of data, ‘)
addr esses charneldor meichingftbe clsracseristigyimpeiange o thei mnbsmhnmbotbsndﬂ ofraas
DRAMS, cross-point swtches, processors, wde SRAMs and Systemcontrollers

can bejut pdipo@tptit Joﬁné&ioh%ﬁvééﬁm dhé cache @Y CPTP B 6 sEhP EbSAIRRC The system

Virhially aII of the signals needed for conputer or other digital systens

can be sent hi s bus Persons CP t hat

S devic ariF ot BT = s Bfecttich 25s Bt t“ﬁgfsvflrﬁ%f; SigH
structures of this system FIG 2Ais a erspectlve VI ew ock d|a ram

i |1 ust r at i RPedransmitisd andgecsiver vithearmpara

via a bus architecture (transmssion |i nes) 215 to rruI ti pI e sI ave devr ces
(r ecei ver Sat2is ofimemony; prcessondr dtherwiderdatadnts type/imtegrated cideuiis. | Thet systesd,

t he

preferably has variable device size of the transmitter with slow turning—on and slow turning-
15  off to have similar slew rates for all signals in each group of SSVIR and /SSVTR and
plurality of signals which are transmitted together. Further, it will be appreciated that the
control signals and address signals may be transmitted on a different channel than the data
signals. This enables running the control and address channel at a different frequency than
the data channel, and enables different loads to be applied to each of the channels.
20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a block diagram illustrating a prior art RAMBUS-based receiver.

FIG. 1B is a timing diagram illustrating signal levels of the FIG. 1A prior art receiver.



1 o master 205 is configured to communi cate, for exanple, twenty (20)

siygnal s including single ended signals SOto S 17, small sw ng 75 JUN 2002
conpl ementary source synchronous voltage and tim ng references SSVIR and

/ SSVTR, power lines (not shown) and ground lines (not shown) in parallel
via transm swomAdsees 215 to each slave 210. It will be appregcangsboiobab
"P' is being used to indicate a logical NOI. The signals SO S 17 can be
data, control OoFIGdd Baseheratiddiagrim ibtuktratipigenetheo priopart RAMBY:baskdas
defined by the protocol. There may be additional signals |ike clock or
initializad.@gef or other purposes required by the protocol or

synchroni zat1 on of system As shown in FIG 3A the SSVIR and / SSVTR

signals toggle ry.time the.valid signals are drive he. mast er .205.
1T b appr EXE U A minaiadem S e dptrian ob IR 1 i aRerere:
(405, FIG 4), wherein each receiver 405 includes two conparators, one for
conpari ng the sFlh@A isgdienspectb@wiew dletk diagramHlpstratingacsystem withiaoasierand
agai nst /SSVTR. A present signal binary val ue determ nes which conparator

i's coupl edslave debiteoli auebrdafiédwith thedptOsent ftiveation.| y by using excl usive- OR
logic with SSVIR and /SSVTR Until SSVIR and 10 =~ 25 JUN 20p2 WO 99/ 48260

PGT/ US99/ 05120 C ' i ST
comparator i n tH: Fedsp ek aRAT bt Edne hERIC. 2 tom W Gog RikBlision fines
val ue occurred. For chip-to-chip comrunication on a bus or point to point,
all si gnal@%@%%@?@b@ﬂrﬁlgP@r%ﬁﬁﬁ"@ﬁ- substantially the sane tine from
the sanme chip to another chip or plurality of chips connected on the bus
and pref erabl y Fié8Asisladiming ididgram ilhetrating theadifferegtialaefenencasigral =58 VERand
(whenfthe signals are transitioning). Also, for infra-chip conmunication,

t he si gnal/SS¥TR @lative o SkRilQemRtimat Substantially the same time fromthe
sane area or block to other areas or other blocks in the sane chip and

preferably .hav t.antd a . t he . ' ' t en
Pho o Bnal s ar 155 3R4F it ek ALSEL0RE RSB 2 IV s Ll
illustrate a systemand nmethod for assuring that the signal are driven at
subst ant | #ndgd dig@alsane time. To facilitate extremely high data transm ssion
rates over this external bus, the bus cycles are initiated when SSVIR is

| ow (i.e., /SS\HFIB.#ds hhigh)levehs¢thelaticlilltisteating singhoended sifgnal regeiviers. cycl e when
SSVIR is |l ow and ends with SSVIR going |low to ease presetting the 1 s

recei ver 405 T G Bgs 4 Advchir) flu¥trifeiPrriethdd W cotdiicatihB!sierAKOREMRHT St
transfers of even nunber S?AIE?{ S. W?ejfl t he si gnal S n%aedgtso change direction

{due to ”],9 ul, '%I;ex nat ur e of ﬁigeg al s‘%%i gne or nore dead cycles may be
required fOr-Sert AYRE HOHIT TS "FEVBY opagati on del ays or settling of
SSVTR and /SSVIR when they are_bi-directional, FIG A 17, described, bel gw,

i |1 ust¥Bat es bi -FI0: 6AHS 8 sehematigidiagram illysiepting asloy Burpingron andsslew teaingiefly
cycles. 20 FIG 2% is a block diagramillustrating the system 200 {FIG 2A)
havi ng  r alniwer fosalisignalses 215 with external inpedance matching resistors
220 havi ng term nation resistance equal to their characteristic inpedance,

which is preferpbl ggheh m-&xaﬁgdlﬂgrﬁxg 'i‘iﬁ%slﬁfin% bRvé&s %ﬁvm?ﬁg{/ﬁs%lg ﬁ%ﬂ%\[}:w rates |

voltage is |abeled VIT, , Wni C referabl'y around for a
operating a%i& skew between signals.

FIG. 7A is a schematic diagram illustrating a FIG. 4 single-ended signal receiver in a
20 first embodiment.
FIG. 7B is a schematic diagram illustrating a FIG. 4 single-ended signal receiver in a

second embodiment.



2 5 JUN 2002 WO 99148260 PCT/ US99/ 05120 vol tage {for VCC of 2.5V and? Y38\ @i(?
OV). The nomnal voltage swing is preferably set |ess than one volt,
preferably | ess than 40% of the supply voltage, and nost preferably set at
SOOmw. Therefore, as shown in FIG 3A, the output high voltage (VOH) is

1. 8v and out p¥P 4§00l t age (VOL) is 1.3v. FIG 3A is a tim ng REHYEWMAS120
illustrating th ogpl.enent ary. referenge si.gnal.s SSVIR. and, /. SSVIR rel ati ve
to signal sense%lﬁ’ 15 S&‘E}’ﬁ‘?‘%{‘r‘fi ?%P’é‘s‘ﬁgﬁu azfﬁg' ;§W‘?4ﬁdﬁ‘ Lecatveyay
In the first cycle, the master 205 drives all the | ow going signals

i ncl udi ng /tE8Y@Rbodim¢Al. at the sane tine and the termination resistances
220 pull up SSVIR to VOH The 7 single-ended signals that are high are held
at VOH by the t gl mptii B9cHepRdtRI BaEaR iIIESHARE a FIG04 $R1p¥ehdedBignal feceiver i a
to sense the logic level of an input signal, is after the transition
junction ofEi S?VTIﬁéa@d /,LSSVTR and before the stable tine, i.e.,, when the
SSVIR or / R 1 steady state at VIH or at VIL. The SSVTR and / SSVTR
preferably have equal rise and fall times, wherein each rise and fall tine
i s apprdxi mat el FIHaB4 ipe schematicaliagram illnsteating sircyit detpidsekthe SSY TR o {SSVATR
timng diagramillustrating SSVIR and /SSVIR rel ative to a single 15 ended

si gnal . Theompagtoz-of FlGM.si gnal begi ns equal to /SSVIR at a high voltage,
and then transitions with /SSVTIR to a | ow voltage. The singl e-ended signal

t hen remai ns at | Qs 0 4 i g?@g“- RER
transitions wt rﬁ%s@?’hy?géﬁgﬁuétﬁ%ﬁ?ﬁg%ﬁ%%‘ﬁg e- (lastn(tsjfetggzsi-é;\g?qtg r§tesn

remai ns at a hi %E vgﬁ(ﬁg , thereby becom ng equal to /SSVIR 20 FIG 4 is a
hi gh | evel SR 0 {Ustrating a single-ended signal slave 210, having a
recei ver 405 for _each signal line 215. Each signal receiver 405 has two )
conparators 410FIGn2i ematio diagnaya illustratingyeseiveng veith indbddually adjusgable ended
signal "SNx" to SSVTIR and the other conparator 410b for conparing S~Tx to

| SSVTR180t delays tohintianm akéw dufing &ankiaission 2 2 5 JUN 2002 WO 99148260
PGT/ US99/ 05120 out put termnals selectively coupled via switches 415 to an

out put term nal 0 l&:sﬁ%- e Srnft fhe ut signal (SN) to
the output ter mF?él 104 |stLa'ép5Fl 'éra%{ey a fa§ ISkér‘g;bF S|8na (OVto 2.5V). As

stated above, S isinitially set VOL .and / SSYIR 2 SNx are
Thitially set SELG: Vs ReremectyeyiEwat ahasEriEdevend of fae R 2350t put

vol tage. Accordingly, the conparator 410a anplifies high voltage SNx m nus
| ow vol t age SSVFR%- %lﬂeisai;logc diagrhimm glustratingha peinprta-peintsistem thaccotdapae withr
410b anplifies high voltage SNx m nus high voltage /SSVIR, providing a

noi se- anpl tHig gentidgnown out put signal. Switch 415 selection is controlled
by exclusive-OR (XOR) logic gates 425. Mirre particularly, XOR gate 425a

compar g5 2 Tul | £i6) {or 8 SNIRARR 1Bili821716FA RS boRH LBbleckbA" ™

SN, and generates a contro

C

having impedance-matching grounded gate p-channel devices inside the integrated circuit.
FIG. 13A is a perspective view block diagram illustrating a unidirectional signaling
system and a bi-directional signaling system on a single integrated circuit.
FIG. 13B is a perspective view block diagram illustrating four signaling systems on a
20 single integrated circuit.
FIG. 14A illustrates a prior art fixed voltage reference whose value is around the

midpoint of logic high voltage level and logic low level.



controlling switch 415a. XCOR gate 425b conpares full rail /SSVIR (/VT)

agai nst output signal SN, and generates a control signal for controylljimznuz
switch 415b. In this initial state, only SSVIR and accordingly VT are | ow,

t hereby causing XOR 425a to drive swtch 415a cl osed. Accordingly, the
conpar at or 410w wuspet ( hi gh) reaches out put term nal 420. XOR PETAK9/05120
drives switch 415b open, thereby preventing the entry of the unwanted

out put signal friiG.ddBoliustrates cohiilemBatary referen@s whiclshavsl the sdmné voltagegwihg as
exanple illustrated in FIG 3B, the single-ended signal SNx transitions to
a |l ow volt -sci]g’hil.m ways, SSVTR and /SSVTR transition opposite to one

anot her. Accordingly, as soon as SSVIR and / SSVTR achi eve a predeterm ned

di fference (pref 20 250mV). + her ebet N, . VI 3 iy ithon.
Sinilarly, as so@&fl géxﬁéﬁﬁgﬁﬁsﬂ% 1 r%g%@\ﬁﬁﬁ%th?toaﬁcﬂgﬁe/gﬁ? é‘rﬁéﬁp%necé bétWeen a
differencecfpre,f erably 250nV) therebetween, the output of conparator 410a
al so transi aﬁa)ﬁgnv(ltaadarp%wném put voltage). It will be appreciated that the
path fromexternal signal SNx to the generation of output signal SN and the

pat h~fos ful | raFIG. 46Briak bladk didramilisteiing théstedingSiagie. PCTNS99/ 05120 VT
and / VT generation path each include one conparator 410 or 435 and two

inverters 430 orp?Q6id. : ?raﬁgﬁ Qﬁ# e Y ';gag%,ls' al s
based on the spelregidg?ltﬂgﬁ%%ﬁ%g |sonu§§ t e{hcg ar at(gegs%%% an t"43 . In
this exanpl as.evid by .t exanpl e timng diagr of FI.G_ 3B, SQVIR
and | SSVTR TR tR e e ey BRMER o BF FerBisE Shale Sl SChuitihe Shthe
SSVIR and SNx achi eve the sane predeterm ned difference. Accordingly, the
XOR 425a wipowet tmthiemereivey whenaiovin wlef f erenti al i nputs, thereby maintaining
the samd swi tch. 415a cl osed and enabling the | ow output voltage of
conparator 41 OFIGo1Passtiingdiagtsim {IREEhtG sigRd) traRsition viete iAQ8 applicdtion
stable. Still followi ng the exanple of FIG 3B, the single-ended signa~ SNx
does n t 'ﬁfm bl b I%mq% / transition relative to
one angE)he(r}‘.ﬂi cc%?agll ngly, cﬁ%n\rﬁgﬁf%;%bl e q}ég%ﬁgstabr 410a continues to
drive a | ow out .t age. en SQYTR and | SSVIR achi eve a predeterm ned
di fference rel a&ﬂbngéfgﬁ]Q%%GWéF%%PBP@tWWMes t he sane
voltage as SNx (thereby avoiding the possibility of an undeterm ned state
of the output siKiGal9 showsa 3G baving multipledusés where sigrals@rre@itedswi t ches
on. It will be 15 appreciated that, fromthe tinme /SSVIR began to ri se,

conpar at or sfid@lneeuslyl drive a | ow output voltage. Receiver 405 is still
stabl e. Each receiver 405 can easily detect and anplify very small signals

on the order of 0 . . -1 I i e

si ngl e- ended si éﬁr 2@%%%%&13%{%&5“@%%%9%? fﬁg tirillggvb}’%\f"gple%cp%%vsl?%e to
its previ O:ES sigg@ J.evel . Since both SSVIR (or /SSVTIR) 20 and singl e-ended
si gnal $°ha wig ed, the sane conparator 410 is still coupled to the

signal output terminal. If the single-ended signals SNx have not

transi tSOned, t 4@Q. 2hillusirgiesih poot priisygemdforDPRRRAM,; avhjeh uses @ chasiglinedtayingt 10
coupl edfat the start of the transition is de coupled fromthe output after

the SSVTR pg ségpmntfk receiver has anplified their new 14 \

—

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

20 The present invention provides a signaling system and method for high-Speed
communication on multiplexed buses or point-to-point connections between multiple VLSI
devices and provides lower power consumption relative to current methodology of interfacing

single-ended signals. The signaling system can be used to connect multiple memory devices



2 5 JUN 2002 WD 99148260 PGI/US99/051Z0 binary state (VT & /VT), and the

ot her conparator 410 which has opposite /SSVIR (or SSVIR) is coupl P@N 2002
provi de the signal output. The old output level is thereby restored. It

wi |l be appreciated that a receiver 405 may be inplenmented w thout using
XORs. This me¥YO#&4826B| enent ed by using the known polarity of SRATUEN05120
[SSVTIR in the initial cycle and all single- e i | arting high. The
SSVTR and PO ARUed s o A mestiey ponRiel (6 blac Sl of i aipeed ol
cycle may be determ ned by exam ning the systemclock in a synchronous

syst em and cdattolrinfogmation.eBymaing nultipledmses, dewicesystich as DRAMs, @gssrpoing switohésp
the even clock cycle and /SSVTIR is high). Then, only the output signal "SN'

i s noni t or @ghdeSsos) Wle SRAMS EndSykidif chMtPolfcps'al i fiitTogetheria ackiev@Bandibidtier
out put signal SN changes 1 o state every cycle or not. If output signal SN

changes st C kS f ! I
SN does not C eafr?gg,glcg?ﬁg‘]egg?fpl e 2‘?1?5 S %gglsglgggg%ﬁrgaﬁgﬁgﬂé hgﬂ'%ef ?ﬁiﬁ af
conparator is coupled and so on. It will be further gppreciated that a

syst em &b SFIRY CathRe S5y aver this bisp aBereans.shelied igthe eﬂmﬂwogela?ﬁé’eat@@ deyices.y

i npedance sources, enables all signals to present voltage and |5 noi se
condi t i ons like OGP ihthelcdhputendystein needrtbe methodnlogiasyand bud steuctistes ©f thid systemn
of voltage swi ng conpai ed to other single-ended signaling technol ogies |ike

RAMBUS, HSTL or pigiloA 108 pedpldtive WieWbiekk QiagYarh MRIsBARAS & dydtEmI00Swiek 8 FRAstrY
enbodi ment allows for very high signal ratés with nuch |ower power

consunption as ¢onpared .t ot her .existing single-ended sigpall .

{ echnol ogi Bevics-(iFERRR e 5 Goiblsd i but eeBid ek (ERERURROR ies) 215 sp muttiple
amplifies the 20 single-ended signals SNx during the transition of the Py
si gnal s wi slaveideviees (Freetvers) 240 svareerdapemwithdhopreset inventipn: AgilHustegtethdhe -
except SSVTR, /SSVIR and their anplified versions VI and /VT. IS 25 J U
N 2007 100 858265 isRonfighied tétdmhuhidate, forl exampld, owerita (20)isigriadd inaludivgg single-
met hod 500 of comrunicating signals froma master 205 across a transn ssion

line 215 t r (RY, i : :
a2 e LSRRI L 00 MR P BEa i ki 0 AT vl e

VOH, and in,ste tii si ngl.e-epd recei ver oufput SN) tQ.a
full rail -%@ﬁ?&%@@@%%@@&ﬁsﬁg@m&%%@% 3}1‘&1‘[5&%‘)@36‘5,
whi ch conpares SSVIR agai nst each single-ended signal SNx, to the output
term nal 4parallel vimtrapsmission linexod S toieach slavg 2K} 1494l b apprepiaterihatet/s isbging
signals on the transm ssion lines settle down. Steps 505-517 are referred
to as syst assditoiifidicdte ddégicd] NOT. Thd bignals $0e8120an bé data pgontrdl o addsbdsas exthes! v
drives SSVIR and /SSVTR to their to opposite states and all single-ended

signal $¢ S i i I } 4 i adRBR S
The. ol ol e e e B Je ik B B B Rl Rty SEailoft Tl

conparatorg, 410., The.tecej.ver 405 in _step 540 determ nes whet her the.

o b - endbke S9gk o Bifalizstor i oter phr S tefuted L B FuRGol ot StrnidBion of s
passes the result to the output term nal 420, and keeps the sanme conparat or )
410 coupl edyst@nt he termnal 420. If not, then the receiver 15 405 in step *

550 decoupl es the previous conparator 410, couples the other conparator 410
to As shown in FIG. 3A, the SSVTR and /SSVTR signals toggle every time the valid

signals are driven by the master 205. It will be appreciated that slave 210 may include

20  multiple receivers (405, FIG. 4), wherein each receiver 405 includes two comparators, one for
comparing the signal against SSVTR and the other for comparing the signal against /SSVTR.
A present signal binary value determines which comparator is coupled to the output terminal

420, optionally by using exclusive-OR logic with SSVTR and /SSVTR. Until SSVTR and

10



the output term nal 420, and keeps the sane output signal (Sly. The
jtransmtter 405 in step 5S5 determ nes whether the signal burst conzi nﬂﬁﬂszn
If so, then method 500 returns to step 520. Ot herw se, nethod 500 e és 02
FIG 6A is a schematic diagramillustrating a slow turning-on and sl ow
turni ng- of f 2womsseey 205 for a single-ended signal in a first pobogdssesibe
referred to as transmtter 600. The transmtter 600 includes an NMOS pul |
down devi cdSSVTRdmyp khahged tiweit biamyniahs, die dnabled @omparatarrin dlvcreceivet 405 detects
tailoring the output swing to SOOw bel ow VIT. The NMOS pul |l down device

605 i ncl ud%ﬂl&léhéngéq&@igym&gme%c@ﬁn&j. having its source coupled to
the transmssion 16~ 2 5 JUN 2002 WO 99/482CG0 PCT/ US99/05120 line 610, its

drain coupled t round, .and its gate coupled ta ew.control circuitry.
620, "The. okew o it eBiPErobdH Formiptaahion o ARuS SspAnEiE Hoer) Siknals o Rrbinfed
two transistors T2 and T3, coupled between two resistors, R and R2. The

i nput to t ipeeforably atisubstantially shesampy tinte fromtheisgmg|chipoietanother ehipor pheslityrof
exanple, to generate SSVIR or /SSVTR, the signal control 5 device 625 may

be an 08cCi Ichips@onndctedwnl the Bis aRPpreferatil Havd @ibstabifialpfeshmefloddihg, afdn
be adjusted using a register (not shown) and a serial pin (not shown

during initjali j .S el I \Y; age :swi ng:..f :
Govi o var Sl BECOHRR AOsibfls R aioRf). AARE it Uhyl B RAE BResiBhals
i hown i n s Sch her, et al.,. "CMOS,SuhnanqQsecond True-E 0 t
bt for | Brogiiyen PeCtPDI G subsientally the SaImastime O ts SARMArGAAF HIpE o diBhareas

may 1 o also be used. Mintaining the current at 20ma and havi ng parall el
t er mi nat i oosother blocksinshesanvochip and preférablydave substangially thd same loadingaswing
contrdgl led by R and R2) generates a SOOw sw ng under all conditions. To

have sl ow ghé Sledtdtel(@hkn e Sgnal ark MAnSHbMHE). AG st 99 Bhd 20] deScrildd Bddons,
signal coupling and term nation network swtching noises, the skew control

circuitry tr ol e |l sdown tr i Xy a rn.of f
o1 ont y 1 BRBEERH S 8e Ap¥ontion £ 34k HRL A Siepd e Rk BhafiE s gt
O Hns for SOOw. For a uniformly transitioning ranp-1like signal, the
preferred 8w rate of signals is four tines the sumof two inverter delays
and an exclusive-OR delay in a given technology. In 0.25p CMOS technol ogy
wi th an oper at i Ty facilitategextieinely high datactransmissicar ratbsloargr this Slempakse therhls and
the exclusive-OR delay is approximtely 120 picoseconds. Thus, the 20

preferred gy@¥ draiMtidted MheA SSVTR RII¥wIBE., IMOER ¢OMigh). AlPblogk &aasfer begins
transmtted above the rate of 600MHz, the signal slewrate is preferably

| ess than 110% of the si te. Th ref err ew. rate faor exponent i,al
S onal o 15U fhe ey xRSV o 418 RaF WIS TR @b oY PRIERRE 12
earlier than 3/4 of the transition tinme. . The differential signals

pr ef er &bl yreceiyss 403:for thedgst binary valug of fhesignal \idissllows b of everpaumber
through the voltage transition. At around'/ of the way through the voltage
t ransi t i onef bite Whemwthe sighaly aced wichangesdisetioh (diectoith bldtipled hathrecafisigmals),
convert éd quickly to a large swing signal. To avoid noise anplification and

to prevent o3¢ &RbreCdREPLYdIEs thiy bb fequBed FrettRhS BN ROBud Afedtb Propagation delays
non-transitioning single-ended signals, the transition time between 75% and

the or settling of SSVTR and /SSVTR, when they are bi-directional. FIG. 17, described below,

illustrates bi-directional timing for bus turn around to avoid lost dead cycles.

20 FIG. 2B is a block diagram illustrating the system 200 (FIG. 2A) having transmission
lines 215 with external impedance matching resistors 220 having termination resistance equal
to their characteristic impedance, which is preferably between 50-70 ohms, at the ends. The

termination voltage is labeled VTT, which is preferably around 1.8v for a 2.5v operating

11



final signal value is preferably higher than the sumof two inverter del ays
and the exclusive OR delay. It will be appreciated that the slew rate jgR7002
go as fast as it takes anplified noise to reach the output of the

conpar at or 410 whose output is coupled to the output term nal 420. That is,
upon recei vi N 99/48260-t r ansi ti oni ng signal, the switches 415 swRUSILASE0
before the . s conparator output changes state based on noise

anpl i fi catYaiage Gfor V6K pfR.5¥1andnéSS of P¥+ The nomigal-valiage awingnis prefersblyssed less
approaches an undeterm ned (noise anplified) state. The swi tches 415 nust
swi t ch st athes olevdlt, préfemablinidsy thand0esloDHihie Bupply eohages and moktyreferably ssvdt! be
further appreciated that device m snmatches, nmanufacturing tolerances and

signal ref j i G f

compar at or Y- sfbfole. 8 it MIACERRE Inebuibl igh VBt 814 nd ot
gate del ays, faster ﬁt{?w rg#es and faster signal rates wll be achievable.
is FIG 6BOMYolage (VA1 -agram il lustrating master 205 havi ng adj ustabl e
signal slew rates and skew between signals, in another exenplary enbodi nent
referréd to as KIGaddnisattiming SiagramdHustratingthGemmplementins referendedegnals SSWIRN
devi ce 655 coupled to the transm ssion |ine 610 for accurately tailoring

the out putandESYTR G0 H8hA)YensE imdESSWER ifitinles dOVWOLTME S8 VATOrifisbs 8ES

a pull down NMOS transistors 660 connected in parallel, each 20 having its

source co t [ 1 SSI1,0N, A4 61 i rajn. Q %!ig
and its gg? éﬁg%&ee@& ‘é?"’?‘gi@@ %ﬂﬂ ?%4)5 gﬁy%sua?{trh%ﬁ%gg?&\g%é@%gl%g@%/gﬁ to
circuitry 665 includes,a CMOS inverter, conprising two transistors T2 and
T3, coupl e¥Obeat thesame timeandsthg erminationassistangrs 220 il upS9¥ERda YQH; The s
The input to the CMOS inverter is coupled to the signal control i8 25
JUN 200T \Mhgd&énded Gipnalsithat3ee hiphld?e hdleat SEOH Dy thd teemireting tresistamtes. Bripennd
675 tune the rise and fall tinmes. It will be appreciated that the rise and

fal | tigmeseRdeqintd, $ES 1Rk 16 sBRseHETOLIE teve ST Mﬁ&@igﬂgs hA¥etheARGLBA junction

crossover of all 'signals and sensing of all signals by the differential

receivers t [ sj ne Achh evi.ng .S tr {] e sl ew
ate and QTSRS SYATC R blme e a AR g e R VCRL B T feathe
fuses (not shown) or during initialization on board by setting a_register
(not _showsjeady staigat IVIBeor g Yibo (The &5 VHa end FAS\CTR pasferably baveieghakriseand del) be
slightly higher than the signal rate. In sone heavily | oaded buses, the

SW ng can tinges| whéremseadh rise hndk fallctme iofpprozinausly halfiof heyelesimesof dither reference.
presenting SOOnw for the receiver 210 to sense easily. It will be 1o

further appreciggespi {mﬂ@ég ?E‘S"g‘?hﬁ%ﬁﬁﬁ VERPAIEREVAR AR th | |_nMes
and vol t age svvipri\gsgi%trlggposs ased on ?gghnol ogy, | oading, gé\g%ir]nggéei ver
acqui si.tiagn,and resal uti on del ays. en transjti i Slightly_higher
Than Jgnandflggid; Thyynglnedy {3t niBh yBthent b B85 oo
percent of their final value, while bursting., Also during testing the skew
bet ween sitigsitions with /3 YFRte adow voltegr Hhrisinglewnded signelthen mamaing 3@ Iswos
pull down 15 size and resistors in the gate prior to it, using well known )

t echni quewoltages tHepebgrbetommingdqual 100SSVTRend then traasitiens witk SSMERtd Dhighhi eve:
t he signal waveform shape as shown in FIG 10. As shown in FIG 10, all

si ngl e-en J I . i ned . %?p% of
tLegSSVTngﬁgg?/ %@%ﬁ% B%chrgiﬂsigig\%? ﬁ%n %Al%gjé’u%?%gya ter F g ?iﬁﬁg to

be in thi? $§.gﬁe. 20 FIGS. 7A-7D illustrate alternative enbodi nents of each
si gnal red¥ 405 of FIG 4.

i)

20 FIG. 4 is a high level schematic illustrating a single-ended signal slave 210, Having a
receiver 405 for each signal line 215. Each signal receiver 405 has two comparators 410, one
comparator 410a for comparing an incoming single-ended signal “SNx” to SSVTR and the

other comparator 410b for comparing SNx to /SSVTR. Both of the comparators 410 have

12



It will be appreciated that the conparators 410 of receiver 405 need,to
operate during every cycle, requiring small acquisition and resol uti 8@ JUN 7002
del ays, taking no input current and injecting no current back into signal

| ines. The common differential anplifier satisfies all these 19 z 5 ~uN
2002 WO 99/ 4ip0o/4826¢ USO9/ 05120 requirenents. Referring to Fl GpoPusdogize
recei ver 210 uses dual differential anplifiers 702, one differential

anpli fier aftpat texminalsrspleciive]y chpled viaahvitshes 415 8Ididutputdemniaalb420erit will be
differential anplifier 702b for conparing the signal SNx to /SSVIR For
conpl et ene ' | ' | b A ' ' )
The i 1 or SR aptel Uk HEKRY naSADAD TS dtpuiehniogl PG s JRelebIP LRI REE .
when the SSVIR val t is higher than the SNx voltage, nore current is
driven acrﬂggall@g t‘?’%@)transi stor T10, thereby pulling the output voltage
at node 707 high (close to VCC or 2.5V). \Wen the SSVIR voltage is |ess
than the SNx voAs atted ahove, SSVTR ds initiallyrsete VOLand /BRY TR\mosl Sﬁarm initigllyTget
1, thereby pulling the output voltage at node 707 | ow (close to VSS or QV).
The di ff er@WOH. SN inftiably sefd\efull Fail Gigh. %bﬁt%@&h%e.sﬂbétﬁﬂiﬂgmlﬁe ésmparhdi g€
swing (OV to 2.5V) output. The outputs of the differential anplifiers are

anplified ' igglpy ' [ 11&%5{ 0. \S‘&@"' a 851
gates 706 @%%@éﬁﬂge oogl%gﬁlesﬁ&g?ﬁ%(lf? ?8 : ?e\y?i}aﬁ‘g%b |onhjg]gg]az§?g§%%‘%;¥te
sel ectively operated dependi g oni*.he ampljfied state of  previ okg | gnal
(SN excl uSEwll Fherempaiatas 4108 amplifies wah volieer SNX sipwrbigh Vokasa BSYTR, v
or /VT 15 respectively. The exclusive-OR is designed to be stable w thout
glitches fmovsling 4 noiscramplified uskriownsousputwignal. SBiwitol 426 delestion iszohtroljed bei r
respectijve logic levels. Various enbodi nents are showmn. FIG 7A illustrates

an al ways é@ﬁﬂiv%cbﬁiéMﬁBgicaéamaaF&i MaE §amchtaﬂ?pbw1t Btel4230 2Binpates R i

bei ng selectively enabled Tor small device count and hi gher speed as

alterngtiv odi t, 700 G 7B illustra a differenti | fi.er 20
ana D ¢ rSCTR BEel sfend 0L Apeibe yep i) SR, Apllghacihfin b Rl eha 15
alternative enbodinent 720. _FIG 7C illustrates a differential anplifiers
bei ng enabfoatrolipgismatchAlaac XOR,gatg 42 Fhcompar Pi)ﬁ%pr raildReV TR (i) againsh quipptof
transm ssion gates during transition of exclusive-OR output and sl ow

enabl i ng ofigriah 8N, aad)genesatesoa camtod sigakl for conteolbng switclv 18R Insthi(initial state) UN
2002 WD 99/ 48260 PGI/ US99105120 settled as alternative enbodi nent 740. FIG
7D il1ust r&ﬂfssmms}di@; Var 81dvi! thé@eby cadstiSXOHR 929, #0\arhve'sWittal4138

voltage for 1ower power applications as alternative enbodi nent 760. All
differenti gl lifiger es can be di sabl ed, oyer reduction

recei ver o‘?%ﬁﬁag%“‘f’?féﬁlﬁ!g‘i %c?zgp%ltér §g¢ae%qt}8‘dtd@fg% ﬁgacg%/% u#j%’r @%‘gn"wf
power -down node. The differential anplifier can be djsabled by turnjin

t r ansi ¥t or42p:drives switgh 413t gpen, thereby mseventing theenirypfithe upwanted oytpag s mnn

FIG 7D, the power
) comparator 410b. Receiver 4035 is stable.

Following the example illustrated in FIG. 3B, the single-ended signal SNx transitions
to a low voltage. As always, SSVTR and /SSVTR transition opposite to one another.
Accordingly, as soon as SSVTR and /SSVTR achieve a predetermined difference (preferably

20 250mV) therebetween, VT and /VT transition. Similarly, as soon as SSVTR and SNx
transition to a predetermined difference (preferably 250mV) therebetween, the output of
comparator 410a also transitions (to a low output voltage). It will be appreciated that the path

from external signal SNx to the generation of output signal SN and the path for full rail signal
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consunption can be further reduced by another 33% That is, the voltage
swing will be from1.2V to 0.7V, allowi ng decent margins from grounddFdNAYé
and | ower power consunption for portable systens. The operating frequency
can be conparable with | ess nunber of 1 o devices on the buses, which is
common w t h PYOYYs260 devi ces for snmaller formfactor. The trandGT/US9y/@P30
can still be an NMOS pul| down Tl or parallel connection of NMOS pull downs
660. Recei Ydrandd¥{generation pathgach inad e qomepamter £10-e1t432| and tpoiinventers 430
beconmes a mrror inage, thereby increasing the gate capacitance on signals
goi ng i nt oost 440. PFiuspeuch XQR42 5fwill recetpeneb lirgpup sighals basedeonalie spsadaod that el y
two tines due to the increased device size of 15 the P-channel. O her

confi gurat] i i SR add , | Y : i

Gi 1 eront i SHeon B G GRAor W) bid 1 1nis SRl & Qi by (6 bfople
alternatively be used | d he djf ntial .anplifiers sh One
ki &1 od | niming Siegtan o4 FIth aB SEYA Fad SV Bl Schigtpregsieraiang dugersnee o
different VITs, one for signals equal to 1.8v with SOOnv swi ng and anot her
for osd | | theisame tinfecthath 8V TR gmd | SN>eaphadvettbe same/predetengidedndifferenng. Al |
signals 20 transition at the sanme tine and have simlar slew rates. The

same tr ansm&r,&ﬁlgﬂv'} the' XOR! 425 vifll donfiftfle fHPYea&IGe Hifferéhitial inphR, thélebYiRhiRMining
will be appreciatéed that the DC bias point of each differential "anplifier

in the recgi i ont . .aur -1 h Lver I

5 bel ow HaPPapeevik 1 S0t RPN SulrE Sl s ot (BaBHRE A B b IR
smal | swi ng vol tages (single-ended signal SNx and SSVTR or /SSVIR of the
enabl ed di PfoMRIK g @30; Reeeiyer4Q5 isisill stable. v H and above hal f VCC when
both the small swing voltages are close to VIL. This DC biasing allows for "
adequat e nmar gi nStilhfblloveng thecdxiampleodf BiG. 38, tiss single-efded digma: (SNx doesglos- ended
signal SNx does not change state and the SSVTR or /SSVIR of the enabl ed

di ff er gnt i @lnsAiGAl 1Ad fvays SSVAR B4 ISR baBGRON bedhtive! 9708k aRsther, CAbdortifhgly,

de-coupl ed. Since the receiver 405 operates during the signal transiti

for a small _sw,n iLngle ended signal. the concept of set:u h 34y ITE
froma sparRti epsiPemeftaieh aTe Situinup L 68 KB MR oittfe, Pish SRERR T
previous signaling techniques no |onger applies. Also, there is to no VREF
(referenc Ha'g)aohmve @W?W‘i/&ﬁﬁ% relatijedp opganether, bplbeforepH¥ERng
the timng necessary for set-up and hold and the timng needed to enable

vol t age nmaeaches tHeameawdtageascSNx (itherdBizfavoidireg thp posdibility 6ff enouieieteyrmiised state of
considerably increased with | ower power consunption. Further, all receivers

405 are sehf oﬁfg:?)?ﬂgnéé%&ﬁ@)(bé{ Jii@sdars%ﬁ he{ ?Eaﬂh%@kokl %svﬁ{chggﬂf%ﬂgntm be

receivers 405 juste ndividually for elimnation o oard or
packa 15 | evel ansm ssi Qn s@ GS. 8A.and 8B are he i,C di agr ans
I U tiar ranpreeied 8L e fhe S0 SRR bewinidaish omprardlar 4 RAp U A4S BIOY 435
includes a differential anplifier 802 (FIG 8A) or 852 (FIG 8B) simlar to
t he di f f ercafipytapltages| Receiser 40P istillstable. 7A and nultiple inverters 804 (FIG.
8A) or 854 (FIG 8B) in series. The full rail output signals of the )
conpar at or s 80ZEahdeddivtr 403 can essily Getect/dit] ampiily, veryvdmiall SighMEdn the erder of
transmtted to all the single-ended receivers' XORs 425

100-250mV. If the transition has occurred in the single-ended signal SNx, the output signal

SN has the new level opposite to its previous signal level. Since both SSVTR (or /SSVTR)
20 and single-ended signals have transitioned, the same comparator 410 is still coupled to the

signal output terminal. If the single-ended signals SNx have not transitioned, then the signal

output SN does not change, the comparator 410 coupled at the start of the transition is de-

coupled from the output after the SSVTR and /SSVTR receiver has amplified their new
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(FIG 4). Selection of VTI, VT2 or VI3 is determ ned based on testing for
si.gnal speed substantially equal to that of the receiver 405 output iy 2002
SN generation path. 22 2 5 JUN 2002 WO 99148260 PCTNS99/ 05120 FIG 9 is a
schematic diagramillustrating receivers 405 with individually adjustable

del ays to el i wiopeugzeekew during transm ssion and to convert snmapeTRSH9AS1RE

| arge swi ng by conparators 410. To tune the operating frequency or voltage
swi ng for dindrpstateg®FT & MT)cand theoithereomparator1D wisich has epposite /'SSNBR f(or
storing data to enable delivery of one of the three VIl & /VTl, VI2 & /V 1~

or VI3 & /\gg}r—n@)- I [ ' j a
hard-w re | ayout %P&l algi %tﬁﬁ(‘a’g’é nt%?@dl@g@ tf (3)1?1 et())i§d g??g%%?gﬁgﬁég?lgnlgﬁo%.
conmuni cat i on. e.hpster 110Q i ncl udes receivers. 405 and.refurn .

Cransm ¢ ter s 11d5vEDRikrefiaRd chal a st 3t iwplomeRkd ok peine XQRs-
signal received such as signal SO is coupled to a correspondi ng receiver.
405 such adhismay beimplementedthy usingthe knpwapolatity gf S8YAEnand /SSVIIR i thednitiab
transmtter TO. Preferably, all single-ended signals SNx may be grouped

t oget hes W!c?&e%n_& hﬂ@ir%l@&ided%i%rﬁ&\éfﬂtiﬁg HhighSTHE BSVATe ared/SSV TRIG4AsIG6n in every
persons skilled in the art will recognize that, for a given operating

frequency, . . i j W e t

of si anal s LY (TGP eir Al LR AN Ay BOakeclB B SRa i e syl HBEK
| ayout is inplenented so that the js capacitances, resistances_and . )

i nduct ancedn 8 PSﬁmRnaﬁagans cyrligtast iwrfyen Cchgﬁé{F@s 61 %Sqé'fi%a* laveiny.
Al so, since SSVIR and /SSVTIR go to all of the receivers 405, the total

| oadi ng on tBXWER clock cySI8\NR/BSETR is high). Them, onlydble oBputisignal “SdViis sonitotdd to
very Fow power dissipation and close physical packing, the bus can be nade

as short agowyle ahdi&coihle B domparitbrs 10BASed SfonSkRstheribuRR GfinaPSN!dhaRgesand

hi gh 20 data rates. As shown in FIG 2B, the resistor-term nated

control}ed-j rSS . eqat . si | . Ghz
(s cybr eptaEipaRLeaIS O IE Bl e g bleb Rl cobRA Tonteliy Bot
affected by the_| pading caused by integrated circuits |i ke DRAVS mpunted on
the bus. THloBe [fthegupubsigeal SN dees %Gg‘?flﬂ?p@& couplad comparatqrds dersoyplad and the
whi ch both lowers 23 2 5 JUN 2002 WD 99/ 48260 PGT/ US99/ 05120 the

i npedance other bamparates iscoiplédandasen. t he transni ssion speed. In the | oaded
environment, the bus inpedance is |likely to be on the order of 25 ohns and

the propagati onpgiicse fuythed ap?re%‘fifédl‘ﬁ:at ngﬁexﬁwodyﬁg the kRRntioh endblét’dlve the

bus fromtwo devices at the Ssane tine. So for busés | ess than about |2cm
one dead cycl €. 0....2N i s _neede o settle for w tching frrom
one. dr rver Yignis SpPeonighRd 10 o ERPERbEsoUce: EnabliS ofl el o brtofbl viltaRE snfi0
needed for the signals to settle down befaore a _new transmtter, can drive
the si dhal noispeonditionanrirtually differeatigl m notseipuunity, apdenables reduction of voltage

frequency in burst node fromthe sane device. FIG 12A is a perspective
vi ew bl )oc k setinggompardd toothen single-endedisignating pewhnologies likelRAMBUS, HSTL or GTL.

(

The small swing of 0.5v implemented in this exemplary embodiment allows for very high
signal rates with much lower power consumption as compared to other existing single-ended
signaling technologies. Further, it will be appreciated that each receiver 405 amplifies the

20 single-ended signals SNx during the transition of the signals without the need of a
conventional clock or other timing signal except SSVTR, /SSVTR and their amplified

versions VT and /VT.

15



10 1200, which includes a bi-directional master 1205 coupled via

transm ssion Lines 1215 to a bi-directional slave 1210. The transmi £9i 8 2007
|l ines 1215 i ncl udes upper signal SNx Lines 1220, |ower signal SNx |ines
1225 and SSVT'R and /SSVIR lines 1230. As illustrated in FIG 12B is a
perspective W@99/#826ck di agram il lustrati ng poi nt-to-point systPEUSIMS5120
incorporating term nating resistances 1235 internally using grounded gate
P-channel devi cBY3. 5tisadlopehartiiliasteating ampatheb 3P ef somypunicating signals from a
external resistances and reduces cost. It will be appreciated that the

t er m nat i NRaGtaSIOR RN6HE 2 thansrnission I 218pb areseived 4051 Method 800bégine sithithe s

i nstead of grounded gate P-channel devices. Termnating both ends wth the

of d gate P- | ting both ends wi
Pinals orfa ARSI SO RATREIE K SO £ fe clfipd SpHl TSP Rland
e suf 1 CHERNED AR, Pl st ek ecAL SRp-ccrtmseeier eutae (o) Lp o il aif

proxi mat e, inpedance matchi ng resistances can be replaced with snall

pul | - up dehigl.eThe ceceive4@S incdep Shfdcomples theeninpasatond Haa iwhictheompares SS¥IR
rate. 24 2 5 JUN 2002 WD 99/48260 PCT/US99/05170 It will be appreciated
that multi DERASindl e RAWigRISNR! totBY bapat letrimabi 280/ he Teceiverd0B. JHAM

or DDR SRAMs, where signals are transmitted and recei ved simultaneously.

FI G 13A is_a.perspect] hew bl oclks di il .af efelapo]

uni di r ect i'§%4 era@g ’%%{eél%rlzgtf Eﬁ\ggﬁgl;?g’ 3%%%%‘?& L‘ﬁmé@% a 'S|s%§’g305'517

integrated circuit. System_ 1300 includes a naster 1305 (e.g., a nenory

cont r ol | erare teferpedto apisystemanitiaglizatiodn | i nes 1315 to sl aves 1310 (e.g., _

SLDRAMs) . The naster 1305 transnmits address and control signals via address)

and control | i rMEse th3gér 2050inls&pFH20tsimubaniepusly daees/SSVIRt andyB§NARs toetheivss

data lines 1330 and 1335, transmts on SSVIR and /SSVIR lines 1340 a first

set of SS\{)}Boﬁgk.C'st!im{ sheleonaes sigha.lﬁ SNx35 R tdd 1SRKT Rille fesivex408 i NJ
ess and contr ol t

1
t he ad(yr sighals, an ransmts a second set of SSVIR and
;

/| SSVIR referenges (i.e.. SSVIRI and /S ) I . ess
and contr ?odxﬁp%ffstpﬁémg §?@ﬁ$f@%@%é§ﬁﬁ§%&%§¥$§nﬁgi%ga S needed
only by the slaves 1310. The data portion of the system&)gop i S )

bi - di r ect icomparaiersdd 0o Ahasoeiver 405 stemd4Qdetenmypey whether the single-ruded signal

VWRI TE operation. For an SLDRAM the 40-bit command and address is sent in a
packet of ttamsitionedblftso,ithenthedecei ZBWORGh atep SASPasERthewksulhtorthy obtput tdrminald
to as the systemdifferential clock, operates at SOOvhz. A Phase-Locked

Loop (not 0 ' ?qmt" UHERehaPaEh. Lol hd GU4S
i nt er nal p‘l‘t?lr6 b%?e%ée;?\gﬁ ri v?ﬁ%ﬂﬁ?ﬁd@éﬁtogog\gitég%&v&w th SSVTR F:ﬁ%ﬂ/ SSlpV"lI'1 I%\Ifé":;:)ﬁlrllﬂl'Lll

both ed f 1 Ghz. All hah f '

Cer m rit ect5 5P oD ABEBRes he Pyt cPTreb 410 QR aHF Sfhés S o,
termnation on 20 the nenory controller end can include external .

r esi st ancdhbe otputierminal €20, gad keeps ths same tpgl signab (Nl dTprensmittardiein step

devi ces, since this nenory controller is usually the master and is fixed. °

Si nce t he 338rdeesrmiries avheghen et sigriabbifet\bdmtinhidd OIf Soj thet mutierda§ 00 tehiras ti stops)
is variable, conmponents 1310 are preferably term nated by external

resistors g, (difenck, BietiddS00 ends.

FIG. 6A is a schematic diagram illustrating a slow turning-on and slow turning-off

20 master 205 for a single-ended signal in a first embodiment referred to as transmitter 600. The
transmitter 600 includes an NMOS pull down device 605 coupled to a transmission line 610
for accurately tailoring the output swing to S00mv below VIT. The NMOS pull down device

605 includes a pull down NMOS transistor T1 having its source coupled to the transmission
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2 5 JUN 2002 WD 99/48260 PCT/US99/ 05120 transm ssion |ines. The-18 bi;)
bi-directional data bus 1330 and 1335 operates at the sane frequency 35 tW'NEZOU?
system cl ock for synchronization and sends data in eight 18-bit words in

four clock cycles (8ns) or 2.25 gigabytes/sec froma single SLDItAM Care

is taken to lkwpdangs2eé he | oad on SSVTRO and / SSVTRO by addi ng dpgivyshsieSizo

and lines to | ook conparable to SSVTRI and /SSVTRI . This | oad bal anci ng

nmakes the §hedl10,ds@raiieotpled @ngionad,kad sisPatedounpled t8lskewonirsll dirthitAP620. TFhe
for all signals. Wen higher bandwidth is required, a system 1350 can use

four buses 0 4 Cmﬁ‘? D e
used with %@%@ﬁ%ﬁﬁ%%@gk&%#\é&%@%’s CO %‘g%?‘g Fom & 011\/\%’3]%?5’

I gabyt es/ k data bandw dth. Alt h~~'" 1ot t 1350 d t
Pequi T e oy PGB ER Bracssrirs Ficand oo it ekt 385 OO SEumFs o Goumied trfo
system 1350 can use synchronous clocks to transmt data at a particul ar
time and f sigoalenniyolfdrviced@5. dor exmnple,go geveratecSSN TR g /S$V'|5'Retﬁe$ig'nagcontrol
protocol s of synchronous DRAMs and SRAMs. It may be desirable to use an on
chip my ti gdvigs 625 may B¢ aNloSdilatbr, Ot will bé Bbefigted thAGhe amblhtfPulll doviT SihShe
data at hi gh_lfrequeﬁ%y W ?hcl)ut 1;31 hi gh jsp%ed clock for ~ 5 syﬂri\{:hroni zation
0 the art SouReL tre SR o gud reralpi PR SR PoFSripidbinelratertet st
si ze, sync&reonouqs% %Etagésyn,chrfonous, hi gh &andwi dt h syégtgms. gigeﬁgonc_epts
further exPe&PHEGHY sWipgtforany RIogessIOr deviea yariajions.(Oteer met@ods like using
provi ded below. 20 The first concept relates to having conpl enentary
r ef er encesfeedirack teebniques toeonkrols shévim i Hans Selnimachst, @ral. U CMOSfSubmenosebdmd e
referenge "VREF" whose value is around the mdpoint of |ogic high voltage
level (VO Tuedftel, bt bhfed el QirculEVIRES [30ors54((Reb. 1%*99
usual Iy has gome D%@’of?set’f'ﬁ%ﬁ%dh% varllrcati’on n pgg)aﬁv@? suppl y(Fused %\@arts.
26 2.5 JUN 2002 99/ 4826Q PCT/ US /05128 enerati.on, thi .var}. iﬁrrlll
11 st 1 oRlS0.8E egpe MAREINE heesirent & ORB A5 SEIRE THEA R ertppiudiof bt S ohths
i nstantaneous variations in power sup(gl y vol t age, ﬂ;ound bounce, capacitive
coupl i ng aenibatheénds ofithe traugshissign ¥ine 61 Gi(is cantrolled:byyRd and Rﬂ)semrpteea&%ﬂman‘
swing to the conparator used in the receiver in the prior art is

i |1 ust r at esvihy uhde? all'doditions.t T hevd sloweise ahé fall timies bi ¢he\Gutpiit d16 minimize
differential signal in the prior art will be on the order of 1/3 to 1/4 of

t he total L%&gﬁ 1 : MolcTR 1 s : ns
and net ho sﬁo t ’eéwg%‘ﬁhé‘?h‘ﬁggé conﬁogr?%ﬁ?%‘r&%e erée%%%%gvs%%ggﬁﬁé§§SVTR
whi ch have .the s vol e sw.ng as an ignal (e.qg.,, dat or.,control).
' & of of chRBERRATel e phl doge Rradaos TG Birn Bl e s i
voltage to (VOH) of 1.8v and a logic Ipyvlgvel@éva_) of 1.3v. It wll be
appr eclsat cpreferrad sleworateie 1 6pa/volt wi itisinctiroes efr §:8nefos 500W. vol t ages i s
around the mdpoint of VOH and VOL at every instant of tine during

operatioon of t¥di aliniformniyBarkitidn®ip ratipelike gpidlsthepeefeited slewaR BT sidials is

ref ererfces have sane transition tinmes and voltage swings, and are Initiated

a the sarfoud s Qi tud iFerhP HOGSs ARARFeARREORMeth P gi%Bh Reol3gP® -

general |oc
In 0.25p CMOS technology with an operating voltage of 2.5V, the inverter delay is 50

=

picoseconds and the exclusive-OR delay is approximately 120 picoseconds. Thus, the

20  preferred slew rate is approximately 880 picoseconds. For signals transmitted above the rate
of 600MHz, the signal slew rate is preferably less than 110% of the signal rate. The preferred
slew rate for exponential signals is slightly faster if the signal reaches 75% of its final value

earlier than % of the transition time. The differential signals preferably cross half way
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15 be sent to the receiver. In other words, the conplenentary references
took just |like any other ~ signal. However, the conplenentary referz%nwemm
toggl e every tine other signals need to transnmtted. Since the

conpl enmentary references use the power supply and ground at the sane tineg,
all noise i sWOMH4BA6Mhode. Therefore, the VREF variations (VREFRCERISIY/REIRD)
of the signal swing needed in the priaqr art is unnecessary in the systens
and 20 net Heenrghdhe voltage transition; A arqund v+ obthe way threugly the voltagetransition, the
digital signaling, one conplenentary reference wll always have opposite
pol arity tsighdlehavegndiffereincé bfatiua250mt which ¢af try @mvertéd quicklyitoa langd safing he
end of the reference transition. Thus, one reference present will have a

Lo oS SRR i P B GO ORI
\Y; I . pri. A ' . . 1 1,/4
o e T S 80 S AR DB g

half of the transition tine needed by the prior art to achieve_ the sane

di fferenti ﬁna@ignbval@mismr@fe@bbriaghmﬁmg&e sumoefdwerinvertas delays ped therexglusive-
recogni ze that, for optinmum performance, VOH and VOL shoul d be set anywhere
bet ween a ORWeMyNdt ®ill Be hppraciated thne i sléw eat ue po as 3t s it bkes ainplifibd ndisedo

mllivolts above ground, with a difference between themof SOOm|livolts.
The differ e QB{E\( ' ]{tP& deXinGE.

m smat chesggﬁémgégﬁgafgéggﬁaﬁgﬁgﬁ p&’/ﬁe&fz i%t elgoc?)u ge%[{éﬁ efec(’: onts, 420.
especially _in_infra-chip comunicatiqgn. The second, concept, relates_to

havi ng dualbat&HROMISSFYITEG NQIERANSIURNIAG Fignal Hieswitchey,d Rusviitch -Wgeiggarﬁ they
FIG 4, since the signal is conpared to both of the conplenentary T
r ef er encesgongpardtor axtpitobanges Gtabembasedon noissamyilificatioonThe ontput afshe cymentlySNx
to SSVIR and the other conpares signal SNx to /SSVIR At the start of a

bur st for ansoubledomipafatsrATDAppFcAEhN dnlindeferinined gﬁé'ﬂé amplifitd)StA0.aThe BwittEes

input is coupled to the recelver 210 output and the ot her conparator, which

has no dif i ' i - coupl ed .f Ce 2 | S

This is do‘i]lglﬁggtisﬁlhfiﬁ g@l{%g’{: f%%?h%ﬁP%f 4 "'s“gg ﬁg&%hg&éﬁ% &ﬁ@%‘%u%‘?%@% e?ﬂ elrlg}nce
transition, then the conparator quickly senses_the signal as dji fferenti al
anpl i i er ,apPgmciated thatgaviGeymisgmatohes, nyREACHIIRg t9lerances at“l‘m@%%tfﬁﬁ?"t’c"@ Willettect

opposite state. If the signal SNx does not transition (i.e., only the

r ef er enceghe spaediat which, the oatput dfithel comparaturi4d0 reaches theamdétermimep atate. 0As tiei ch
is coupled at the beginning of the reference transition will steadily

reduce t hrigaifial FAVRE, datddeldy s Pastes QleV Rt RL fistei Signal ResWill B¢ Sdhidwvable.
input is provided. The differential input to the conparator which is

de-coupl ed at t L nni f 1 Inki Q0 Wi_| |

mer eaBe t hr oudCt AB T RaHRReRl ol i GisBRRE shdspi 705 R VinbiadysB e Ylbat sfew,
signal is provided. The originally coupled conparator with nqQ differenti al
signal at Tales andskesy betyeen signals,in apother exs |e§eb°$ﬁaer;!se£rr23 10 a3 fansgyIties D
99/ 48260 PGI/ US99/ 05120 originally de-coupled conparator with the full )
di f f er ent i680. Srapsadittert650Hnclades amf NMQ@S pulh dewnidemice 655 coupled to the transmission

¢

line 610 for accurately tailoring the output swing to 500mv below VIT. The NMOS pull
down device 655 includes a pull down NMOS transistors 660 connected in parallel, each

20  having its source coupled to the transmission line 610, its drain coupled to ground, and its
gate coupled to skew control circuitry 665. The skew control circuitry 665 includes a CMOS
inverter, comprising two transistors T2 and T3, coupled between two sets 670 and 675 of

parallel-connected resistors. The input to the CMOS inverter is coupled to the signal control
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coupl ed. The present invention uses two conparators to sense one signal.
Further, the binary nature of digital signals assures a full signal w7007
on one of the conparator at the start of every possible valid transition.
The third concept relates to initialization. Since only one conparator at a
time is couplwdobmskéne receiver output, it is inportant for promRefusessnsize
operation to have the conparator with the full differential input signal

coupl ed t odéviee 625 eThweresidtod sety 6p0and 675 hinetherise afd falliimes. .1t Wik befappreciatdd
the signals SOx to SNx are initialized to the |ogic high | evel VOH By

turni ng of {haf‘{l{/ éjlg g"fé'_;[ll’ﬁﬁr%s afe 'r%fe?e{ﬂlfh.g & gﬁtrﬂ@ Bsdible Yohave Ridipdtht &b&ver

the /SSVIR to 0 conn I'ng O termnation resistors
or p-channe ul | S, Wt es turped on_and,source connegted t

T vt all apald B ginstng ol i siaas s the GHGTERAEL FHRGIVESE 19 ose BTSSR
for SO t hnmugh SN are pre-charged high to VCC using p-channel device 1615 of
FI G 16 t oAchisving sytmmettyeand setfingabe slefrerag andromtipit siving cancbecanlipdved idueing the
conparator with full differential signal to the receiver 210 output. 15 The

fourth g£onesig plﬂsab?mmnglf%akn&%aa@ﬁ ) 8} &ftirighitAliz&tion ¥ bbdt B9 seRingtd10se

skilled in the art he characteristic of a differential anplifier is to
anplify a s difference to a |l arge voltage difference. Voltage
gainis tyf?igng‘ll I(ig&f&lgﬁﬂ%% to 5 times based on the device size and matching
of the transistor._The inverter sitioned after the di fferent| al anplifier
provi des addi t i Byl bgapRreciated-tha &hesw%mmmpsméw be slightlw highgothandhe ce
size selection. 20 The speed of the differential anplifier and of the

i nverter tsigndbatevia some heavilylbadepbusts, the stving clinfbednemased to sakgvate afvai | abl e
on its hnput. As shown in FIG 15A, a differential anplifier (and an

inverter) dafinieich RERs! é&llﬁreéénﬁﬂégpg?xt@lfof‘thg %}&1@"216@&'5&%1%5]9?%?% Al

qui ckly But when SNx does not e signal to the

anplif] uces to t . nolse 5 JUN 9 26

a1 USH) PR ket Uas RS sl s Srepentel SRpinR sk ardvalisgs, gvines
noi se). The transitioning signal SN (the output of the differential

anpl i fi er arepossible based)on techriodogy, loading, ardireceiver qoseemonmdrr@@leﬁongdays 0
the left of the transitioning signal SN 1503 is |abeled "Change." The
regi on to Even trangitionafmésslightlp hipher thahsignal gtodre pdbsible Wdth ﬁ'aﬂﬁdimimgisxghﬂs

Change." As st at ed above when the signal does not transition,

?Eﬁ'eit feia(rarir Sind 3047500 ’de*?ﬁ&ftﬁ%??‘?a‘%f?"ﬁ”éﬁé’é‘?%’r“ga “ﬁ%%ﬁ}ﬁ‘ﬁ? the skt
Thi s | nvenSBF SREE Sat: gaéemag?ﬁﬁaﬁésgiﬁmyﬁ%%&&w&éﬁ?‘m

| ogi ¢ described bel ow to pass the changing signal to the t receiver

out put I5ancsizecandTesistars inithe pate prier toi ibaisingswelhlnown teehpiques hlge laggr fusroblowing
proper 1 o device sizes and transition tines, the tinme gap can be nade
suf fi ci entortsettingahfegisiéieode aﬁadhi@elmgm@ﬂtwdvefd?ﬁtsmmasmnmmao ). <3

passed )but the "no signal change" and the resultant indeterm nate voltage

Si gnaldoesolinPRES10,ll il oRRARNAS SR o BE aﬂ%@ﬁeggﬁﬁ&ﬁ%@?ﬁsgcof

vol tage | evel can pass so long as | ess t

the XOR ga 0 he ot her at or can vaol t age
| evel qu caaega SF 2 SR ind BSHF wdastion, 2RR Ry HaviE ahted plryeingdo b3
dependent on signal swing, reference signal transition time, process

m smat ch dhisrengeaal reflection etc.

> v

20 FIGs. 7A-7D illustrate alternative embodiments of each signal receiver 405 of FIG. 4.
It will be appreciated that the comparators 410 of receiver 405 need to operate during every
cycle, requiring small acquisition and resolution delays, taking no input current and injecting

no current back into signal lines. The common differential amplifier satisfies all these
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The fifth concept relates to steering logic. Referring to FIG 1SB,_ th
steering logic circuit 1550 couples the appropriate conparator 1553&5&3{3@
recei ver output 1560, and is based on the tim ng generated by the
differential anmplifier using SSVIR, /SSVIR and the 20 present output of the
recei ver 1553WOM9d82a0ceri ng | ogi ¢ 1550 uses SSVIR, /SSVTR and tRETfISe%/es120
out put signal of the receiver 1553. Referring to FIG 4, initializing input
si gnal s SO¢equiremants. Referrmp\toiIGr A ethe m@!@lves%WRstcﬂuamﬁbF@ﬂé} amplfies\702, t o
VOL, and receiver output signals SO through SN to VCC couples the

appr opr i at eone@ifierendi) ampliter 7024 foe coaparingthe 3fgnal SNk td SEVIROzhdARe thet8260
PGT/ US99/ 05120 out put 420 before the start of the burst. For a

transitioni | [ | 3 a hiX&

steering |od§|§‘é’%§€ﬂs%1"%f§§? gg?tggc{rscﬂ ?Wéﬁlg%%re(j)sgéﬁls g‘izcr’rpﬁy‘lfgd rirgg etrﬁgnce etg%%
the signal receiver gutput., Since_both the anplified. SSVIR refearence and
SNx transi trhTeReN phaifiess frapliders JP2 isRroxidsd; %sglfgwml roplifien 202 i
for SNx to the XOR 1565 are identical, the XOR 1565 does not sw tch.

Al t er natsi vealwaysienableéd Basmihiomchasng)rsides,dulesn the ISSMTERhvoltagens higher than ¢heoSNx
conpar at or 1555 whi ch was coupl ed i s de-coupled and the other conparator

1555 whi ch yyhagd) Moré eliRéritds HHverOaréR i BMIOS B8nsidt&r TR0, W%Wﬁilliﬁ%ﬂ%utﬂﬁ@s
not change, and is actively driven by the coupled conparator 1555 to

Lo occur ddeA Snedf/RLbigh CEREY FEr s vl “Wnpahe SRVTR vollide I Toft at

si gnal change 1506 as expl ai ned above. The_steering, Iogrlc Is done_using an
i ndi vi dual yvaliage.anenr quarent isdrave aaassithe BiMIQS dransistas T1h; heeeby pplling the
better adjustment of slicing tine, and for inproving margins or adjustingy )
for skews antpurveshageahaede 707 lonwicibsalic ¥V SScordss iThedifferehtial amgilifieo tonverts
conparators de coupled fromtheir receiver outputs using SSVIR and / SSVTR

ti m ng 1gnd o\e (HRdMf Svihg PinPlAb allarge Qi (0t RE2.5V9Badput.ecei vers of one bus

channel to occur at slicing time during the tine gap to ~ reduce the nunber
of devices int receivers. Jhis ul d,...educe opggrating. bandw dt h, as the
b oper  compar at AR Shbe difire L AmpFS RS oBRRNR pifmiBREHY tRimBhet |

of next transition. Wen all these elenents are conbi ned together, the

whol e si gndPfipss thseugh GMOS trepsmission gates; 7 ardagre tind tagsthespinode) K18y e
starting at VOH, all signal receiver output 20 precharged to VCC and the
SSVTR st ar trangmissiol'ghtes 306 aressclebtively gperated.depending onithid ahplified stite of previous
transitioning of the conplenentary reference signals, all conparators with

i 1 er ent | glonsl @R0/exBlsBRDRSMith AR BHBS VIR R SETTROLEI Vior VT

out puts. Fo I's tranSitioning, t steering logic allows the signals

to dri the output .to the .o ite vol rai.l . .For sianal 1 ...2.5 JU-J
5005 WS oo Fmaty bt REekaRaRRRaR i dsiefed BF6: SRtk é","E'P 3 e rﬁgﬁg‘”?’& §ring
de-couples the_ signals fromthe 8rggsent_ conparator, to the other conparator
to hol d an¥p@dations detyeentSy Weard ANEF regchipg theinrespective lagieleyelsi on i s |
pi pelined to :
Various embodiments are shown. FIG. 7A illustrates an always enabled differential

amplifiers with only the transmission gates being selectively enabled for small device count
and higher speed as alternative embodiment 700. FIG. 7B illustrates a differential amplifier
20 and the transmission gates being enabled or disabled simultaneously as alternative
embodiment 720. FIG. 7C illustrates a differential amplifiers being enabled by the same
exclusive-OR for lower power, fast disabling of transmission gates during transition of

exclusive-OR output and slow enabling of the transmission gates after the exclusive-OR is
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continue with overlapping the transitions with steering logic until the
steering logic delay limts the bandw dth or the tinme interval to al IZ%/M]?
next transition. 5 As shown in FIG 16, the single-ended signal recei JUN 200
has differential anplifiers gated by a power down or receiver enabl e signal
for turning oWbwhgepower to the receiver when not in use. Rel adnesssnstid>
7A, the inverters have been replaced by NAND gates 1610 coupled to the
power down settled s slterpativereniboelimeq 0. FEGr VDdllystatasal P-chanrel dififeraitial aplifiers
has been ' ) coupled to node 708 at its drain, to VCC at its source, and to
t he power SR o]
VeG The N%ﬁ%“ggi’ ST YR A50 b O0E oo Akl 0 %?‘S&EZ‘“% he
correct pol to.initiate, the t ccle The desired initia
conatti on Al ditrsmBaCamferigates ca bt AsaRled Sonebter ey ke erehrivet powben
resistance or pull-up device on the signal I|ne and SSVTR | ow and / SSVTR

hi gh. The thesdevide is het selectedvarithe gevies isam deep poveadipvaomode. bERE diffeceriat hannel
devi ce on the common node of the 15 transm ssion gates output is to

prechar ge ahplifiefiean Heisibid Wiuedhy tlahsiSGETSEaffy during power up or when
the exclusive-OR outputs have not reached stable |evel s By using devices

wth very Iowp N I Fan be
made as short a;ﬁ po]slg}ﬁ;b'p N %t?d?ldm[(alfrg%% Péévslag oorvplgl prdpaggékison times
and high data rates. The rmnate oII ce t ransii ssi

lines, as SPRSWAPtAN epube frtheg smiuzeﬁj Jfé%ﬁ: Y@éagsfs“ﬂnwﬁ@e from,)
or hi gher. The characteri stl cs of the transm ssion lines are strongly

af fected by.2Vowd.7Y, allowing dégent niacginafronh grouelbdungce hind BoviRiSwenmomsuathtinm
the bus) These int egrat ed circuits add | unped capacitance to the |ines,

which | owe C e Ty ledd\Sith
speed. In fet poREble T AEAS ?léﬁt’ éﬁﬁnéﬁg&%@ﬁé BoLARsgRL g1 482%%(Hﬂ

PCT/ US 120 bus,. i hpeda kel t he d
the. or Shaglevicss apas BIAES- ich ieomygn bitkpatfoichies Mol v RO, 30,
urnaround fromread to wite qor vice versa as shown in FIG 17, the

si gnal t r afiansiier 205gan;sll bs sadyMQS pll dosa '] @SP?@IISWCQQ%OWPW&M
(half the cycle tine). Amplification is initiated in the next 25 to 30% of
t he si gnal downhe660TRecdiver eperatior isrsirailarcdxtept thesdiffetentinhamplifiercd02 tsboomes a
about the next 25 to 30% of the signal rate. It will be appreciated that

the next cygh m}&?(r)tg gfu%i-&gﬂ the ﬁ%grc%ééitﬁf&td s BOINE ift8 the PRI ga gafe

performed w thout us eC|e ere th eV|ces are close to e

ot her and e bus ttl ti is less th al f .of the.si

Bl G 18 shisheoRPRBbiRrerbT ooy Aoy eRa e A8 (0P imtreag goes size of
termnating 1 o resistance i nternal |y usin grounded at e P-channe]

devi cetS hihgP-chanpel; Qthercopfeurations ich gonvertsmalhsiingi n
FIG 13B. Internally incorporating term natl ng resi stances elimnates the
need for sdifferential sigmiewtlaigeswing differéntiabsipndlaquieklyanciyrattdmatiselydetusedt i s
al so "po)ssi bl e to swtch the gate of P-channel devices on the transmtter

si de tO refiegd Boiirﬁﬁérﬁﬂﬁ%é%{b‘ﬁ&‘gﬁ%ﬁe%dt)ﬁé SR1IE otk AR LRG0 it fhEParidthd:®

desired voI t age. 15 menory control |l er have P-channe
termnatin ces V\/nos e sen e c cteri.stic

| pedance SROHEER SRS ik H0 EEFRHQUT LS obf %rat@aﬁoﬁsﬂﬁ&rgwtﬁ%bﬁwms aad
of the P-channel devices use a SI gnal which is a conpl enent of the receiver
enabl e t o anothesifer qsaiblating reference signals equal to 1.7V with 300mv swing. All signals

20 transition at the same time and have similar slew rates. The same transmitter and receiver pair
can manage the multiple VIT system.
It will be appreciated that the DC bias point of each differential amplifier in the

receiver 405 is configured so that the receiver 405 output voltage is below half-VCC when
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receiver end and the transmtting end. This switching can be done while the
receiver is preset high, and before the burst is initiated on the ? g@gmz
lines. Internal resistances can al so be used 20 instead of grounde g

P- channel devices. By using multiple buses as described in the next
section, a CPDwwy4spsoory controller bus width can be reduced t ®PCRUSB)S120
from64 {72) or the bandwi dth can be increased considerably. The backsi de
cache connbethitbesmall swing voltages (singhaended signaURNXGod SAY BB on 88)JTR of the

PGT/ US99/ 05120 be sped up, the nunber of pins on the CPU can be reduced and

t he PBSRAMenabiéd di€fefentiaDadplific@ardfoseqo ¥1H dndeibely halEALCC Mheflibotls theamamid
cost. FIG 19 shows a system 1900 having nultiple buses for devices |ike

SLDRAM  DDR,& j - j Lt aneousl y.
Tlie system clPoC %g%ss%g%%:ﬁﬁé @%‘@ﬁ%%@‘é’gﬁ‘?@ﬁ@g%@ P?Ié\&end
opposite the nmenpry controller 1905, is connected to all devices 1910 whose
dat a out pupgesawetl%m'wlm SNevhsnsthe gingle-ended;signal §a’ﬁ@§ewttqién%%tewnd
controller 1905. The | oading oa the clock signal is matched with the

| oadi ng onthel8SVIER ar (S8 VIR ofitit énableSdifférential dmphfiér i closihg therdifferential signdl
be f appreciated that the clock can be differential (preferably) or

si ngl e- endggoflep Rrdb-gfipion the to clock frequency and systemrequirenments.
The cl ock voltage swng can be simlar to SSVIR and /SSVIR to have a
simlar receiveg. To have t sane, del ay, the trace l.ength of .the.clock bus
1920 s mat chec AP fedriye: 405 PRt dudbe e e et kol SFiok i,
The cl ock source 1915 introduces SSVIR , /SSVIR1 and the data from

DDRDRAM s endedisignal, it canceptof setiimand-pldtime&pm 3 spegifiedtingmafiterdhe signaldevel
so that the data, SSVIRI and ~s /SSVIR arrive at the controller 1905 at ¢

about the mackesVIFE/VIEGR'VREE in previshis signhlibiiisshhigaesiio longer dpptiesi Also, therelis
DDRDRAM coul d optionally use a DLL (delay |ock | oop) to reduce the clock

1915 tg dafsvee i m’,ﬁﬁ i ﬁﬂé} o Bkl . To
_reducelgana%%dl tlpgﬁ%f:e;eggﬁelsjlﬁ&te%gﬁgﬁ%%&gg systtéﬁné)ﬁ er e‘;opﬁ%&?g%g tranlg%%quzi on
i ng ancupBE RGeSy BRiraR Aol e TBRo A5 S SaNaNP LG Basfer
recei ver end. The DLL would reproduce the clock in all conponents

(i ncl udi nepensiag exmvnd N REF, the operating HBMBROX/ES consiierably incsessed withdoworpawerbe
aware of the cycle in which the data and the SSVIR reference is predicted

to arrive.cofbkiunfption. Purther, @}l gtceiveps 408 ireatk tinied, adthoasthe ased 60aplbal clogk)al s,
the 34 2 5 JUN 2002 WD 99/ 48260 PGT/ US99/ 05120 DDRDRAM woul d know t he

< Gnal - onl SIeGTiah 108 5 o bt B0 iRy Or chifioelon AT BGRR dr agkage T
addr ess aggvégﬁ%andssl i nﬁs may be grouped with SSVTRO and / SSVTRO. The

addreds a YWRSXEWi di recti onal | y carries input signals fromthe

menory controller 1905 to the ) L. .
FIGs. 8A and 8B are schematic diagrams illustrating circuit details comparators 435

of FIG. 4. Each comparator 435 includes a differential amplifier 802 (FIG. 8A) or 852 (FIG.
8B) similar to the differential amplifier 702 of FIGs. 7A and multiple inverters 804 (FIG. 8A)
or 854 (FIG. 8B) in series. The full rail output signals of the comparators 802 and 852 (VT1,

20 VT2,VT3,/VT1, /VT2 & /VT3) are transmitted to all the single-ended receivers’ XORs 425
(FIG. 4). Selection of VT1, VT2 or VT3 is determined based on testing for signal speed

substantially equal to that of the receiver 405 output signal SN generation path.
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DDRDRAMs 1910. The 10-bit conmmand aad address is sent in as a 2-bit conmand
and as 8-bit address. The 2-bit command is done by using /CE and /R AS on
one signal on the two edges of SSVTRO and /SSVTRO and t he ot her si gnal5 418\ 2002
/| CAS and /WE. The 8-bit address on two edges gives up to 16 bits of row

addr ess occur ywod/épdoh | CE and 1RAS or up to 16 bits of col um pagdabeedize
address occurring with /CE and /CAS for read cycle. The wite cycle 1s to

done with 16 bi tRI®D i§akéHematio didpraakillasetiag yeodivens 463 with iivitelly Wiustable
SSVTRO and / SSVTRO may be derivative of the systemclock (differential) and

operating [ : far

As expl ai nz&(f léég(r?? ?%%r nay g%&ﬁﬁ%ﬁ%ﬁd&?@%ﬁtﬁ%&\bﬁg&éZéﬁ%%%e
menory controller 193& or various int %r§nal urposes, to drive, the command
and addr es CORIRGFMITS 44t TRgunethy opergling frequency or yolirgs BVing o oRIMWB\ TR and
15 /SSVTR for wite requests. Using different references for data-in
(SSVTR ancpetfosiaiide) eaehdedeiver 405 has s registerc 05t foo stofisS daado anablé gelifderOpf one of
further distinguishes the present invention from RAMBUS signaling. In

RAVBUS, sal Ithe i@V s1 @ TY VTY & AN GORM/aNerS R de kKORI28 (PIG.a)S1 ngl €

cl ock, whereas in the present invention the control signals and address
signals are on o,different .channel . than t.he data signal.s., This es.
runni ng t he con?:tlér lgﬁoa DAvhestYe vexrofa Qﬁ?‘%%‘#?'étroflﬁ‘gﬁwabéﬂ?fleme{ ﬁg@b{bﬁgl'
data channel . Al unidirectional high frequency signals _ (address_and
control si ghrgrtional élgmlﬁamérmmmonhaﬁxe reastar dd 08 incledes reogivers AL andretya end
of the bus away fromthe controller 1905. Since the controller 1905 is
usual | y t heransamiters BI0S cotipléd together. Mbre particuldly, 8sth/siiddl-ehdeld dipRdl rédeiviad

.

usualknyixed, all bi-directional signals (data signals) term nate on the
n

control [ er sgalaNibih1 80 iS&pledth sQorieBp G rebELSIRGR LS raliehfar 80 2hAteR Nl

grounded gate P-channel device. It w e appreciated that, to reduce

power, the term nating P-cha devi ce can, be.sw tched off .dyring the data
i e ot oRRongioE FARSTREGH T o #6G A GRnrDI B 00 FATerbn At <hfke Seioe
a high resistance around | Ox the characteristic inpedance. Since the
nunber of HYoMgy bogrsupedtogether with asvingle pair of SSYTRaandy/SSVIR rafensnees.
conponents are preferably term nated by an external resistor at the end of
t he transmbaveer, perons skilted!ifi-the art bvill dedogaizeahd] forl algivdnspepdthigefrajueiicy,

operates at the same frequency as the systemclock for synchronization and
preferably aftffs Vtzl-gpmﬁ i I%”%@M I e%g:ﬂ: i

cycles (4 r§§) or g gl gagf;‘pgss ec. rgb?%&{agﬁhen 0 %%@?st%’g%ggﬂ(
on SSVTRO and / SSYTRO.b ddi ng d ates and.ljne to | gok conparable to
SSVTRY | and BF Gxaypeg loapiel, AS ShoRRmAIT-1d. Hedeiot i plementsd 88 S or and
allows simlar margins for all signals. Wen higher bandw dth is required,

t hree B8isesapaghanses,yesistanpss andinductancgson &S)V‘IRW%S%& end all singlgended signals

DDRDRAM s are used with a single nenory controller. This configuration

al l ows .a 4 Shxldre balgnded! Allss singe SEVIR andSSVIR b to dlh of tbdecsisera 405 cthevarald
si gnal s) may be shared between the two channels on the SSVTRO and / SSVTRO.

The cl ock W IdS VPR IRYSs beth fm’xg' bus using SSVIR, /SSVTRI ,
SSVTIR2 & / . IS égé\l/éé’ss pins as t?orrpare ﬁieg prior art of dual channel
RDRAM s. Al though the jnyvention dogs not require a synchronous cl ock for
t he transm tter%é’rus i &'&&i‘@& i,a"WPO\Yﬁr %@“&’Wﬁ&i‘ﬁ?r"g‘%‘cﬂﬁeﬁ%&m bus
transmt data at a particular tinme and frequency for

can be made as short as possible, which in turn allows for short propagation times and high

20 datarates. Asshown in FIG. 2B, the resistor-terminated controlled-impedance transmission
lines can operate at signal rates of 1Ghz (1ns cycle). The characteristics of the transmission
lines are strongly affected by the loading caused by integrated circuits like DRAMs mounted

on the bus. These integrated circuits add lumped capacitance to the lines, which both lowers
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ease of testing and useful with existing protocols of synchronous DRAMS and
SRAMs. It may be desirable to use an on chip multiplier of a slow clock or
an internal ring oscillator to transnit data at high frequency w thpudbN 402
hi gh speed clock for synchronization to reduce 36 2 5 JUN 2002 WO

99/ 48260 PGTN®OI9PARE00 noi se and system power. Those skilled i PGHUSeIas1zGN
bui I d various, size, synchronous or asynchronous, high bandw dth systens in
accor dance the impegdancerof e lings and deereases ﬂrfetran@mﬁﬁmsyeaésbrthq)tqaéw efvirgnment,
preferred enbodi nents of the present invention is by way of exanple only,
and ot her wRybuatimpedanasds liksly td boén thesorddr dfi26 chlmsvanddhs propagation wslbeitk 6Nt s
and nethods are possible in light of the foregoing teaching. For exanple,

al t hough t PERR

and /S%VTR|7 F§%§% ?@?ﬁQ%E%ﬁ&H%X?%CeIVég@g%%ﬁgone P%Qéﬂ%k%bﬁé art w |
recogni ze h t one referenc

t he recei vET OM8es 165 §2tlﬁe°1tbe§1°sﬁ Egjﬁllg %Bt’ g@tcigggeq%geﬂﬁ ] 6 g’t’ich as

bi pol ar or gallluntarsenlde whi ch have simlar switching 1 o devices and
gat es, fanswitching fivinerne/driner tsawtheCamven cinrdongerbuses, movethan one eyglebnay be
i npl ement ed using a programred general purpose digital conputer, using

appl i cat i Ofjecled Forfthé sighhl896 36t@&ld6Wh Befor®a néw thahbmfite? cBe HiMPE the@fignal. Unlike
i nt erconnected conventional conmponents and circuits. The enbodi nents

mvent 1 on TRENBOS? R 1885 of LIRS SpbPrcfeSpeRi HnBhey i dfiade BEmiRE s
CLAIMED I'S; 2 5 JUN 2002 PGT/ US99/ 05120 1. A method of detecting a

transiti onS3R8 -an incomng signal and a previous signal, conprising the
steps of obtaining an oscillating reference; 5 receiving an incom ng )

signal ; and conBHE.i ¥4 isheperspectiveatiewiblodkediegram itigstratittg albmm-mepdmngswgnal
to detect a transition in the incomng signal relative to the previous

si gnal 49 2. lﬁbevs’ﬁéhhﬁglugés Qbﬁaﬂcﬁonﬁ master’l)ZO}ME@ﬁ]tﬂhﬂ' vidarshRidt HtRN2a51159

i ncl udes generat| ng a first resul t and i her conprising the step of

pasenge ofbidiEepppeiavedaft. 265 Gns %@f%%?h@t a%t? thefSad met Hend Sk Bt 20,
wherein the step o enerating a control signal includes cgnparing the
0501 || at | rlgwesFEna o Hnes 1373 Sod SR, AehSVTR ines WS theh s Jlsoanted o GHG, 4B

I 5 the first result mani pul ates the out put si gnal fromthe previous signal
t owar d t heisfaipegdpectivetiew biouk didpramtilpsteiting pomt-ad-ipointaystemt 126D iscoypadating

i ncl udes conparing the oscillating reference and the output signal while
the out puteeshilfhg telistinckd 12333hfefally wiiHgHrohiicld Yatd D LhareP d&ViERA ! This
15 eliminates the need for space to connect external resistances and reduces cost. It will be
appreciated that the terminating resistances 1235 can be implemented using internal resistors »_
instead of grounded gate P-channel devices. Terminating both ends with the appropriate : )
characteristic impedance is preferable for bi-directional signals on a bus. Since intra-chip
blocks are physically proximate? impedance matching resistances are unnecessary. Small
20 pull-up devices are sufficient. Similarly, when inter-chip connections are physically
proximate, impedance matching resistances can be replaced with small pull-up devices to

.reduce cost and power and to maintain the same slew rate.



5. The method of claim3, wherein 20 the first result manipul ates the

out put signal fromthe previous signal toward the first result; and the

step of generating a control signal includes conparing the oscill atl}@ JUN 1002
reference and the output signal after the output signal logically equals

the first reswbgmé?ﬁo 2 5 JUN 2002 ° WD 99/48260 PCT/ US99/ 0512&?@"
nmet hod of claim 1, wherein the incom ng signal is single-ended ?%47(%120

net hod of cl ai ”It]mll"ﬁheéﬁtéblétg&tﬂéﬁﬁidlﬁﬁlé w&sra@éeqiﬁe@fdﬁieme@m@snm h

t he i ncom ng S|gnal The nethod of claim 1, wherein the OSCI | lating

reference t tri he cl

1, wherei n%bg ﬁ‘ﬁg%&r‘ﬂ}%’% ggnﬁ% ggﬁs%gegﬁgp%s t'fod :Tﬁ%tf 1,
further co ri sing the steps of obtaining an oscillating reference

conpl enent FIGri@Acisanarsnegtivheiewdpelodisgramsiliustmiing acomabined puidineetional gnd bi-
signal and against the 1 o previous signal to detect a transition in the

i ncom ng sdigeionsledysteny E3000fot BEDRAM ans singlelintegratetl. ciftnit. rBystend 1300 inchides a,
wherein the oscillating reference includes an oscillating source

synchr onou %’ﬂeﬁ e{‘@arﬁ

e)cqual t% oﬁle f ?g&y%f'e tl?%ﬁg)?l fég E@:"F atl re gﬁ%ﬁlc%gqégmké g%/is
for det ect | bet an i nco nd a,prev

signal, 15 %n@rﬁ% mﬁ%@gmg@tﬁ%ﬂj{}gs{s ﬂ’éﬁr ﬁ‘@?al$ éﬁdatqt@and
respectively, an oscill at| ng reference and an incom ng signal; an output

t ernmi nal peantiofilines E320cand 1325 strapsmnitsirecsivesidata signald acrossidata bnewl&i@gndu 1334) ;

a first conparator coupled to the first and second input termnals for

conparing thfmie oncSSVER QA 258V TR ¢ined ¢ 940 A Girst s@ T SSVTRIQAGVSS TR referérices
result;jand a first controller coupled to the first conparator for coupling

e 1118 RS LSS R b BB B iale 2 by, |

the first controller _conpares the oscillatjn eren he out put

si gnal 10 14sem$se§9§§§mm/§$w&ref%mm&gﬁt f&g@{]ﬁ Yt theslavesy to
the output termnal to mani pul ate the output signal froms the previous

si gnal t owkd1d. t Fke dddreds ané sohtrol pertiont Gifthe sysem d300 muinhge unislirectigpiad dignals
conpare the oscillating reference and the out put

needed only by the slaves 1310. The data portion of the system 1300 is bi-directional based

et

on whether the control signal specified a READ or a WRITE operation.
For an SLDRAM, the 40-bit command and address is sent in a packet of four 10bit
15 words. SSVTRO and /SSVTRO, which may be referred to as the system differential clock,
operates at S00Mhz. A Phase-Locked Loop (not shown) is used to lock the clock frequency
and timing for various internal purposes and driving the data output with SSVTR1 and ‘
/SSVTR1 on both edges for a data rate of 1Ghz. All the high frequency signals are
terminated on both ends of the bus with their characteristic impedance. The termination on
20 the memory controller end can include external resistances, internal resistances or internal
grounded gate P-channel devices, since this memory controller is usually the master and is
fixed. Since the number of components (SLDRAMSs) 1310 (which operate like slaves) is

variable, components 1310 are preferably terminated by external resistors at the end of the
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signal while the output signal is still logically equal to the previous
signal. 15. The systemof claim 13, wherein the first result is coggyﬁﬁ hﬁ
the output termnal to manipulate the output signal from1l o the ptéw U
signal toward the first result; and the first controller is coupled to
conpare the oWOIMM48I60Nng ref erence and the out put signal after tPEIO8998120
signal logically equals the first result. 16. The systemof claim 12,

wher ei n t h&ransmissipn dinss- grher 18 bit bi-diggctions] datp bus7l339andJ333 epsrates at thersanpe
wherein the oscillating reference is synchronous with the 1 s inconm ng

si gnal . 18 freqliéncy s tiegBysient Lotk ok 3ynokireication dirl seads Hatain eight E-bitevwrds in
provides voltage and timng attributes. 19. The system of claim 12, wherein

the oscill ﬁ&%&%},@k@g@&) b?zas%g%a%g‘ﬁs@& frﬁ?xgat Si e NNIORAM, ot ek takehi g6 €1 N

the oscillating reference’inclu oscl source 20 synchronous
vol tage and tim refer avi w r.ate substanti al equgl to one
hal f of thga'eﬁ}ﬁq e leadon,$S ¥ 1RO G0 ??silﬁhﬁyraeaws ny gates %'Ffieﬁ‘éﬁﬁsq‘?gﬂ?‘&f
claim12, further conprising a third input termnal for receiving an

osci | | a$ i ngompérablerie SSYIR andbiSSVTIR]. This lgad blancing makesthe sEpemte due to
PCT/ US99/ 05120 a second conparator coupled to the second and third input

term nal s {gudidpoBEinilaandd\@lcvasRamnhrgadot Bl sighelRM ng signal to generate
a second result; and a second controller coupled to the second conparat or

f i th th ' .
previ ous. i gnal 9 MR SRTBAHA N hflndey & spER 1350 EoRBtouPBEE of Hown in

I ncom ng signal and a previous signal, conprising. an output term nal
provi di ng E?ﬁo‘ﬂthung sepazate cBgmels ofyp 5 13 10rpze H?%’v‘f"’glﬁ sug MOLY £ j r st

-~

anplifier for anplifying the difference between an inconing signal and any )
osci | | ati ngontafller #30% This gemfiguxationcallowsst.5 gimabjtes/séc peak datechandvadthl iAlthmugh
for anplifying the difference between the signal and a conpl enent of the

osci | | 3§ i NehesG5BMEIISH dogs AENRHMEEsyRCRRRMICIbEE Mok thetrdrshtiter 1805 OP réceiuk ed
to the first anplifier for coupling the first result to the output term nal

For conpl i it e i, s edfe Binehlirb B ERKPIo et i 5L R RRP b

criteria; a first controller for controlling the first criterjia based on a
conpar i sonirequengy forense effedtingandiusefulness, withexisting prategols of smehronoys DRAMs,
for controlling the second criteria based on a conparison of the conpl enent
and the ouaplSRAMI dt ma? Geddsirabietoise aronchipcmaitipliz? of aislemeclack brearf internal
switch couples the first anplifier to the output termnal to manipul ate the
ring oscillator to transmit data at high frequency without a high speed clock for
15 synchronization to reduce noise and system power. It will be appreciated that those skilled in
the art can build on the teachings of this invention to achieve various size, synchronous or
asynchronous, high bandwidth systems.
Five concepts further explaining the input and output circuitry 210 of FIG. 4 are
provided below.
20 The first concept relates to having complementary references. As shown in the FIG.
14A, prior art systems use a fixed voltage reference “VREF” whose value is around the
midpoint of logic high voltage level (VOH) and logic low level (VOL). The VREF generator

(not shown) usually has some DC offset from the variation in power supply used for its
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out put signal fromthe previous signal toward the first result; the

i ncoming signal is logically opposite to the previous signal; 41  27% JWN00?
2002 WD 99/ 48260 PCT/ US99/ 05120 the first controller is coupled to conpare
the reference and the output signal while the output signal is still

| ogi cal |y equ@lo domghdde Previous signal; and the second control | gerhfsessnsize
coupl ed to conpare the conpl enent and the output signal while the output

signal is gkhdrhtiom @his @biationdllastrdtéd 49 CVREPH’ @Hé “VIRERL”. 1Pdlso haesciie AC héike
claim 22, wherein the first switch couples the first anplifier to the

out P, o B o5 P e A RS AT i
D oS et dsblos A SR ohE Th RSN OB SabaSg g

the first result; and the second controller is coupled to conpare the
conpl enent irathe rédeivenin thetprior grtds ilhistretedttyceheatrpws. Bishoeld Heawpitérbthht/the quarkts
the first result. 25. The system of claim 22, wherein the incom ng signal
- 1S singke- Ber : ' , ' '
ynoht ahoucs TR el SRaF e HG! aft vAll e e GRIFLOL S LPOOHERSHL i Stage
wherein the ref %J'égerml%l@rovi des voltage and timng attributes. . ) 28. The
system of SVHER23E rein the reference is negated.’ 29. The system of
claim 22, wherein the reference includes an oscillating source synchronous
vol tage and ti niAsghewndn EHEcl4bhthasysterms and metheds ofithe dpventipn yisee@raplementary
one-half of 20 the cycle tine of the oscillating reference. 30. A
conmmuni cat teférefde3iSSVTR aid)/SSVTR) which hisvexhe sdnte véltagetsndmsas rly signalife.g., data
osci |l kafji ng source synchronous voltage and timng reference and a new

T Snorm soi o ERRIN Ths pctomed bl s volEe PR 123000 SRS R il volnee
Cransnito; WOHTREL svapagiodi frwievsl o1 BELSE ohiei EF e g fhe pusraee of

reference and the new signal, and for detecting a transition between the
new 5 si gnthe camplerhentary eeferemse volagses iharound the midppint iof ¥EH end MQL akevery gnal
and the previous signal against the reference. 31. The system of claim 30,
- wher ei n t hinstahfoStitaé dafing opérition 6f taiissiprialing spasipl Ahenigrals drdethe 86mplentidnidgy
reference to the receiver; 1o the transmssion lines carry the conpl enent

to the recgiyehices ¢k same transition times and voltage swings, and are initiated at the same time

from the same source (same device for inter-chip or same general location for intra-chip) to
15 be sent to the receiver. In other words, the complementary references look just like any other
signal. However, the complementary references toggle every time other signals need to
transmitted. Since the complementary references use the power supply and ground at the
same time, all noise is common mode. Therefore, the VREF variations (VREFH and
VREFL) of the signal swing needed in the prior art is unnecessary in the systems and
20 methods of the present invention. Due to the binary nature of digital signaling, one

complementary reference will always have opposite polarity to the signal at the start of the

reference transition and at the end of the reference transition. Thus, one reference present

will have a total swing of about S00mv present at some time, thereby enabling the comparator
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the receiver detects a transition based on conparisons of the new signal
and the previous signal against the conplenent. 32. The system of clz%r mmﬂ7
wherein the receiver includes first and second input termnals for
receiving, respectively, an oscillating reference 1 s and an i ncom ng
signal ; an olWQ®¥9/M8260m nal providing an output signal [|ogicallyPeriusds/ise2o
the previous signal; a first conparator coupled to the first and second

i nput t er ntdsense thersignaheltageqnorn easilyf e thecpriptartsystemwhichrhgs onkynk(B to 3/4 of
generate a first result; and a first controller coupled to the first

conpar at or ﬂ{eabtassﬁgﬁ&lisnang.h%é sighdl andefeiente trafsiticiDtimetcat tbe thalNOf fied tréas@sh on
t he previous si gnal 33. The systemof claim 32, wherein the first

The syst orf 0P TEPATPS o8 RE e @LE@%"&E%E%%\%%&“%OQW%@A

PCTI US99/ 0 f.i rst res IS, C I dtotheo

mani pul at e edip f%ﬁ?’?ﬁg‘ag é&?%ﬁ‘“@r&fﬁé ﬁ}&sﬁhomd
result; and the first control | er is coupled to conpare the oscr I | ati ng

ref er ence besetiahypwhere betwesngrfaiv hunidted milkivaltsthelow thegrawerisspplyiand al fowi nmidied
equal to the previous signal: 5 35. The systemof claim 33, wherein the

first resufillivélteaBére Pord, Wit adiffeténed BitWeBR thehPof SOUMMIVHIR. The dP¥éieHte can

signal fromthe previous signal toward the first result; and the first

controller r I atin nce & ,0u

contr ol o ol Rt ikt & JOHRS O PR de Sk PRS0 TR abA St
The system.of claim32, wherein the incomng signal is single-ended. 37.

The systerﬂ“@F%PQFW@FOW#YtIH@%EmPICQW¢mr ence i s synchronous
with the incom ng signal. 38. The system of claim 32, wherein the i)
oscil |l ati ng r ef Ehesscong condetrelates todgeingrbhal d:orhpngatatstfo’rbarﬂeiacoxﬁﬁgaﬁgnﬂhe i
system of claim 32, wherein the oscillating reference is negated. 40. The

syst emgof Réﬁfriﬁg%%mﬂ"ﬂ&@‘l@ g, §ifkc tﬂé SignhPisicBfhphfrliab B0@Eof tE coBRnMtary

oscillating sourcé synchronous voltage anc | m ng reference having a slew
rate substa raIIy gual f of Ietrrreo SCi

ot or once Teterenten eadltteiyed 2R Yo oommatiore Dre apnpt iensh SN Sy 1 A
termnal for receiving an oscillatin reference conpl ement; a second

conpar at orthe ethsr eempares pignalsbnte /S i Atitherstart of abyrstimansition thecyamparatgr

t he conpl enent and the incom ng si gnal to generate a second result; and 44
2 5 JUN 20With ¥\l diffeériial Bighdlldnaey pitie caupsied antte ceveiveri210 rbuqmtlahcbﬂxetdthéme
second conparator for coupling the second conparator to the output term nal

based on tdgnmrfy, WhicPh ) différentidl ey, 56 881cBhpled fof (e reddier210 output.

15  This is done by initialization. If the signal SNx and the coupled reference transition, then the

comparator quickly senses the signal as a differential amplifier, quickly amplifying the signal o
and driving the output to the opposite state. If the signal SNx does not transition (i.e., only t k )
the references transition), then the differential input to the comparator which is coupled at the
beginning of the reference transition will steadily reduce through the transition time,
20  eventually until no differential input is provided. The differential input to the comparator
which is de-coupled at the beginning of the reference transition will steadily increase through
the transition time, eventually until a full differential signal is provided. The originally

coupled comparator with no differential signal at the end of the transition is de-coupled and
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the transmtter includes a nmenory controller; and 5 the receiver includes
menmory. 43. The systemof claim 30, wherein the transmtter includes @5 JUN 2007
m croprocessor; and _ the receiver includes a systemcontroller. 44. The
system of claim43, wherein the systemcontroller includes a nenory

control l er. b ddus26p Si gnal receiver systemfor detecting a tr aaghisoodsiapom
a previous signal to a subsequent signal, conprising: (a) an output

term nal porginaliynde-esupded othparatonwithlthgfulbdiffgrentjiabdighal at the emdefitiesarsitiongds;
(b) a first receiver including. (i) a first conmparator for conparing an

osci |l ati n&}lfpgéde rmiﬁes%ﬂ@iﬁéﬁﬁ&l}nﬁe}ﬁwé U@ﬂg | K todeHiPbnd GeiNFuAh&, the Bihsdy

result; (il first swt coupled to rst comparator for colpling
the first result. tqQ the output terrnal; and (iii) first controller

coupl ed t AR ofchedial Sigpls bies ailsagniah SR ol qfi e PoBPRTERRE abtheSTaref ot
the output signal to generate a control signal for controlling the first 2o
swi tch; anevefy possidevalilbtransitionver in parallel to the first receiver
including (i) a second conparator for conparing an oscillating reference

conpl enent  agai Tikd thirdontdt e6laR o Mitilizhtié Siadeoyne comparilor #atrhe is45
2 5 surd 2002 WO 99/ 48260 PGT/ US99/ 05120 (ii) a second switch coupled to

t he second or. 1. | d [ [ . t

orm nal - SR p Aiceediflr b i Pt BanCRR Bfons? bbb s e Bdbpararor,
conparing the oscil I,&ti ng reference conpl enent agai nst the output signal to
gener at e avitbihefyll differsntial input signal eaupied o thieresaiverél (optputat thestart g€ a dpsste m
of claim45, wherein the first result is coupled to the output termnal to
mani pul at eThedrefore, ald the sigmalafot oSNk A ipitinlizedio the dogit highdavel VOH. By titning
result;)the first controller is coupled to conpare the oscillating

reference gppg HiariVehs) HitidliAnS SV IR YOI SnifliEAHE 1% BBV TR fo VOH nd

| ogically equal to the previous signal; and the second controller is
coupl ed to _caonpare, the conp) enent. and.the output sigpal whj.le the outpu

1 gnal 10 5 ceEtnaghs HEpdis EienatioR fesisdls of Psfiehng] pflltos J5th ek BEio Hichpg on
claim45, wherein the first result is coupled to the output term nal to
mani pul at eandrseursacpnnectesdda T (WH is 58vhpopercansumptipy dsreduesdn  thergeeiver st
result; the first controller is coupled to conpare the oscillating

r ef er ence 210chuitputs fowSOuthrongh SN arafpkechdrped high poVCC gsiag plelhgnnelldeyice 645 of
the first result; and the second controller is coupled to conpare the

conpl em?”tFI@}?(if{tch@nsﬁi-étﬁHEﬁé%i%ﬁlgﬁe&?faiﬂé&%%)&%oﬁﬁﬂ&ﬁé coRPaardk Witeual s

the first resu 20 48. on system conprising: a generator for
gener ati ng,. osGillat] source nchronous voltage and tim ng reference
havi ng a g*’&%"?é@é’@@fh&ﬂﬁﬁ‘:veﬁaaﬂ'étp}’gof the cycle period of the
oscillating reference; and 46 2 5 JUN 2002 ; WD 99/48260 PGT/US99/CSI 20 a
transmiStt er coukhedquith coneptelatesdo sigmabehangs diseriminatipng As kgpawn by those skilled

oscillating reference to a receiver. 49. A nethod of conparing an incom ng
si gnal )t 0 in thpy &y, ithe chasdcgaritic of a differentiyd aivplifiet 816 amplify a small voltage difference

to a large voltage difference. Voltage gain is typically from 3 to 5 times based on the device
size and matching of the transistor. The inverter positioned after the differential amplifier
provides additional gain to achieve almost the full swing based upon device size selection.

20 The speed of the differential amplifier and of the inverter to achieve full swing depends on
the differential signal available on its input. As shown in FIG. 15A, a differential amplifier
(and an inverter) 1501 can amplify a transition in both SNx and SSVTR 1500 very quickly.

But, when SNx does not transition, the signal to the differential amplifier reduces to just noise
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of 5 obtaining an oscillating reference and its conpl enent; receiving an
I ncom ng signal; conparing by a first conparator the oscillating ref ggﬁ
agai nst the incomng signal to generate a first result; a-~ conparingﬁéi 2002
second conparator the conpl enment against the incomng signal toi o
generate a seWO®/4Ba8ult; using a control signal based on the REUSIPHN5120
signal to control whether the first result or the second result passes_ as
an out put andythgispeechis mych slawerdbrased o mismatehes gpdnaise). (The tgpsitioning signah SN’
was passed as the output signal via the first conparator; 15 the incom ng
signal is (thgouwpht yf thhdiffarential amplifiepardinoersers isghaivn asddttedine b503. OThe reghen
allows the second result to pass as the output signal. 51. The nethod of
claim 49, y&ps @ithe wfﬁoﬂﬁsmoah%w’ PSS tatR R “Chabld P UheYo@lt to thé
the rncomn Ignal 1s logic e

the first conparator; al'l y opposite 't

previous si.gnal,. apd 20 t.he .control. si.gn Il he fisrst result to pas
as the out’ﬂ&ﬂt ofjthy gpnsiBoningsi r#ﬁj)’ @385" %@ﬁ#tﬁ%‘gh@ﬂﬂ réﬁéﬁa{ﬁ% oye, when the
plurality of small-sw ng single-ended signals, conprising: 47 2 5 JUN
2002 WG 9%igead gloermyy tripeiodsthe @mplifies k5 Q1 iedyces tp just apise,ywhith sinticatediasgn
singl e-ended signals fioma source to a receiver; transmtting

subst ant i aindytetriing®s Rizloal1506.0Thé Perisdof tifie befdré the'a@6slifiee feavhdithé itfeterminate
conpl ementary oscillating references having substantially the same slew

rate when ' e Skl | 11:00; L\l Mag | of
signal s an!% lesic?ggf ﬁdg% ng r%exgg&girs\%@sl%gfo g Sgﬂ'r gihgsf@g#tfngeneraa@ ikr%ré}t%é#&ﬂle
out put by conparing t si.gnal s and .the oscillating references; .coupling

the out puttPg &ap, l@'gcféaaggpg BtstrsTing dogde %ﬁ@iwh opie Pasihs chinging signal 19 theingd

. .) decoupling the output fromthe receiver output termnal, when the £
si gnal doesceiver autputsintito preverit. thd indetesminate signal [feinmpasdingniBy elicosingepreperr ce

Is coupled to the receiver via a transmssion line on a bus, which is

term ngt eciedicedpled 288 Banditon fife§ 1RE AiflePab Thh be IR afTicter to bptRate tRESEESSE ON

line. 54. The nethod of claim5Z, wherein the source is coupled to the

receiver Wi a Lot -to 1 ol nt, .connect| Qhich 15 term ed at both
ends int e\r/lf§§1I(:I%§/l.E)lg)%Tt a-l-ﬁlgn%\gﬁﬂ%gf i p??ﬁ%‘f’??]uggi,e ﬁﬁé!%‘r‘*kataﬁges 8r75ﬁitflﬂltdes a
bl ock of a device and_ the receiver includes _another block of the same

devi ce wi tiRd¢tegminatevpltage sisnal dapenotngss. -1t will b apprecigted thagsomeindgtemmpisateof
claim52, wherein the signal has a small swing |less than one volt. 20 56.
The net hodvoltage levehednassdelong ias itfisless gnalthdbogicthseshold afithe\f ORegate foldowihig?o
of the

it and the other comparator can restore the voltage level quickly. It will be further
15  appreciated that the time gap is dependent on signal swing, reference signal transition time,
process mismatch and signal reflection etc.

The fifth concept relates to steering logic. Referring to FIG. 15B, the steering logic
circuit 1550 couples the appropriate comparator 1555 to the receiver output 1560, and is
based on the timing generated by the differential amplifier using SSVTR, /SSVTR and the

20 present output of the receiver 1553. The steering logic 1550 uses SSVTR, /SSVTR and the
present output signal of the receiver 1553. Referring to FIG. 4, initializing input signals SOx
through SNx to VOH, reference /SSVTR to VOH, reference SSVTR to VOL, and receiver

output signals SO through SN to VCC couples the appropriate comparators 410 to the receiver
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supply voltage. 57. The nethod of claim 52, wherein the signal has a slew
rate less than I 10% of the signal rate for signals transmtted abov?egl]ﬁN 200
rate of 600MHz. 48 2 5 JUN 2002 ° WD 99/48260 PCT/US99/05120 58. T

met hod of claim52, wherein the oscillating references have substantially

t he sane sw ngo dfagaebhe net hod of cl aim 52, wherein the oscill apetgrsesnsizo
ref erences have substantially the sane | oading. 5 60. A nethod of
transmtti agipand20 before/ihe gtagt oflthe burist. \Farfa teamsitioning signat; the bteedingl bapis i §5(l s,
conprising the steps of transmtting a plurality of small-sw ng

si ngl e-end ' ﬁg% . ' ' ' : FRgat or s
and an out ggfﬁk(gr%m %5;9?& ﬁle?%aéﬁgﬁil%@? %g? Igsﬁ sﬁ%#{;ﬁbgg?ﬂaﬁﬁ% I fromthe
source to the recciver a ir of 1 o cqonpl nt.ar Il ' eferen

navi ng subsetamrend BeaEbiEeidraps; ST e B ac Sefefenpt Shd SRux
transition; receiving the plurality of signals and the oscillating

r ef er ences trapsitiore andtheidelay, pathsifot theqmplified §5V R refereneamanshion Sdhixstorthe fIQR
output term nal based on a current |ogical value on the output term nal and

t he curg entsgahieddatical) theIXOR! 1585 ddgs hef SWitdhe eAlterhtively, dEthe indontiglg sighabd bey
conparator. ~ 61. The nethod of claim 60, wherein the step of coupling

I ncl udes coupling.tha onlv . '

Si gl e- enaBit epgians etk B) rioBat 553 whithuB spthRille SERSIAR il B3 debét
step of coupling includes decoupling the only qQne conparator _ and coupling
the other eompaatardpSnmdich wes rgtggy %Fﬁféﬁ"%ﬂﬂ%ﬁfs igpal receiver oyt dggs not
63. The nethod of claim63, wherein the other conparator provides an out put
si gnal t hathangef mdds attively diiveanby thegoupled cainparatir 1558 toresfpne thecoutputdevel 40

2 5 JUNy2002 WO 991 48260 PCTI US99/ 05120 64. The nethod of claim 61, wherein
the conpar glRired C THP Hebritg Reit! 1¥508s BETEELdSo Doakrduinkthd Hifhe@ap 150 befiteen

references to generate output signals. 65. The nethod of clalm64, wherein

t he on one_coppar a senses t sin > S| in differenti al
node \Ml“i/h ? s‘%ﬁ‘@g%%élﬁgea'ﬁ%rﬂ%fﬁﬂ@%gagkﬁgggg’?ﬁﬁ'?l&g%‘éﬁs when the 5

singl e-ended signals transition. 66. The nethod of claim64, wherein the
ot her conpar at orlhe stggeing lagic isidege using g dndividual exclusiver@R doeallyitar eafde wi t h
the sane noise imunity as differential signals when the single ended

si gnal s docdraparaton ficri Higher spéed, btk adjristmneht of skiding tinfe? andvfor improvisemargins er
i ncl udes a block of a device and the

adjusting for skews and mismatches. It would also be possible to have all of comparators de-

coupled from their receiver outputs using SSVTR and /SSVTR timing and one control signal

15  for all the signal receivers of one bus channel to occur at slicing time during the time gap to
reduce the number of devices in the receivers. This would reduce operating bandwidth, as the
proper comparator has to be connected to receiver output before the start of next transition. !

When all these elements are combined together, the whole signaling system works

with all signal SOx through SNx & /SSVTR starting at VOH, all signal receiver output

20 precharged to VCC and the SSVTR starting at VOL. Before the signal burst is initiated with
transitioning of the complementary reference signals, all comparators with differential signal
on them (SNx & SSVTR) are coupled to the receiver outputs. For signals transitioning, the

steering logic allows the signals to drive the output to the opposite voltage rail. For signals
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10 receiver includes another block of the sane device with infra-device

p-channel pull-up term nators. 68. A system conprising: a control bﬁgsjpgrznnz

having a nmaster end and a slave end; a first reference bus having a
end and a slave end; 15 a first reference transmtter coupled to the naster
end of the fiWQPI#&6krence bus for transmtting an oscill ati ng RGH/ESWN5220

thereon; a data bus having a naster end and a sl ave end; a second reference

bus havi ngnat tipasitioning, e stegring ineie de-epuplesths sigaals fram dhepresent camparaterto the
coupled to the master end of the second reference bus 20 for transmtting

an osci | | ajth&rGcongiaedtenchold aidorrestard thie reei ek @utput.x The assitdnkitionds pipetided
the slave end of the second reference bus for transmtting an oscillating

f o 5 . . " TL.
devi ce. couRERTE it eriadhiy difheeopBid bt gl Wl AR Senshe ol RBL"
trol signal to.th trol bus, led to th t 1d of the dat
bus for ¢ rimiheciengwidth pr e time siaialialiaedhe PEYIEHISION. t he cont rol si gnal

to the data bus and for receiving a second data signal responsive to the
controls signal Asshowihin EFlGt. 4 6pthe singhedendedsigml raseivieehasedifferentinbiaroplifiers gated

D1

second reference bus for receiving and using the oscillating reference from

the third gywef gewaciovwd dnesbivdrdhable s??.?ﬁ)? tiamningadTs the piwdrio tHearessiva Whéthé
(6]

signal; and ,” a sl ave devi ce couple he slave end of the control bus

for receiwving.t r anal. fr t ' , h

o1 ave. ond Bise RERRILI G T8 AR inkhadh Ve BRE GO b RAD L I 616 chdfiea
oscillating reference fromthe first reference transmtter to detect a
transi ti orfoithe nowerdeavncas reeeiyver enghla signab Jirther.iapullup fapsiator hél Hhas beengat o
bus for receiving the first data signal associated with the control signali
from t he reeapled tol avdecP0SBatdtsideaing WSt its sourcéandao dropaledralosimooradeceiver
responsive to the control signal to the master device, and coupled to the

sl ave @nd fblkRfpnaPRIRGalEhGrEMERRN td YCC. SR NIAND 2 16350 el e differential

oscillating reference fromthe second reference transmtter to detect a

transition in.dhe first data signal . = s 69,.The. e cl ai .

wher ei n tH’g’Fﬂ"cﬁ?fsr gpo B@e@g@eacqquégol%goonaﬁg t I"%%ti%e E}ﬂ%{ Wa?ie‘ ;ﬁ% g%%‘ﬁ?fl

| oad. 70. The system of claim69, wherein the first |oad equals the second
| oad. 71. iritiel eqndition igto presetrSNGY highs avith $Nx pulled high bydhe termingtiondgesistaneeer
t he second | oad. 72. The system of claim68, further conprising a second
data bus fpull-gedevidergh the sipnablinkdnd SSVER dowtland $SSCTRI ligh Wlhéirdshef therededver
signal. 73. The system of claim68, wherein each of the control bus, the

first ref %@sﬁﬁsn'immh afgntggb?d.bwﬁe PRAlahfl dRFe gg tﬁ@&ﬁﬁ%ﬁ%oﬁé‘%fﬁfés a

term nal resistance 1nte y at the nmaster e and a termnal resistance
exter rﬁ%l | )ﬁansmlat tsrs]f:c'\msgla % Bu rlllg is t%%)recharge the node 708 high quickly if necessary during power

up or when the exclusive-OR outputs have not reached stable levels.

By using devices with very low power dissipation and close physical packing, the bus *

can be made as short as possible, which in turn allows for short propagation times and high
data rates. The terminated controlled impedance transmission lines, as shown in FIG. 12, can

20 operate at signal rates of 1 GHz (1ns) or higher. The characteristics of the transmission lines
are strongly affected by loading caused by integrated circuits, like RAMs, mounted on the
bus. These integrated circuits add lumped capacitance to the lines, which lowers the

impedance of the lines and decreases the transmission speed. In the loaded environment, the
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25 J UfV 2002 74. The systemof claim®68, further conprising a second
sl.ave device coupled to the control bus for receiving a control signal from

1 the master device, coupled to the first reference bus for receiving 2GeUN 2007

oscillating reference fromthe first reference transmtter, coupled to the
data bus for A a data signal fi~omand transmtting a d '

V455489 9 9 E2 s b‘%
to the master device, and coupled to the second reference bus fgr recel %%g

the oscill '@.%3574;&@?@1 Iy {58 Sihe 2R &2V 25 ShisOMahé prpagatidnSeloct of 1§

system of cl ai urther conprising a clock bus coupling the first slave
device to the second sl.ave device in turn to the.master device; .and a cl ock
source for GRS RANAPP cﬂ%’c‘i?ﬂ“‘&ngif%iﬂ“ WHBHCE#BW"B%EO ‘fvgkeegrayjf;%vcrsa, as
substantially sinmultaneous receipt of signals fromthe first and second

sl ave devi chewnin FHa. 7a thesignil wiansitiony §meAs ghesendo be about2Siig 30¥sofidie signakrate
device to transmt a control signal via a control bus to a first slave

devi ce; tr gRgifitteldyBl2 tBné). AdapRfi€dtionds inidatee irethe megt 2910 30% of th rate. The
transitions in the control signal via a first reference bus to the first

sl ave devi cg, i I j A ?[p('ﬁ i t i

associ afed d\?\nwf ﬁgttﬁxg‘eégﬁfttgg ﬁlglt%%gﬁh@?g&gn#% a%ge’%géﬁé 8&%@@% S ge\./el;t
transmtting a second oscillating reference for detecting transitions i

the first dJ&llbeappresiated thatthe pegtycleepirreiae signal sl lirettipn is %‘ﬂ"&’(‘f@d’d‘é‘?iq’@e;
provi ding a second sl ave device between the nmaster device and the first

sl ave devi performad/withowg lassaifdnk efficiency whesel therdenices arefdlesetto shehvetheranidcthe hus
the second slave device in turn to the master device; and generating a

cl ocki ng sisgiilg Be igMRsCthak halff tHeQigabkite substantial ly simul t aneous
recei pt yof signals at the master device foamthe first_and secotid' slave

devices. 77. Th of claim76.. fluther I .SINQ. I .first

|l oad to the con?ggfigggo%ﬁp%Bﬁﬁ%tpgrégeﬁ ed?%%owwg bus.
78. The nmethod of claim 77, wherein the first |oad equals the second | oad.
52 218 Jresistanegdnternglly pringasounded gated-ghanneldeviges, kigh perfarmancgpoins 4@ ppint
different than the second |oad. 80.. The nethod of claim 76, further

conpri si ng systemg carhise bk tas sheken irr EIG.d 3B daterhdllysinserporating a¢raninatingadesistances
associated with the control signal via a second data bus to the first slave

device. s %l;ixgliﬂ%ﬁs tHE hE&L¥oP bpacedd Forifect theleki2Phial t&RANCRS BRA Feubdd\Wst. "M isﬁﬂﬁ@

of the cont , the first reference bus, the first data bus and the

second reference. bus. with a t i,nal resistan i nt er.nal l. t_qne end an
oxter nal | y Pateigi 1o 7 g elee FECURRnel R R T ERFEIG e B B BR SpeRER
mast er device_and first slave device; 1 o providing a clock bus coupled
fromthe frequiredin dischasging dhesigaaly linestodheidesired voHaga,rBothdhe GRUnand the
device; and ing signal on the clock bus to enable substantially

si mul t afeousn@Ry céntralicn hdve Bahpmriel terminatingrdevices whgsesizeshaybe chasen to equal a
control bus froma master device; receiving a first oscillating reference

for detect yptHabRRSishé aﬁ%‘;& Sfthe Bk Wilen ThéiP gited Ar a dglhafppfe%iiﬁr. qvé%ﬁes%f

receivihg a first data s | associated wmth the contr Signal via
first dat at}PcLﬁ-cmm 3e%cegau§é grsig(rjl Whiich i€'4 gomplement of the receiver enable to disable the'

receiver end and the transmitting end. This switching can be done while the receiver is preset

high, and before the burst is initiated on the signal lines. Internal resistances can also be used
20 instead of grounded gate P-channel devices. By using multiple buses as described in the next

section, a CPU to memory controller bus width can be reduced to 32 (36) from 64 (72) or the

bandwidth can be increased considerably. The backside cache connection of CPUs can also
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20 receiving a second oscillating reference for detecting transitions in

the first data signal via a second reference bus. 84. A nethod, conprsi nm 00
53 2 5 JUN 2002 WD 991 48260 PCT/ US99/ 05120 using a nmaster device to
transmt a control signal via a control bus to a first slave device;

transm tti ng wWof99r482600sci | | ating reference for detecting transi PCONS99/05120€
control signal via a first reference bus to the first slave device; using a
mast er devibe spe¢dup,sbenumber dfipirst ordthie CPIJ carabe redugedranidithe PBSRAMSs can bel

signal via a first data bus fromthe first slave device; and using a naster

device to eﬁﬁgeu?ro%lmqaéa%ﬁﬁeﬂebﬁ}émmgeﬁ@mam&sslt detecting transitions
in the first data signal via a second reference bus fromthe first slave

devi ce. 85. The t of cIa ur.

fond Lo the contiBt 18us o 1800 biibd SiGig Rites B RRR: (bR Y DDR
bus. 86. The nmethod of claim85, wherein the first |oad equals the second
|oad. 87. BRRAM orddDB;SRAMSsywhere signalseare recgived ﬁ%wltqn@a@sly s THe systema elockibus
the second | oad. 88. The nmethod of claim84, further conprising receiving a
second slat 4920 gtarts frogsp olosk seurte19¥eatchaénddppositethe memory contotidr HR053 i us
fromthe first slave device. 15 89. The nmet hod of claim 84, further

conmpri si nggaﬁ{e@ a3s hngaee%e@mfo ig& tﬁbmpufecohhsﬁéafosﬂ]erbﬁ&qm%dbus

the first at a US an e secon er ence bus wt a termnal resist ance

|nternally at .one d and extern h .he

e m g, G o emory cpreriet Lod, Theoftingon i dogtvietal s B

mast er device and the first slave device; 20 providing a clock bus coupled
from the fthedoadingon thdata eutput anidethe SSYAR Isand/SSVER Icxefarencesy #t widl behe

master device; and generating a clocking signal on the clock bus to enable

subst ant i ahppresiated tha IROEISCK %ﬁidlhﬁ@fcnﬁ fdferably) or bingleféridedl depehdie Opsh the
sl ave devi cltbapst at the master device. ng ~uW2aoZgV\D 99/ 4813?0

P! IS99 Oabek frdduerioy HRl 39dlem SRS ha%n&g TG g8 shitY e Vidlal 104 Sy PR

control buS tTroma recerving a atl ng reference
for detectin onsmthe contr, a f erence bus
5t r anm t B SY e baegrmilepaner v bayethesaoinds ey e Ges Popth ol e ik
bus to the master device; and transnmitting a second oscillati ng reference

for det ect busyl920ds siatchedsviththe eacellengthsofghe SSVIR 1 and /SSY TR xefatencet.eThace
bus to the master device. 92. A system conprising:

clock source 1915 introduces SSVTR1, /SSVTRI1 and the data from DDRDRAM’s at

different times depending on their location on the bus 1920, so that the data, SSVTR1 and
15 /SSVTRI arrive at the controller 1905 at about the same time regardless of which
DDRDRAM is driving the data. Each DDRDRAM could optionally use a DLL (delay lock
loop) to reduce the clock 1915 to data delay if needed for synchronization at the controller
1905. To reduce an additional pin in the clocked system where the data transmission is
predictable, a DLL may be used to generate /SSVTR1, having the same timing and voltage
20 characteristic but of opposite polarity, at the receiver end. The DLL would reproduce the
clock in all components (including the controller 1905 and DDRDRAMs 1910). The
controller would be aware of the cycle in which the data and the SSVTR1 reference is

predicted to arrive. After a write cycle is initiated by address and command signals, the
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1 o acontrol bus port; a first reference bus port; a first reference
transmtter coupled to the first reference bus port for transnittin%gﬁg
oscillating reference; a first data bus port; 15 a second reference UN 2002
port; a second reference transmtter coupled to the second reference bus

pert for trangi .t an oscillating reference; and a naster deyi | ed
to the controwaogd’ysg@rt for transmtting a control signal to théﬁ&#%&”

bus port, ﬁb%ﬁﬁlq ' . : : f’sﬂ?&ﬁ | j

signal 20 g@éom ated I\)\n‘h?f]f%ﬁgh%%?o w@%"gﬁfé‘ir mﬁa@fﬁ% rs%{ddéﬁggbft}?gg%lr‘l?%éﬁa
for receiving, a cond data signal responsive jo . the control signal_fro

the f1ret " die ARDUEED sapal onhuwhén HiecHEnd 1 predt b fhe FRek e fOmmSmEnD T fdsress
receiving and using an incomng oscillating reference fromthe second

reference land commantidings magtbegroupedswith SEVITROtand /SSYIRO. dheaddiays ahd cobtrol 2
5 JUN 2002 W O 99148260 PC f/US99/ 0s1Z0 93. The system of claim 92, wherein

the cont rolpyQuRidREfiomly carres’ m's%:glsaﬁ)&n&ﬁhemsﬁb?ymomf19d’mtﬁesecond

| oad. 94. The system of “cl alm 93, rein the first load equals the second

| oad. 95. Siem clali , Wherein t first load i ifferent than
the. secand HOBDIATE 910708k Th B cofisind bl addrest im0 a5 o ianid i
data bus port coupled to the naster device, wherein the master device

transnits &-bihpddressaThe 21ibifrremmandoisidene by weing /ERand ARASHN enegignal og the svo

second data bus port and receives a fourth data signal responsive to the

control si gdgés SfISSVTR@asd/SSVIRGBAR] thevtiResignabfor /TAS andyWaEN The 84bat addvéss
wherein each of the control bus port, the first reference bus 1 o port, the

data bus p : : ' rpal ' .
Fos: st ance g0 Hpts ByESHAR S B tBaGAS: BRGImhE MBI R RAS Sl RS bits
coupled to the contrQl. hus port for. regeiyj C r ol i gpal,fromthe, .
mester  devOEEOMERAdIoq s prougting At/ e for Y56y  ThegyTite cyele is

receiving the first oscillating reference fromthe first reference
t r ansnil t e dpne witp|16cdits®f chkuntn ansk bldek addsess with {CE,dCASzndi /WEgSEVIIiR(sanddat a
signal fromand transmtting a second data 15 signal to the master device,

and coupl ef@SSVTRY endyctserdifivabes e sydierd chseki(differentab)eind opgrdting at e0sache or a

oscillating reference fromthe second reference transmtter. , ~ 99. The
syst em of - ffdé:ﬁl By clﬁcﬁl%{ mi'l?ed%i' f § L Y|
cl ocki ng s%‘%baﬂh\%/’?éhet e gﬁ%’cﬁ Euéﬂl%%dr]t%k?:}(bmt 8 sl ave %V?P&Lﬁggﬁbiﬂe&m

oL, OO Bl U 20 o0t 10l S PO {405 Tor LSl SRRl RS o Brive

the command and address signals during read requests, and to drive data-in, SSVTR1 and
15 /SSVTRI for write requests.

) Using different references for data-in (SSVTR1 and /SSVTR1) and for address and
control (SSVTRO and /SSVTRO) further distinguishes the present invention from RAMBUS
signaling. In RAMBUS, all signals coming into the RDRAM are sensed based on a single
clock, whereas in the present invention the control signals and address signals are ona

20 different channel than the data signals. This enables running the control and address channel
at a different frequency than the data channel. All unidirectional high frequency signals
(address and control signals) terminate with their characteristic impedance on the end of the

bus away from the controller 1905. Since the controller 1905 is usually the master and is
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56 2 5 JUN 2002 WD 99/48260 PGI/US99/05120 a first reference transmtter
coupled to the second reference bus port for transmtting an oscill atziSn%M 0
reference to the second reference bus port; and a first slave device o
coupled to the control bus port for receiving a control signal from5 ,. )
to 15 . , 20wde9/48260 r ol bus port, coupled to the first referepcrnises st
for receiving and using an oscillating reference fromthe first reference
bus port tusuady fxed, allthialirectiomah signals Kdata sighals) tesminatd on thewphtrallércenidheitld ah a
bus port for receiving a first data signal associated with the control

si gnal fr i@l o aiterial fesRfrce 8P eith@h ihteAas Biduntew gate TeQRAReIdRYRES THRAN be

responsive to the control signal to the data bus port, and coupled to the

second refer t. for recgiv : ' Qosclllating reference
Fromthe SBErAeE Bkt oS et P3hithel divigg i 0 hhidthel
signal. 101. The system of claim 100, wherein the control bus port has a
first | oadiugsing thg,daty srie syele.pShe temination endheicomsepller side is aptiongl andmayie a
claim 101, wherein the first |oad equals the second |oad. 103. The system
of cl aism Iigh resisemnee aroud 10k tisd chats@teristic ithpédaneat Sinbea the duinisee @ Aterhdisd.

104. The system of claim 100, further conprising a second data. bus port

coupl ed t Liek . A L Wi ' g Qg%a, Wolatz]

associ at eg:o\i% A 12'te8 %!fﬁég’l 192%%%,&%}13&?@?& ﬁ%ﬁ%%nﬁ%% a roar ag%eg byan
signal responsive.to the coptrol signal. 105.,7Th t.em of. cl.ai m 100,

wher ei n e &XFTRA 9SOy ‘?Bl?dq?l{}gc B@?-‘ﬁ?lsﬁlﬂ% iLlPF'I‘ Lhe ﬁ@'ﬁ%ﬁ@ﬁﬁ%"ﬂﬂ%ﬂ%ﬁb“ﬁ he
data bus port and the second reference bus port has an external ternmn nal
resi st anc@refembly opieeates/atithersane frequencyl anthefsystemesiockofoy syrdhnenizatidnoanid bus
port; and a clock source for generating a clocking signal fromthe clock ¢ }

bus port }Uﬁefbﬂﬁly@ﬁﬂ@datdﬁ‘bhﬁ@ sinp[é DDRDRAMNN 1001 8561t WbrdSitPclock cycles (4 ns)
PG T/ US99/05120 107. A system conprising: nmeans for transmtting a control
Si gnallovi a

5

71 Pot 185 B RIS, Gl B blLEh BIALE tilthd G SR ML SSVAIEATY bl
iaafirsg ref bus to the first devi ce: ,

!t anen ¢ SHERY SAPABAREIo do ok RS I SN TR AR/ R VAR 1 b o balaning o

first

-

S

makes the slew rates similar and allows similar margins for all signals. When higher
bandwidth is required, three buses can be used as shown in FIG. 20. Two separate channels
of DDRDRAM’s are used with a single memory controller. This configuration allows a 4.5
15 gigabyte/sec-peak data bandwidth. The address and command signals may be shared between
the two channels on the SSVTRO and /SSVTRO. The clock and data are split to have 36-bit
data bus using SSVTR1, /SSVTRI, SSVTR2 & /SSVTR2. This saves pins as compared to
prior art of dual channel RDRAM’s.
Although the invention does not require a synchronous clock for the transmitter or the
20 receiver, it can use a synchronous clock to transmit data at a particular time and ﬁeqﬁency for
ease of testing and useful with existing protocols of synchronous DRAMs and SRAMs. It
may be desirable to use an on chip multiplier of a slow clock or an internal ring oscillator to

transmit data at high frequency without a high speed clock for synchronization to reduce
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data bus to the first slave device; and neans for transmtting a second
oscillating reference for detecting transitions in the first data si Q’SaJUN 2007
via a second reference bus to the first slave device. !'~") 108. A system
conprising: 10 neans for receiving a control signal via a control bus from
a-master devw,§89ugRgns for receiving a first oscillating refergrgg 991{5120
detecting transitions in the control signal via a first reference %

means f or n &l el dVdyaibnd P&wastmd,@é kit Pittthe 3RSAA bAIl8 YaMbhd sitd) SyscHréhidis o?' gnal

via a first data“bus fromthe naster device; and 15 neans for receiving a
second oscill.atin ce, for detectin O first data

si gnal V|%Fy8°l§83%‘%di‘+ﬁf?febépawpéhﬁf§m§@§w %et‘gﬁbhc %%% ‘g"% Means for
transmtting a control signal via a control bus to a first slave device;
means for tran%he faregaingdescriptiomelthe peafemed eabedisments ofdhe peesentiinyption is by
transitions in the 20 control signal via a first reference bus to the first

sl ave devivapof &Biile baly, et 6thy Viiiatiohs drfd medificationsusfithe nlbseadescribed o t he
control signal via a first data bus fromthe first slave device; and ss 2

5 JUN 200 ‘yga%

osci | Isgttl'%‘gl g‘r‘é%égq? c%g?gﬁésgi%@lgﬁ:at?%%r |g‘r?1)§féheé #I r§ gata Qnal
via a second reference bu fro he fir ve devi ce.

conpr i si rijthopgh the systen} %‘E@'P%hﬁ% V%P%Fc%eaﬁalwtﬂn%ééwm a
mast er-device; 5 means for receiving a first oscillating reference for

det ect i ngfrbmmnasttero’lﬂé tora re¢aiver 405y anle skillpdan the art avillirecognize fthat one eeferance
nmeans for transmtting a data signal responsive to the control signal via a

data bus ey b8SerniaAd He ShileRent3ferated ONRBO feckRier 408 id8] Usmmatw
osci il ati ng reference for detecting transitions in the to data signal via a

second Te epce. bus he
A AS. Al f“’ﬁ% ofker Wﬁdmlkg‘&%ws“ﬂ?n%s?ﬁdﬂgS&aﬁﬁ"'ﬂs"%ﬁt\%&%a‘ﬁw SA"?‘LM A 2
. An@ Ah. AS. AY@AY Af 0. A53, A5l | . A Asfl Au3. A, Y. Al F..A. @AY. A3U . AY. A. ATE.
A . AFY. Adsvices and gatgsacaraiternatiyely R‘H]CBF%?{;E]S&%]“@&PEMYC Bg ca] ca] ca]
ca] ca] ca] ca] cal ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] c*a] ca] c”al] cal] ca] c<a |
THY a" NYiniplemented using a programmed general purpose digital computer, using application
h| vgl gb] X] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] lﬁe].ﬂe Clcafts, orhSing 6 aeRAREITMRicsAHB tEAtMNveatioll ¢alnpahérds ca] C
aj c”a] ca] ca] ca caU] caU] Ca] ca] €a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalcalc
aj ca ca!x,
0¥ ! I!A %WW&%@?@S?&%%&%&]%“ ca ca] EaF e E] cm]lcaﬁ ca
] ca] ca] ca’gl:a] cajcalc glcaU] ca] ca] caLca] calca]calcalcalca]calca! (b(o({(((AY
) ) * a* * { ++Bhe prgsent invenficy js/limitedendy ]V}Veleq ¢lai®s U] ca] ca] ca] ca] ca] c”a] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca]ca]ca]ca! 01C1
112D2222@Bv333@Z24444450555B5N5] 5556066667~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca
Ul caU] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca! 7T7778_80889p99:1::::::=;1;

- V<= —e====>g>>| wr nhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! >>>| ???V@XQ@ @@ @b
AAAHBBBCDkDD E~EE;

FCFFFJGGEHSH~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] cal cal] ca] ca] cal] ca] ca] ca] ca] ca] c*a] ca! SHYH Hr HHHI cl | JyJJ4KKKKJLL
L_MVNgNNOWQO. PAPAPMP\ PPQY vgl f " [ V] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca! ChQQRORRR>SSSU
TTUcUWV] VgVV) W-WAWIAK\ XXX YYY+ZZ{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcal ZZ:[[[C
\\ A\ $] 2] ] $2wr 0 j ~~aeaabSbbbRcczupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal

cd _ddd; eeeO f

g”gagdgqg} ggg: hhh>iiij kdkkk9l | | Dmezupkf al W] ca] ca] ca] ca] ca] ca] ca] calca]calc
a] ca] ca] ca] ca] ca] cal] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! nmRn
nnnnn: oooBpppPgzqqq+r rr 9sssuuudvvvvvww vgl ga\ W] ca] caU] ca] ca] ca] ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca]ca
bvww xxx>yyyQzz{] {{| Z] |

1} ct 5Mvql gb] X]]] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca
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5  attributes.
9. The method of claim 1, wherein the oscillating reference is negated.
10.  The method of claim 1, further comprising the steps of:
obtaining an oscillating reference complement; and
comparing the complement against the current incoming signal and against the
10  previous signal to detect a transition in the incoming signal relative to the previous signal.
11.  The method of claim 1, wherein the oscillating reference includes an oscillating
source synchronous voltage and timing reference having a slew rate substantially equal to
one-half the cycle time of the oscillating reference.
12. A system for detecting a transition between an incoming signal and a previous signal,
15 comprising:
first and second input terminals for receiving, respectively, an oscillating reference
and an incoming signal;
an output terminal providing an output signal logically equal to the previous signal;
a first comparator coupled to the first and second input terminals for comparing the
20 reference and the incoming signal to generate a first result; and
a first controller coupled to the first comparator for coupling the first result to the

output terminal based on the previous signal.
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5  the previous signal toward the first re;

sult; and
the first controller is coupled to compare the oscillating reference and the output
signal while the output signal is still logically equal to the previous signal.
15.  The system of claim 13, wherein
the first result is coupled to the output terminal to manipulate the output signal from :
10  the previous signal toward the first result; and
the first controller is coupled to compare the oscillating reference and the output
signal after the output signal logically equals the first result.
16.  The system of claim 12, wherein the incoming signal is single-ended.
17.  The system of claim 12, wherein the oscillating reference is synchronous with the
15 incoming signal.
18.  The system of claim 12, wherein the oscillating reference provides voltage and timing )
attributes. -
19.  The system of claim 12, wherein the oscillating reference is negated.
20. The system of claim 12, wherein the oscillating reference includes an oscillating source
20 synchronous voltage and timing reference having a slew rate substantially equal to one-
half of the cycle time of the oscillating reference.

21.  The system of claim 12, further comprising

a third input terminal for receiving an oscillating reference complement;
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310% &'5( ) -B191046s¢stbth-foPdetecting a transition between an incoming signal and a previous signal,
comprising:
an output terminal providing an output signal logically equal to the previous signal;
a first amplifier for amplifying the difference between an incoming signal and an
oscillating reference to generate a first result;
10 a second amplifier for amplifying the difference between the signal and a complement
of the oscillating reference to generate a second result;
a first switch coupled to the first amplifier for coupling the first result to the output
terminal based on first criteria;
a second switch coupled to the second amplifier for coupling the second result to the
15  output terminal based on second criteria;
a first controller for controlling the first criteria based on a comparison of the
reference and the output signal; and
a second controller for controlling the second criteria based on a comparison of the
complement and the output signal.
20 23.  The system of claim 22, wherein
the first switch couples the first amplifier to the output terminal to manipulate the
output signal from the previous signal toward the first result;

the incoming signal is logically opposite to the previous signal;
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5 24. The system of claim 22, wherein

the first switch couples the first amplifier to the output terminal to manipulate the
output signal from the previous signal toward the first result;
the incoming signal is logically equal to the previous signal; .
the first controller is coupled to compare the reference and the output signal after the s
10  output signal logically equals the first result; and
the second controller is coupled to compare the complement and the output signal
after the output signal logically equals the first result.
25.  The system of claim 22, wherein the incoming signal is single-ended.
26.  The system of claim 22, wherein the reference is synchronous with the incoming
15 signal.
27.  The system of claim 22, wherein the reference provides voltage and timing attributes. ‘
28.  The system of claim 22, wherein the reference is neéated.
29.  The system of claim 22, wherein the reference includes an oscillating source
synchronous voltage and timing reference having a slew rate substantially equal to one-half of
20 the cycle time of the oscillating reference.
30. A communication system, comprising:
a transmitter for transmitting an oscillating source synchronous voltage and timing

reference and a new signal to a receiver;
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the transmitter further transmits a complement of the oscillating reference to the
receiver;
10 the transmission lines carry the complement to the receiver; and
the receiver detects a transition based on comparisons of the new signal and the
previous signal against the complement.
32.  The system of claim 30, wherein the receiver includes
first and second input terminals for receiving, respectively, an oscillating reference
15 and an incoming signal;
an output terminal providing an output signal logically equal to the previous signal;
a first comparator coupled to the first and second input terminals for comparing the
reference and the incoming signal to generate a first result; and
a first controller coupled to the first comparator for coupling the first result to the
20 output terminal based on the previous signal.
33.  The system of claim 32, wherein the first controller compares the oscillating reference
and the output signal.

34.  The system of claim 33, wherein
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the first result is coupled to the output terminal to manipulate the output signal from
the previous signal toward the first result; and
the first controller is coupled to compare the oscillating reference and the output
signal after the output signal logically equals the first result.
10 36, The system of claim 32, wherein the incoming signal is single-ended.
37.  The system of claim 32, wherein the oscillating reference is synchronous with the
incoming signal.
38.  The system of claim 32, wherein the oscillating reference provides voltage and timing
attributes.
15 39.  The system of claim 32, wherein the oscillating reference is negated.
40. The system of claim 32, wherein the oscillating reference includes an oscillating
source synchronous voltage and timing reference having a slew rate substantially equal to
one-half of the cycle time of the oscillating reference.
41.  The system of claim 32, further comprising
20 a third input terminal for receiving an oscillating reference complement;

a second comparator coupled to the second and third input terminals for comparing

the complement and the incoming signal to generate a second result; and
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5 the receiver includes memory.
43.  The system of claim 30, wherein
the transmitter includes a microprocessor; and
the receiver includes a system controller.
44.  The system of claim 43, wherein the system controller includes a memory controller.
10 45. A signal receiver system for detecting a transition from a previous signal to a
subsequent signal, comprising:
(@  an output terminal providing an output signal logically equal to the previous signal;
(b)  afirst receiver including.
@) a first comparator for comparing an oscillating reference against the
15 subsequent signal to generate a first result;
(ii)  afirst switch coupled to the first comparator for coupling the first result to the
output terminal; and \
(iii)  a first controller coupled to the first switch for comparing the oscillating
reference against the output signal to generate a control signal for controlling the first
20 switch; and
(©) a second receiver in parallel to the first receiver including
@) a second comparator for comparing an oscillating reference complement

against the subsequent signal to generate a second result;
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46. The system of claim 45, wherein
the first result is coupled to the output terminal to manipulate the output signal from
the previous signal toward the first result;
the first controller is coupled to compare the oscillating reference and the output
10 signal while the output signal is still logically equal to the previous signal; and
the second controller is coupled to compare the complement and the output signal
while the output signal is still logically equal to the previous signal.
47.  The system of claim 45, wherein
the first result is coupled to the output terminal to manipulate the output signal from
15  the previous signal toward the first result;
the first controller is coupled to compare the oscillating reference and the output
signal after the output signal logically equals the first result; and
the second controller is coupled to compare the complement and the output signal
after the output signal logically equals the first result.
20 48. A transmission system, comprising:
a generator for generating an oscillating source synchronous voltage and timing

reference having a slew rate being about one-half of the cycle period of the oscillating

reference; and
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receiving an incoming signal;
comparing by a first comparator the oscillating reference against the incoming signal
to generate a first result;
comparing by a second comparator the complement against the incoming signal to
10  generate a second result;
using a control signal based on the previous signal to control whether the first result or
the second result passes as an output signal.
50.  The method of claim 49, wherein
the previous signal was passed as the output signal via the first comparator;
15 the incoming signal is logically the same as the previous signal; and
) the control signal allows the second result to pass as the output signal.
51.  The method of claim 49, wherein
the previous signal was passed as the output signal via the first comparator;
the incoming signal is logically opposite the previous signal; and
20 the control signal allow the first result to pass as the output signal.

52. A method of transmitting and receiving a plurality of small-swing single-ended

signals, comprising:
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receiving the plurality of signals and the oscillating references at the receiver;

generating an output by comparing the signals and the oscillating references;

coupling the output to a receiver output terminal, when the signal transitions; and

decoupling the output from the receiver output terminal, when the signal does not

10 fransition,

53.  The method of claim 52, wherein the source is coupled to the receiver via a

transmission line on a bus, which is terminated at both ends by the characteristic impedance

of the transmission line.

54.  The method of claim 52, wherein the source is coupled to the receiver via a point-to-

15  point connection, which is terminated at both ends internally.

54.  The method of claim 52, wherein the source includes a block of a device and the

receiver includes another block of the same device with intra-device p-channel pull-up

terminators.

55.  The method of claim 52, wherein the signal has a small swing less than one volt.

20 56. The method of claim 52, wherein the signal has a small swing less than 40% of the

supply voltage.

57.  The method of claim 52, wherein the signal has a slew rate less than 110% of the

signal rate for signals transmitted above the rate of 600MHz.
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ansmitting a p urallty of small-swing single-ended 31gnals from asourcetoa

... receiver including two comparators and an output terminal;
) transmitting substantially in parallel from the source to the recciver a pair of
10 complementary oscillating references having substantially the same slew rate when the singe-
ended signals transition;
receiving the plurality of signals and the oscillating references at the receiver;
coupling only one of the comparators to the output terminal based on a current logical
value on the output terminal and the current value of one oscillating reference; and
15 decoupling the other comparator.
61.  The method of claim 60, wherein the step of coupling includes coupling the only one
comparator to the output terminal when the single-ended signals transition.
62.  The method of claim 60, wherein the step of coupling includes decoupling the only
one comparator and coupling the other comparator when the single-ended signals do not
20  transition.

63.  The method of claim 63, wherein the other comparator provides an output signal that

restores the current logical value at the output terminal.
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signals in differential mode with the same noise immunity as differential signals when the

10m
5  single-ended signals transition.
66.  The method of claim 64, wherein the other comparator senses the single-ended signals

in differential mode with the same noise immunity as differential signals when the single-

ended signals do not transition. ,
67. The method of claim 52, wherein the source includes a block of a device and the { \)
10  receiver includes another block of the same device with intra-device p-channel pull-up
terminators.
68. A system, comprising:
a control bus having a master end and a slave end;
a first reference bus having a master end and a slave end;
15 a first reference transmitter coupled to the master end of the first reference bus for
transmitting an oscillating reference thereon; )

a data bus having a master end and a slave end; )
a second reference bus having a master end and a slave end;

a second reference transmitter coupled to the master end of the second reference bus

20 for transmitting an oscillating reference thereon;

a third reference transmitter coupled to the slave end of the second reference bus for

transmitting an oscillating reference thereon;
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signal from the master device, coupled to the slave end of the first reference bus for receiving

p)

and using the oscillating reference from the first reference transmitter to detect a transition in
10 the control signal, coupled to the slave end of the data bus for receiving the first data signal
associated with the control signal from the master device and for transmitting the second data
signal responsive to the control signal to the master device, and coupled to the slave end of
the second reference bus for receiving and using the oscillating reference from the second
reference transmitter to detect a transition in the first data signal.
15 69. The system of claim 68, wherein the control bus has a first load and the data bus has a
second load.
70.  The system of claim 69, wherein the first load equals the second load. \
71.  The system of claim 69, wherein the first load is different than the second load.
72.  The system of claim 68, further comprising a second data bus for carrying a third data
20 signal associated with the control signal.
73.  The system of claim 68, wherein each of the control bus, the first reference bus, the
data bus and the second reference bus has a terminal resistance internally at the master end

and a terminal resistance externally at the slave end.
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from the second reference transmitter.

75.  The system of claim 74, further comprising

a clock bus coupling the first slave device to the second slave device in turn to the

master device; and
a clock source for generating a clocking signal on the clock bus to enable substantially

simultaneous receipt of signals from the first and second sl;a.ve devices at the master device.

76. A method comprising:
using a master device to transmit a control signal via a control bus to a first slave device;
transmitting a first oscillating reference for detecting transitions in the control signal via a

first reference bus to the first slave device;

using the master device to transmit a first data signal associated with the control signal via a

first data bus to the first slave;

transmitting a second oscillating reference for detecting transitions in the first data signal via

a second reference bus to the first slave device;
providing a second slave device between the master device and the first slave device;

providing a clock bus coupled from the first slave device to the second slave device in turn to

the master device; and
generating a clocking signal on the clock bus to enable substantially simultaneous receipt of

signals at the master device form the first and second slavé devices.

77.  The method of claim 76, further comprising applying a first load to the control bus

and applying a second load to the first data bus.

78.  The method of claim 77, wherein the first load equals the second load.
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83. A method, comprising:

15 receiving a control signal via a control bus from a master device;
receiving a first oscillating reference for detecting transitions in the control signal via
a first reference bus;
receiving a first data signal associated with the control signal via a first data bus from
the master device; and
20 receiving a second oscillating reference for detecting transitions in the first data signal
via a second reference bus.

84. A method, comprising:
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in the first data signal via a second reference bus from the first slave device. B
85.  The method of claim 84, further comprising applying a first load to the control bus ( )
10  and applying a second load to the first data bus.
86.  The method of claim 85, wherein the first load equals the second load.
87.  The method of claim 85, wherein the first load is different than the second load.
88.  The method of claim 84, further comprising receiving a second data signal responsive
to the control signal via a second data bus from the first slave device.
15 89.  The method of claim 84, further comprising terminating each of the control bus, the
first reference bus, the first data bus and the second reference bus with a terminal resistance )
internally at one end and externally at the other end.
90. The method of claim 84, further comprising
providing a second slave device between the master device and the first slave device;
20 providing a clock bus coupled from the first slave device to the second slave device in
turn to the master device; and

generating a clocking signal on the clock bus to enable substantially simultaneous

receipt of signals from the first and second slave devices at the master device.
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transmitting a second oscillating reference for detecting transitions in the data signal
via a second reference bus to the master device.
92. A system, comprising:
10 a control bus port;
a first reference bus port;
a first reference transmitter coupled to the first reference bus port for transmitting an
oscillating reference;
a first data bus port;
15 a second reference bus port;
a second reference transmitter coupled to the second reference bus port for
transmitting an oscillating reference; and
a master device coupled to the control bus port for transmitting a control signal to the
control bus port, coupled to the first data bus port for transmitting a first data signal
20  associated with the control signal to the first data bus port and for receiving a second data
signal responsive to the control signal from the first data bus port, and coupled to the second
reference bus port for receiving and using an incoming oscillating reference from the second

reference bus port to detect a transition in the second data signal.
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98.  The system of claim 92, further comprising a slave device coupled to the control bus
port for receiving a control signal from the master device, coupled to the first reference bus
port for receiving the first oscillating reference from the first reference transmitter, coupled to
the first data bus port for receiving a first data signal from and transmitting a second data

15  signal to the master device, and coupled to the second reference bus port for receiving the
second oscillating reference from the second reference transmitter.
99.  The system of claim 98, further comprising a clock bus port for receiving a clocking
signal via the clock bus port from the slave device.
100. A system, comprising:
20 a control bus port;
a first reference bus port;

a data bus port;

a second reference bus port;
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control signal to the data bus port, and coupled to the second reference bus port for receiving

e
- and using the oscillating reference from the second reference bus port to detect a transition in
10  the data signal.

101. The system of claim 100, wherein the control bus port has a first load and the data bus

port has a second load.

102. The system of claim 101, wherein the first load equals the secound load.

103. The system of claim 101, wherein the first load is different than the second load.
15 104. The system of claim 100, further comprising a second data bus port coupled to the
first slave device for receiving a third data signal associated with the control signal and for
transmitting a fourth data signal responsive to the control signal.
105. The system of claim 100, wherein each of the control bus port, the first reference bus
port, the data bus port and the second reference bus port has an external terminal resistance.
20 106. The system of claim 100, further comprising

a clock bus port; and

a clock source for generating a clocking signal from the clock bus port to the master

device.
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data bus to the first slave device; and

means for transmitting a second oscillating reference for detecting transitions in the
first data signal via a second reference bus to the first slave device.
108. A system, comprising:
10 means for receiving a control signal via a control bus from a master device;
means for receiving a first oscillating reference for detecting transitions in the control
signal via a first reference bus;
means for receiving a first data signal associated with the control signal via a first data

bus from the master device; and
15 means for receiving a second oscillating reference for detecting transitions in the first
data signal via a second reference bus.
109. A system, comprising:
means for transmitting a control signal via a control bus to a first slave device;
means for transmitting a first oscillating reference for detecting transitions in the
20 control signal via a first reference bus to the first slave device;
means for receiving a first data signal responsive to the control signal via a first data

bus from the first slave device; and
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means for transmitting a data signal responsive to the control signal via a data bus to

the master device; and
means for transmitting a second oscillating reference for detecting transitions in the

10  data signal via a second reference bus to the master device.
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