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HI GH SPEED SI GNALI NG FOR | NTERFACI NG VLSI C'r\mm H{HWEWBACKG?QJNP Cfon Tl
11~1VENTI ON Field of the Invention s This i W I "I tes genera[slyto
conmput er si gnal conmmuni cation, and nore particul.ggle to an integrated
circuit intwcess2end net hod for hi gh speed bl ock transfer si poxhisogosio
data, control and address signals bet ween rrultl ple int egrat ed Ci rcw ts on a
bus or poi nt -t 3HG ATEREAQT : - Vs \
Background Art 1o Sem conductor int egrat ed CI rcwts used in di gltal
conputing and other digital applications often use a plurality of Very
Large Scal e Integration (VLS>] interconnected circuits for inplenenting

bi nary conmuni cati on acros ' e (s ransm ssi on |ines.
Conventional transm ssion Isﬁlitgt nWr@Wﬁnﬁre fornmed on a
“suitabl e substrate, such as a printed circuit board. Each transm ssion line

may be desi gndileldbf¢hd Invertiompl e, using so-called micro-strip traces and
strip line traces to forma transm ssion Line having a characteristic

i npedgnce on tjys BiveRtiofelARsEncRilty 18 coMiter AphalicbRinhatationsasdmore

transm ssion line may have its opposite ends termnated in their

{1 anom sdenipferly B RAGREGracd s silrnc O RnBa BB el MR eter . (e

hi gh fi~equency si %al ing roquires small anplitude 20 signals. For a

recei ver St signals betwesp myjupleante qiTcuits on akysey
envi r onnent Iike GTL, HSTL, SSTL or RAMBUS, the current nust al so be very
| ar ge ( e.pgint-to+point evithrréduiced fpoS@r tenstithptiohl | anps per driver). A typical
recei ver uses a conparator with a voltage reference (VREF) signal

conflguer nu%mmw&vol tage (V~ and 1~61Al~Id 2 5 JUN
2002 wo ~~~zsO PC-Trus~rostro I npu ow vol tage (VMIL). The YREF signal is a
hi gh .| npedanc Ita e reference. whi s | el Lt h poner
cunpiPes over SePemaBP fuferaEl SREH e ih (eRELGrriERE oba Sl BB

Conr enti onal | Hi gh OJt put Vol t age OH) and. Low Qut put Vol tage (VQL)
denot e s@@?léﬂaé emﬁarsﬁqaﬂﬁ}n&mg@ﬂ) RRectad

denote signals arrivi ng at the i nput of the receiving de~fcx, although t hey
can be coirsuitiforinplementingrbisaryrammuicationacrass ainblemrhnulhas;gmm’tddl ustisting
a prior art receiver 10 using RAMBUS technol ogy. The system 10 incl udes a

pad 100 gaughisdol lifes! CliVentibk® trandidistion LinkSmbRide trabetl WhikhCArk $5:3netiidh a A
VREF signal 105 is coupled to each internal recei ver 110.7 VREF i's generat ed

Five - PR wbifpbls et sy d priled PEutbodl HofraboifhOl Bhe Mielactied? *
exanpl e signal relative to a high reference vol ta%mesVR FFh) and a Iow
r ef ed&nc EORFRMRlFe LHNREECIlledmicre,iripragssjand stri 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 m anoisy
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

1 | LT
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VRF, FI val ues typically depend on power supply variation used to generate
the VRg signal. The large voltage swing, i.e., the difference bet V\gﬁgumum
high vol tage _signal (VI'1l~ and a |ow voltage signal (VIL), and sta

signal |evels about and bel ow the VREF signal are required 15- for reliable
det ecti on ofWO9ME60pol arity. The vol tage swi ng of cturent sineCPUSosesI20
signaling technologies is conventionally around 0.8v. ,._ .) FIG 1 Cis a
bl ock di admputiaw veltageAVik)y Tam¥REFisignabis achigh impedance D(;¥oltage refeenceiwihjich
RAMBUS t echnol ogy. The receiver 150 sanples the | evel of input signal 167

and of t hgaMBAGoselwwith pbbver btgi]ilibs 6V tine Bat canfociepordl Hliafthetaheii!noisy.
which tinme the pass gates 160 and 20 165 turn o~ Once the pass gates 160

i cct 1 onCopysitopilfy, SRR Pl rohle IVORSR Efb! Guitt VoMb (VT ) SRhrs sigpals

recei ver 150 for an exanple signal. The recejver 150 sanp|es the input
r ef er encecmerging-fremdheransmiging soprces, 1d ¥ H; an Xiﬂ&natm@almm at t& put 5
low logic level (VIL)) sad, while the input 2 2 5 JUN 2002 _ WD 99/487?b0
PCT/ US99/ 65ihe feceivingtievice, althinigh théyhean tecorinsidereiiibe sams signalhe val ue of the
I nput signal. As stated above, for __ \ reliable signal detection, the

signal vol t agepfry 10is 8l ﬁia%ﬁﬁiilﬁ:?ﬁ’ﬂini i6Y droMéciivier 1 0'Bsih ﬁlMPv 150 to
sanpl e a stable si ga?lal V\nb%lE ah adequat e na%i n for set-up a% 0 (?sti nme.

: : . 0 .4 :
o al 1 ow EmIRESS AR O Hehudeta pad Tof oipiedvea amit Eprh B3 Rbieat fopptu
cycle tinme reduces bel ow 1 nanosecond, the margins reduce for signal skew,

set up tireceixers 1181 & YREE signal 103 iscoupled to each integnal seceiver 1A6. is current

in a high capacitance | oadi ng environnment operating at high frequency. L
vol t age didnerutehfromlthepower supply( Uéaally, theDCovalid-bfthe pbSRF siipplp vatissby ive

t hese problens by using a 250nv voltage swing at the expense of namng 1 o
conpl | négE%ﬁ ' ah%_i | {fn EW ﬁi\kﬂ%ﬁﬂ? SxAfE! @Q& lﬁy&r es
t he plkn coun tgsn%vpac ég%hg% ze.g urt er,%corrpute ajslysteﬁtss§ pI )c(ea y %taﬁsl i ze
a bus systemin which sey devj ces ar.e coupled S. of, them
use a cli oli‘:‘ﬁﬁn eTeHes Yraiage m&mﬁr%@é" M%fﬂ%e%ﬁs%%m
illustzates a prior art system 2100 for DRDR. AM whi ch uses a cl ock |ine

2130 15 h¥REFRvalues typigaliyndepend 98 pawer supply vaiationaisad o geanesde thet ¥REF signah
one end of the data bus to a turnaround point 2137 near the second end of

the bus. ThelafieR®hagd mﬂng,sm,rmammwvmd% High Woltige dighia) AVIYyshdd fofw back

to the first end of the data bus. -The signal bus 2120 caai es data, address
and contr | %V]IT ' EQBB's%M] Eﬁﬁ" i vqu;egg Qw
2120 al m{/ﬂgha@%%@%%ls c%t%rlrporan usﬁsa\g\nt Jaér@tl?ego?ﬁgpsarre #Ir“gc |%§ as the
cl ock, 2132 use by thg .device to.receive the signal. This rks fipe if
Che | Hai gTepledeecton, A sighal s larhd TheyBIth e ol Eoftmas Apblaebded gpaing oci
2132 is used to sanple and receive the signal. However, sonetines the
syst em nitg¢hnotagigsiis conventionallyareindD.8ndw dth i n which case this type of
bus ~~.. WD 99/48Z60 2 5 JUN 2002 :
FIG. 1C is a block diagram illustrating schematics of a prior art receiver 150 using
RAMBUS technology. The receiver 150 samples the level of input signal 167 and of the
VREF 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 turn 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



PCTNS99/ 05120 system needs to doubl e the nunber of signals even though the
address aad control signals are identical, and could have been shamegy 2002
Accordingly, there is a need for |ow power drivers and reliable receivers
for high $equency operation of a |arge nunber of single-ended signals in
exi sting tectwobwygseed or | ow 5 cost VLSI 3igital 3f itens. SUMVIERT/¥$49/05120
OBJECTS OF THE 1) NV>?NTI ON A system of the present invention uses snall

swi ng di f f signal is tablep theaeceivardiif semses theovalugjef the input signal. rAs sated above,domnl s
(SSVTR and / SSVTR) to conpare single-ended signals t o of the sane sw ng
generated t&imd dighat dBRctidh, @ st veitigd $wing aiushbe fast broughied allowialldki ng.
It will be apprecrated that "/" is being used to indicate a | ogical NOT.

t

Al'l signals are t inated w thei {SLLG -] ends
of the trafeRIEE bif ippuBte vih 4 sk BRSECHE nd ot
signals are_driven by the transmtting integrated circuit. Each signal .
recei ver i Hisnelage swingshould gearrdn less 0% of thermppmumeyels %msﬁ%ﬂa\yapmn
SSVTR and the other for conparing the signal against /SSVIR A present

si gnal i nforsignl siew] s¢faipanddmldviings. dothensihimum sycie tipeadduarsthelovall | y by
usi ng exclusiveOR logic wth SSVIR and /SSVTR Unti hSSVTR and / SSVTR have

changed t hghdosBldnar &W‘WW— fiine addHOR-fiRfeClvitlIthélet ect s
whet her a c aorfge mﬁlsel)ﬁgdrﬁ%iﬁsﬂary val ue occurrgéj. Again, it wll be

appreci ated,t.hat ,SSVIR and [ SSV' TR change i heir. binary..val ue 20 every t.inme
t he signal a@ﬁogﬂi PP?‘%%‘@FWWU@.Z‘ W%ﬁg %MP&#@E at
synchroni zed with the signal. The nmethod of the present invention includes
the steps bi‘gh(ﬁmaﬁnn)'né-oahv@@ebﬁmémg%&ﬁbmmgﬁ%ﬂmm' ng
reference and its conplenment (SSV1'R and /SSVIR), 4 2 5 JUN 2002 WO

991 48260 P&léréard theSbprableaisby i & 250mea voltagerswing asihe gkperss &f curtiiggal . The
nmet hod conpares the oscillating reference against the incomng signal by a

first gpnp eﬁtﬁa' tlﬁﬁﬁid' 1Efetitaty '?ﬁ!ﬂsﬁﬁ%} ndrBfes iﬁE&gﬁ
agai nst thg&lﬂﬂ%ém ng s gnsgl y f?ﬁ%nd corrp":él ator to ggnerate a secon :

result. T he, nethod.then selects one of the first result or the second
result as %RF s"i _ - m _ signal based on the previous signal. The
step of selecting one of the results includes conparing the output signal
to the referencEurtiss\computarsystems inepiealhyutiize s bus/spstem in yhichrseveral dgviges are
selecting further includes manipul ating the output signal fromthe previous
si gnal t ovnegupled tt¢hd buss Mést o tHenDiiseesiockito wedidhie, dabf addresyarid vontrolgighsls.or

which is currently coupled. If the incom ng signal changes, the step of
sel ecting gRsl Sstiies Ao W}D?memﬁ s g@gﬁ& talae

i ncom ng sﬁ}?\a q'gt ays st eoglgﬂm%,y&. eﬁsteg of sel ecti%ﬁ%}{?%cﬁu es ]'Hieef%lgt?pl i ng
the cufygent| v coupled co at couplin ot her. conparator., T

et hodl3 e SiileeBmsaR 236 Abe 243 ' ofF herad 2136 cfind i 8 5 fthe i
advant ageously elimnate the need for a high infBedance VREF si gnal for

conpar i sonbusto &tamaroyngd peing 2 hiyl reas thessecandjend of thehns Thejotherclople segmant 2338

15 thrde distinct voltage |evels {the output high |evel, output |ow |evel

and the VRixterds\irin) thieauinafoudd 21 3 bickviol thefiest end of the(datacbial (Thietsigriah bud 2120
and the output low level). Elimnating VREF reduces necessary voltage sw ng

and accor dlpgkyddtE dHaRSs 4QWohtrbINISHHID TS togdiégifertures 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

—



receiver with dual conparators allows coupling of the receiver to the sane
conpar at or when the signal changes every cycle. Only one conparator is
coupl ed basod on the current binary 2o value of the signal and 3SVJI )(The
system has an individually adjustable delay for each receiver to couple or
de- coupl e t woOswmsper at or, thereby reducing the effect of skewrdumsegosizo
transm ssion of source synchronous signals. The system may have nmultiple
di ~' er ent i system peads te dnubie theonnbar|of aigoals esien theughy thecsddreass gred congrol|signals are
conpare nultiple single-ended 5 2 5 ~uN 200. WD 99/48260 PCT/ U899/ 05110

si gnal s i njdelBcataiid dotidEiHvabeeh Stiarédli t such as a m croprocessor or system
control l er that ’has. many signals. The system and net hod provide

differential signaling,benefits i ingle e | analql €, i ng
the same concepg,cc? ,%Sﬁﬂ'ﬁf%ﬁcﬁa@’éf%gﬂ??edg}%?%@dqz@%{]geﬁé%?;@% ce
synchronous voltag~"and timng reference signals to conpare bi-directional
si ngl e- endfrdqusngy aperatiotef alargesmmber of sipglecended signalsin exighiagtechnglogy for low
controlling the signal slewrate to be a substantial portion the total

si gnal sper ¢axtl VUISTdigiay Syseaus;i ng out put current The system nmay have internal
i npedance matching circuitry such as pull-up resistors or groundod gate
pchannel for matching the characteristic inpedance of the t:ansm ssion |ine
on both ends of a ~ o point to-point connection between CPU and cache or
CPU and system controll g circuit to
convert a single-ended BB COHPTET- T8ty Ot o be transmtted
and received with conparable noise imunity of differential bus for

i nternal data bAsystemmfithe present dnvention uses sowaliowing diffesential sowrce smehronous
integrated circuits. The system preferably has vari abl e devi ce size of ttlé‘)
transmi tt evoliigk Bndtifing reféretee Gy (SSVIR and /SSVIR)Yo @binphe® siiple-chied sighals
slewrates for all signals in each group of SSVIR and /SSVIR and plurality

of sigpals j LGinb ', ] t%% rﬂ&gs%]n tgﬁgi {11 é&%’ t
that the c%%%g#ngl gnglggﬂangha ress S|g%t§ s%rcrlay etf%nlt@ﬁislnldﬁl?%dio a E(Hj
different c nel than the data.signals. This enabl unni n he control
and addres‘é”t] é‘f"’%?démﬂi ff%m&%éﬂm*%?ﬁ%ﬂ@ﬁzotaw% #e, and
enables different | oads to be applied to each of the channels. 20 BRI EF
DESCRI PTI Gemumatediwvithrthvic sisgasterstid impedancetondioth endsgpfibe transmissien lingg. a pri or
art RAMBUS- based receiver. FiG IBis a timng diagzamillust<nting signal

| evel s of S4WTRafxd /SSVIRIiteEgIOEVery Gerd thieWalid signats areNirvea by the\Gainitit 0
PCT/US99/ 05120 FIG 1 Cis a schematic diagramillustrating another prior

art RAMBU %%?ﬁgj ﬁf‘"&ﬁi Pgh J reddivd Tyl m'ggggé%@ H}%

operati onsi'g' e Bplhg’ artérﬁg@géévsw%ﬁ Tésdelafdgéé@%ec t\?@ Vi ew
bl ock diagramii | l.ustrajl system vVith a master .and sl ave devi ces
'’ acclr doaiel agaiast o8y T eufine oftes don compapipe Bemenal agaipst (SRVIRS A ghrseat
illustrating the FIG 2A system having transm ssion |ines w th inpedance

mat chi ng rségnal bimary alue deterprines which comparator is coupled, optionally by using exclusive-

La

)
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 SSVIR 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 syncl-z_ronous voltage and timing reference and its complement (SSVIR and /SSVTR),



FIG 3Ais atimng diagramillustrating the differential reference_si nals
SSVIR and /SSVIR rel ative to signal sense times. FIG 3B is a tim'né5 N 2007
di agramillustrating SSVIR and /SSVIR relative to a single ended signal.

FIG 4 is a high level schematic illustrating single-ended signal

recei vers. Flyzpodugsspd flowchart illustrating a nethod of com%ggmuo
signals froma transnitter across a transnission line to a receiver.

FIG 6A isagq %&ﬁ Mmébﬁﬂi’gadﬁgl{:JcH&M ségﬁag 0 The flethbd coipares B8 oaﬁﬂaﬁﬁg)w

turning-off driv or all signals B is a schematic di agram

i gnal s Frerens gt B et Sienalod Bt Bropbfi h Tafiefe R R E AR 125"

signal receiver |n a 2o first enbodipent. FIG 7B is a schematic d| agram
i | [ustrati sgmpares the complemens againstthe inamiing tigegl \bya sesond cerapaTator m)senqmta
~ 5 . 11'I'N 2002 WD 99/ 48260 PCT/ US99/05120 FIG 7C is a schematic diagram

i || ustrat i gecond Tésolt. 4hemdhet 8g eslects onebf the Gestiresuli or the sévond resultaianwotput
FIG 7D is a schematic diagramillustrating a FIG 4 single-ended signal

rlefﬁ!s;/regt:g T%ﬁ&% gf’mg‘f"’ﬁ ll_.Eg'?'}fﬁz%fkﬁ?%%%?lgl‘scorrparator g@dﬁG 4,

FIG 8B is a schematic diagramillustrati et ai | oft

to SSVTR cSPRRRRERENNE SHtPEt o the referencs ( §§V§h§ ‘iiﬂa i@: PSR! e
illustrating receivers with individually adjustable to deI ays to elimnate
skew dur i ngtep ofiseledtingifortherfndudesonanipulsting:the sutpiug signal Fomfthe previend signaly
between them FIG 11 is a perspective view of a hard-wire | ayout of the

FIG 2 systifiardfthefirst4ésultordestndGksili, Based Bnithe tthparaiod WiiclDisichireh
system jn accordance with this |nvent|on 15 FIG 12B is a bl ock |agram

il lTustrati gﬁﬁP

| npedance- #&P%E} nghﬁ@}mé&@egﬂg&g gg#é%g\%%gg%% ﬁe sa%negrat ed
circuit. FIG 13A is spectlve vLeWbIoc diagramil|l straln,

uni di r &t i SPPAPATEOR RAKA ?igel§ IBFRTRING siEnl StaYShe Sapfipe step P‘FﬁﬂFﬂwg'Pﬁ\%ﬁe'a
single integrated circuit FIG 13B is a perspective view bl ock di agram

i || ustrati copplingthes¢uwreatly cgupled c@mparator and coupling (the othercpmoparatori Theintethadd G
14A illustrates a prior art fixed voltage reference whose value is anend

t he m dpoi fien @ilows BHeirfeuid o ¥abitizgle | evel and logic low level. s 2 5 ~uN
r oot

The system 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



- WD 99148760 PCT/ US99/85120 FIG 14B illustrates conplenentary references
whi ch have the sane voltage swng as any signal. FIG 1 SAillust r ates JHN 200.
differential ,anplifier that anplifies the difference between a data signal
and a reference. s FIG 15B is a block diagramillustzating the steering
logic. FIG WO9M8E260circuit diagramillustrating the singl e- erREZEIUSINSA20
receiver with differential anplifiers gated by a power down or receiver
enabl e si gignhlsfin the sameiintg circuitisugle AS 8 BUETIOProcessor PLsysiame pontpeller thathas
FIG 17 is a timng diagismillustrating signal transition tine in an

appl i cat i eghn}@igrRBY ilrﬂersgstéﬁ&hdmhém?ﬁfvﬁuamﬂatﬁﬂmme benefite i0h sitighe
versa. FIG 18 1s a block diagramillustrating a point to point system
FIG 19 s A ving multiple buses, where signals are received

si mul tane%ﬁé&y&%% § a block diagramillustrating a system having

t hree buses for_achieving 1s hi gher bandw gtéh. FIG 21 illuitrat es a
prior-art syst &fingthe spmraancept Steaxmay have Ri-directionsl\complementansavrees . -
- - __ _ DETAILED DESCRI PTI ON OF TL-| E PREFERRED EMBODI MENT 20 The present
i nvent 5 on sychvembes vaitagdiind Itintigg sefetence signalstd tomipsre bi-diredtionpksidgle-ended
comuni cation on nultiplexed buses or point to-point connections between
mul tiple AThE SPsterh MihyHAVY b iFivel OV@insRAtE! fof oHtoIRg B8 sighaPbieWsateQo be

current nethodol ogy” of i1 nterfacing single-ended signals. The signaling
system can he used ta caonnect .ul.ti vice ~ ~UN 7002 S~ |
WD 99/ 48236'1%59&3%& \R}Caﬁ ﬁ‘%%%@‘%‘ﬁ%“t@@%&%@t c'g‘%’t W&?‘T"é P8 or
bl ock transfer of data, addresses and control jnformation. By using

mul tipl e bavedinternpdimpedanse matchingroipmitry sichas pelliup resisforsoragrounded gaie.pr s,

wi de SRAMs and System controllers can be put together to achi eve bandw dErh§
above f ouchghingbfoy atchigrthe Yhirhstatistic ipdpedaicetdfthestrasalissiorelin®dn both endsefiher

or other digital systens can be seri~uver this bus. Persons skilled in the

othe N an be ser |

The mit nolBraat RES: colPpefin be iR e lif CHL) il o chffiollty THRISHRER
ti ' bl ock. di amillustrati t 00_w t.h t

devi ce (¢ Pan Al pEBIRB STRUTIR convert 4 shelfiSndid Mg Math (rocbpmE S Tgpels

lines) 215 to nultiple slave devices (receivers) 210 in_accordance with the
present i iefransmittedsand reeaivadawisl comparabls neiserimmunity of differsntia) hus dox igternal
communi cate, for exanple, twenty (20) signals including single ended

si gnal s S@ath buSbffmemony, pravessof ocotivet widerdaty yustope integryted birouits.) SThemyseege and
timng references SSVIR and / SSVIR, power |ines (not shown) and ground

l i nes (norefé}mg ' ' A RfEOWith | tllgﬂiﬁgltﬁ! I 210.
It will bfé appr )gﬁ%te E‘ﬂ‘gétﬂefﬁelaosﬁ%%l ng uggﬁa}t%kllaﬁﬁl cate a ?gg%]%‘gl%g
The si gnal S.17 can be data,, contnl or addre | t | §i pl exed
or no gnu?ﬁit‘g’%%e%mg? SS%‘V fﬁ?dﬁoﬁﬁn FM%WS’“&R@ $§W§Mal
signals like clock or initialization for other purposes required by the
prot ocol Bhuralify,efsigraly whicharg,fransmitted 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.



As shown in FIG 3A the SSVIR and /SSVITR signals toggle every tine the
valid signals arc driven by the master 205. It wll be appreciated zhayy 00
sl ave 210 may.include 20 nultiple receivers (405, FIG 4), wherein each
recei ver 405 includes two conparators, one for conparing the signal against

SSVTR and t hgo@®blagieof or conparing the signal against /SSV' TR ApdtB869Ms120
signal binary val ue determ nes which conparator is coupled to the output
terninal 420, ¢DGi MO 4 ¥cheihatis dhissratigy SdthergiriorertRABBIUS tasst / SSVTR
Until SSVTR and 10 2 5 JUN ?002 WD 99/48260 PCT/ US99/ CSI ZO / SSVTR have
changed thej ’vcpi nary val ue, the enabl ed conparator in the receiver 405
detects whether change in signal binary val ue occun~ed. For chip-to-chip
conmuni cation gn _a bus aqr point to_point, all sig %"z e transmtted
_preferably at ﬂ@sl@iﬁ#ﬂﬂ%@ﬂmﬂqumw& ﬁﬁ-d@ﬁ“ﬁ’%ﬁ%’@ﬁéﬁ
chip or plurality of m _ 5 chi ps connected on the bus and preferably

have substanti #IGy2A ixa péspectivatiencblockdiagrannillusirating @ systémiwith 4 haster gind| S

are transitioning). Also, for infra-chip comrunication, the signals are

driveng pr g SV a’m‘ﬁnﬁg ol qg{]& ibhe fromthe sane area or
bl ock to gltaﬁéega}é%ggﬁs or o e%@l%%gé&hl&ﬁ t eusarre chip and preferably have

substantially e |oadi.ng, sw ng .and,s te en.the signals..are
transitioni ng) H&I@?s 81'9‘“;‘?16“‘%‘” %&%@cﬁ& , sxﬂg“ﬁ VIR& ssiqq lines,
and nethod for assuring that the signal are driven at substantially the
sane ti newithdmpedance matehingmesistons 8t the gwdsdat a t ransni ssion rates over this
external bus, the bus cycles are initiated when SSVIRis low (i.e., /SSVIR
is high). Al BIEJA isomain difeainTHudttingghd diffetettiaPrefdrenceSHR 5§SVTRamind
ends wiith SSVTIR going |low to ease presetting the 15 receiver 40S for the

| ast bi na i . is allows burst transfers of even nunber
of bits. meﬁég@n%g#%l%hange direction (due to the multiplex
nat ~a~e of sig S),.one or nore dead cycl uired for settling
Gown Hhe bus. GBS 4B is AcpaE e dhsaibe SSVAR dad S5 VI migive o4 AglesV TR

when they are bi-directional. FIG 17, described below, illustrates
bi - di r ect éngledlIsignakyi ng for bus lion around to avoid | ost dead cycles. 20
FIG ZB is a block diagramillustrating the system 200 (FIG 2A) having

transm ssion LFI® id 4high leVel@shethdtit) illusRainp Mgl 6Bhded sighal e€depiedd.S 220
having term nation resistance equal to their characteristic inpedance,

which is prefeﬁ'@l. 5 . ends . The. ERation

vol tage is | abe égy%ﬁo%%?ﬁlﬁ@ugpélgﬁéﬁéﬂ%%m %lﬁ%. %
operating a .2 ~ JUN 2002 WD) 99/48z60 PCT/ US99/ CSI 20 vol tage (for VCC of
2.5V and SRISTYRCTEEAOSS §HanfpisfIAR NG i} R 5GEIVSTi ng is preferably set |ess than
one volt, preferably less than 40% of the supply voltage, and nost

pref etabl y set FIK3. 680smscherhaticadiagrem illustetingra slow rurGing3gy andislowtuming-offgh
voltage (VOH) is 1.8v and output low voltage (VOL) is 1.3v. FIG-3Ais

ai m ng di dfverforidll sigralsit.i ng the conpl ementary reference signals SSVIR and
/| SSVTR'rel ative to signal. sense times. SSVIR initiates at VOL and /SSVTIR

initiates at  piG, 6B is a schematic diagram illustrating drivers having adjustable signal slew rates

and 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 receiverin a

second embodiment.



VOH. In the first cycle, the master 205 drives all the | ow going signalg 2007
including /SSVIR to VOL at the sane tinme and the term nation resistaaces
220 pull up SSVIR to VOH. The single-ended signals that are high are held
at VOH by the ternminating resistances. Proper o sense time, i.e., time to
sense the | oWDO9M&se| of an input signal, is after the transi tRCHUSHMSI200N
of SSVTR and /SSVTR and before the stable tine) i.e,, when the SSVIR or

/ SSVTR r eaches HGe7Qyis a schematic diagiawyrillustratipg 2 FiGe4 siogitended siggglmgeiver in a
preferably have equal rise and fall tines, wherein each rise and fall tine
I S appr oxithid embodigleht. Of a cycle tine of either reference. FIG 3B is a
timng diagramillustrating SSVIR and /SSVIR relative to a single is ended

signal. The SI W tr9 SE)% 0

and then transiti o%@qg\nggﬁﬁ 0 gﬁ%ﬁt ag#e$§#§‘§édrfgl -enaéeegi‘ée?gﬁgl
“then remains at a | ow voltage, thereby becom ng equal to SSVIR, and then
transiti ofeumh embastiment.t o a hi gh vol tage. The singl e-ended signal then
remai ns at a high voltage, thereby becom ng equal to /SSVIR 20 FIG 4 is a
hi gh | evel schdiiGt 84 is #seheimaticidigpramdlluspating nifenit detgilsof the SSY TR @ /SEWTRg a
receiver 405 for each signal line 215. Each signal receiver 405 has two

conpar atorcg 1Qtor@rEIGATPar at or 410a for conparing an incom ng singl e-ended
si gnal SNxm% é ?12 and the other conparator 41 Qb for conparing SN to

"o nl S0r osi 2o PRI PRt § BerIngr issmrn dfpants pnchirisids S W AIR oMV,

output termnal 420. It wll be appreciated that the output signal (SN) to
the out pucomppmtor@f FI3hi s preferably a full rail signal (OV to 2.5V). As
stated above, SSVIR is initially set to VOL and /SSVTR and SNx are )
initially set FIG.9 is'a schematétiagfah iltustrating retéiyers atitht individudlly adjuistatde gh -
out put voltage. Accordingly, the conparator 41 QCa anplifies high voltage

SNx m,pus 4k S Buril ﬁraﬁﬁiﬁsﬁ viding a high output signal. The
conpar at or %Yéoﬁ’ aﬁ?i es h| g vol t age %Nx m nus hi gh vol tage / SSVTR,

providing a no lified.u nown outpu tch 415 selection is
control | ed by ﬁ‘& ﬂgﬁk’fm @ %é@ﬂ%&%we%%am cularly, XOR
gate 425a conpares a full rail to SSVTR anplified signal &VTR agai nst

out put signal EkG- Hnis aqerspectivssvigwasifthand-waredaxqut pbthedd: ¢syFtEmg swi t ch
415a. XOR gate 425b conpares full rail /SSVTR (/VTR agai nst out put signal
SN, and gener aF#G. A i3H blotk diagram ilfustratingd peiht-torppiatsyistem ilddeordance with
initial state, only SSVIR and accordingly VT are |ow, thereby causing XOR
425a to dg; ﬁ veMlidh 415a closed. Accordingly, the conparator 410a out put
(high) reaches output term nal 420. XOR 1s 425 drives sw tch 415b open,

4100, Thotei ver PG04S bR st TpbEEAEE £kt 4 Pl Epoinh BERcsRERF . S5

t he singl e-ended si gnal SNx tranS| tions to a ] ow vol tage. As al ways, SSVTR
and / SSvVTheYipg impedanee-Bpisbing grourdegd gate;prehanael d mmxfg@ intg
SSVIR and /SSVIR achi eve a predetermni ned difference (preferabl y 20 250nV) \,)

t her ebet ween, VIGAIBA is\ifpdrspeotive view. biGtindiagrahyillustratinganumidirésfidhil sigmhliniix

transition to a predeterm ned difference (preferably 250nV) therebetvveen,
the out pukysedm and a bi-directional signaling system on a single integrated circuit.

1-r

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.



conparator 410a also transitions (to a [ow output voltage). It will be
appreciated that the path iiomexternal signal SNx to the generati %QQNW
out put signal..SN and the path~for full rail signal 13 2 5 JUN 2U02 rr
9948760 PGI/ C1S99/ @Sl ZO VT and / VT generation path each include one

canpar at or 4k009/48280 and two inverters 430 or 440. Thus, each p&Fluddirosied |
receive new i nput signals based on the speed of the conparison by the

conpar at ors 410 FiGd14B flustrates bomplonsenitdrg refareness which haye thesamevoftage switighg
di agram of FIG 3B, SSVIR and /SSVTR wi || achieve a prodetermined

di fference . sane time that S~' TR and SNx achi eve the sane
predeterm ned difference. Accordingly, the XOR 425a will continue to
receive differential_jnputs, eb in ni th tch.41 Sa
_closed and enab iégii‘hi“) G%ﬂ‘é@?@%ﬂ@g E‘Q {Eeﬁt&ll ‘f"obﬁﬂ'ggn?o
output termnal 42Q Receiver 405 is still stable. Still follow ng the

exanpl e of dathGignaBand: awrefaremgl e- ended signs: SNx does not to transition. As
al ways, SSVIR and /SSVIR transition relative to one another. Accordingly,

currentyy enabl gGCcEP #2610 Bk dib@rmt ARistrtifbthe Ytedfihy fogic.| OW out put vol tage.
Wien SSVIR and / SSVIR achi eve a predeterm ned dif erge?\ce relative to one

anot her, but be R.I t. 0/l. voi di ng
The possi bi |1ty Fr L skl Afpdiln lFesRHE i shARARE bt rholfVe i o
425a switches of f and_the XOR 425b switches on, It wll_ be is apprecjated
that, frondiffeeentieh#mplificrygatsd 9y payvaridown QraRssiveacaible siggalfor remmeioff the | ow
out put vol tage. Receiver 405 is still stable. . ) Each receiver 405 can

easi |y det pewersadthewpeivérywhearpotdnakd. si gnals on the order of 100-250mV. If
the trapsition has occurred in the single-ended signal t he out put

signal SN has t gm?ﬁh ~dggpﬁgﬂgm~‘o nce
both SSVTR (or ?SSVTR) 20 aﬁ |ngI e endeg Sl gnal s hg\sl%g?rﬁiaarém |onte§l t he
same corrparato is.still 0 the SI output termnal. If the
si ngl elendEqUEng #15§§“§m ﬁ'8$’ F% ?lreﬂ Y‘?fé?‘i the signal output SN
does not change the co arat.or 410 coupled at the start of the transition
is de coupl ed fmlﬁmagiq agramdHustrating 9\ paint1a PoiNt SYSPFE®y ecei ver has
anplifiod their new 14 2 5 JUN 2002 wo i60 rcrims~rostio binary state (VT
& /~, and the oFIrl9shopaaaystemdiaving mahipiabuses) wissre sighslSafefte¢evedSSVIR) i S
coupled to provide the signal output. The old output level is thereby
restored. dify 535"9? appreci ated that a receiver 405 may be inpl enented

wi t hout u5| ng X This rray be irrpl enented by using the known polarity of
SSVTR and / SSVT. the nd all, si,ngl e-end nals starting
mgh The SvTA gV bIiRk disera s ayp e SR st fEArSigig | (|
in every cycI e ma be determ ned by eacam ning the system cl ock |n a
synchrb"no defining cycle start in even clock cycles (i.e

SSVIR i s | ow [ n
FIG. 21 illustrates a prior-art system for DRDRAM, which uses a clock line having

two segments.

ESCRIPTION OF PRE D oD
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



t he even clock cycle and /SSVTR is high). Then, only the output signal "SN
I's nonitored to couple and de-couple the conparators 410 based upoPg}Cﬁmtzmr
out put signal SN changes state every cycle or not If output signal

changes state, the coupled conparator is left alone. If the output signal
SN does not WMB26& he coupl ed conparator is de-coupled and t RETAISIP5120
conparator is coupled and so on. It wl| be L rgher ppreci ated that a

syst em enbwHhamaultiplexed bus o anempamoatrolier fog Eﬁ I B es g | ow

| npedance sources, enables all signals to present voltage and 15 noi se
condi t i onscontrohirdbimyatibinf By wsiig multiple buses,alevives sudhyas DRAMs) altisspoimt dwitches)
of voltage swi ng conpared to other single-ended signaling technol ogies |ike

RAVBUS, _HStobor€ride BIEARRTak S3YeACbofitroflers ah BELBIRAEAE fohchibve baKEWRtRS Y

th
enbodi ment af'%ows for very hi gf?§3| gna? rates wth nuCh | ower power

consunption as_.conpare o o},her exi,std.ng.single-cadod signalin . .

t echnol ogi ¥9Ve {E&a{b,ygqs{segh fruajfy MF‘@‘%‘E’?@%”W&& o eqr\pgperlfggna]
anplifies the 20 single-ended signals SNx during the transition of the

si gnal $ wiSystents cah de semwver this busn Persons skilled insthg agrwillk ieeognize-thatalk devices
except SSVTR, /SSVIR and their anplified versions VI and /VT. 1s 2 5 JUN
200? wo ~1ifie CPUSEIthe ehinpulet ystdi nsedith neuBidivlogits Andsbustrubtires dfthizaysienl)

of conmmuni cating signals froma master 205 across a transm ssion |ine 215

et ing SVTR (A BAgempo AP otk o AERtPng et SERi L mass,

and in step 510 sett.in | singl e-ended receiver outputs (Sly to a ful

"1 hi gh deriee traasne) 205 courleiygn § DaS iU (rasEiipon ben 21508 muliplen
conpares SSVIR agai nst each singl e-ended signal SNx, to the output term nah
420 of t helavedevices (r@vers)2i Orin accordancd G&th the presentinveritions Ad illustraged,/the on™ -
the transm ssion |ines settle down. Steps 505-517 are referred to as system
i Ni ti alol Z3hastdt 205he coffigubéd B Laniniuniddts) forékat ,'Mﬂ@gﬂﬁ sighlé HRFuddRY/ diggRod
/ SSVTR to their to opposite states and al | siﬂrllgl e- ende s%?%als SNX tl§g

their desig . The,recei ver j ..
singl e-en gggds%l%% ggﬁ&gg‘é’aﬁ@tngﬁgmﬁ %%@E &g%r%gr%gs
410. The recgeiver_4 i n step 540 determ nes_whet hey the, singl e-ended .
signal tr aﬁém%%‘?’?&mééssﬁ@nmw lnes @%éhommiﬂe%ﬁaﬁnsai%@)me
result to the output term nal 420, and keeps the same conparator 410

coupl ed t ardlls] viertransmissiddines 215t gach slave 2h@  Itovilli besappresiat@bthiat“/Atis beibg 0
decoupl es the previous conparator 410, couples the other conparator 410 to

the out putust@foinAithte’h’lBgicANNOTE e sighlsBUTB19¢hi be datadEstird] OF ¥ddrEsiRs either

transmtter 405 in step = ~) 555 determ nes whether the signal burst

cont! e iR WS ARHIREFAR A b, T SRS MRS ATHRL,
LR DR ST R NS

NMOS pul | down device 605 coupled to a transm ssion |ine 610 for accurately.
tail oring sy$temout put swing to 500mv below VTIT. The NMOS pult down device
605 i ncludes a pull down NMOS transistor Tl having its source coupled to

t he transnni ssiAyshb®m 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 ;omparators, one for
comparing the signal against SSVIR 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



2 5 JUN 200? WD 99/d8260 PCT/US99/CsSI 20 Iine 610, its drain coupled to
ground, and its gate coupled to skew control circuitry 620. The ske

control circui.try 620 includes a CMOS inverter, conprising two tranzvﬁsWBrZQﬂZ
T2 and T3, coupled between two resistors, R and R2. The input to the CMOS

inverter is opoPbRgedO a signal control device 625. For exanpl ecrfisesnsize
generate SSVIR or /SSVTR, the signal control s device 625 may f)e an

osci | | at or /S§VTRiHabe Elnged iR Bihas value] the @Ralle® bothpahtop i thede¥divarasDsttects

adjusted using a register (not shown) and a serial pin (not shown) during
initializaty . nne I e swing for any process or device
vari ati ons%%&%g%%ggnﬁmgﬂ&g e ack techniques to control is
shown in Hares Schumachep, et al., "CMOS Subnangsecond True- ECL out put
_buffer," J.Sol i &onshipgo-chipcommunicgtion on bus or nointto point.all signals arpgmansmiged o
al so be used. Maintaining the current at 20ma and havi ng parall el

t er mi nat i opeeferblyat substantallypthiclsame disneofromithe samecliip 36 anothér okdp 6t Plufality of
controlled by R and R2) generates a SOOw sw ng wader all conditions. To
have slow ghipecdtiifdctedbh tid bR SnE brif b suBéhtlatty thi bdthe Poalifilp, ShidgO

si gnal coupl png and terrtnﬁnati ogrbn(af?‘\%o K svm'ts%xc .r%’ﬂﬁ’g}‘éslﬁig’ t he glkew ontr ol
circuitry 665 controls the pull down transjstor Tl tqg.tumon and turn .

of f sl ow ySIcwFte {whenthe siials are ransthionine), <ALfo.das inprar Ghi) FOTIRIEALI P 1R Signals
of 0.8as for SOOw. For a uniformy transitioning ranp-like signal, the
pref erred aedivenprefaablyatstistantialiy thersame tisme from the sam¢ areaor block to othet areass
and an exclusive-0OR delay in a given technology. In 0.25p CMOS technol ogy
with an operathértdockslin thgaani chipddd ﬁrbﬁrdbl&/ﬂ%@ixbdﬁhﬁa&lgi the 58mp lcadigs; @Wslsg and

t he exchusive-OR delay is approximtely 120 pi eoseconds. Thus, the 20

pref en-ed glat B (wienE LRkhl inf)C Iy
transmtted above t&e rng?g& mﬁtﬁﬁgﬂgi grfgf'q?%\glvzrﬁg?%%s p#’glpgr’abl y

| ess than .110% 0of th~c signal rate. The preferred slew n3te for exponenti al
o onal &1 HuRFRiE R systac aid fefbod it S e Bie el smrtyenat SubisiapsaLty dpe Aane
earlier than'/. of the transition tinme. The differential signals preferably

cross hal famey 1~ 2 5 JUN 2002 WD 99/ 48760 PCT/ US99/ 05120 t hrough the
voltage transition. At around' /. of the way through the voltage transition,

the signal s havFo facilitité exwesraely highoduia tramdmiissionVités o ver thib) exteiay Bis, 3he By Ckl y
to a large swing signal. To avoid noise anplification and to prevent signal

coupl i N9 t&clel re ifififatedSih ] : 8COSBNTR NS | itﬁg ﬁi .- ended
si gnal s, t‘ﬁ’g transition tclgtr% et m%%@%%?%nd tﬁg%z'a@y%%a va ﬁg

is ~iief J i gh h . f i I h | usi
R del ay. epngitpt S5 wheir ey BR st s e il S5V TR sobni e oeest sietiouitbe '
takes anplified noise to reach the output of the conparator 410 whose

out putlsi s Teeriysr 485 for thmlasthingnytvalusrofithe:signal oThisialiows durst rensfezsof ievemgumber
non-transitioning signal, the switches 415 switch state before the

conpar at orofbits.fWhercthesipnalstiead to dangél divectioni(dae bk nhiltiplek aaturd BEsi ut - of
the cimeatly 1 o coupl ed conparator 410 approaches an undetcnm ned (noise

anpl i fi ed), ' A}E@m% s - .
undeterm nggbgmgaggﬁe?gki e?gﬁ t&\ﬂ\}m’hgllaog)éﬁpﬁ’rﬁ @%}5&@%%? %8°‘E’P4%t‘
devi ce m smat.ches acy Jrd t ql erances . and signal flegtion wll
ef f ect thé’rgf)tuﬁdzf i ?’P‘{)I$§%d&°n °3fﬂ'8b6'g‘ﬁﬁ?‘g’?grf'ﬁd7r ?EHQS‘WM@W,
undeterm ned state. As the

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

D

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



technol ogy i nproves, gate delays, faster slew rates and faster signal rates
w Il be achievable, 15 FIG 6B is a schematic diagramillusdrating ﬁaﬁFN%UZ
205 having adj ustabl e signal slew rates and skew between signals, F

anot her exenpl ary enbodi nent refen;~ed to as traasmitter 650. Transmitter
650 i ncl udeswenonddss pul | down devi ce 655 coupled to the transrCHEs®st2Ne
610 for accurately tailoring the output swing to SOOnw bel ow VIT. The NMOS
pul | downvoltage¢for BECC iofi2] 5Mad Y SBwfl0VJoThe himidal valtegeswing isqaeferablysstiess i n
paral lel, each 20 having its source coupled to the transm ssion |line 610,

its drain %HE@QlLtﬁ}FMWfEss%ﬂdogﬁfﬂﬁie%gggyg)o 4. 3nd KRt SRR sef &CUi try

665. The skew control circuitry 66 nclu I nverter, cofnprising
two transiistors,. T2 and TS, coupled tween t ets 67 . 675 of

bar al | of - S0 ThreRS a8 showt iy, 5, Biemis e oltars CuORL i</ B B gy .
the signal control 18 2 ~ JUN 2~~2 WO 99/48260 PCT/US99/ 05110 devi ce 625.
The resi stow valtage (¥QL)anti3875 tune the rise and fall times. It will be
appreciated that the rise and fall times are preferably as symetric as
possi b e t o hapRG.BAIR ki disgamcilluefratilgl the complementily feferenodsighal® SSVTR
signals by the differential receivers to occur sinultaneously. Achieving
symmetry alf/sIYTR %o Je%@?ﬂl@g 8 linfiilhddGe SOL, BAa ASVER Biltigis b9
the  Testing phase by OW ng Tuses (not shown) or during
initialization on hoard by settin regi r . (not,shqwn). It wl

appr eci at ¥@H- nlathe HEst gy ¢la.dhe magtes 39? éﬁ"'&? %@ed‘é‘y SOINETIERAR W{W‘}QS%FP
the signal rate. In sone heavily | oaded buses, the swing can be increased
to take cWOL asthe samectime sndthelterssinations tasistanpess220rpulhgp todvOHhFhe
receiver 210 to sense easily. It will be 1 o further appreciated that )

vari ous siifjeleBi@PsigilPMacite ihi‘%h Aredietd at VOH! by e téfifinativg!rasiStaniis) Peopes ©

poss:blg based on téchnol ogy, Toading, and receiver acquisition and
oo piksi b AL e feBA 15 18P 1T B 1 el i, AR bR oSG Rinch RS, |

final value, while bursting. Al so_during.testing th Met
Si ngl e- orRfSS TR ped SSVIR ext/betons thersablertioneel Ve B S5 T ORASY TR Feachetun
is size and resistors in the gate prior to it, using well known techniques

| i ke | asesteddystatdatdilithgr atrVEctTher8S VIR and JSSYER prefémbly haveequakriseraadSaljnal
wavef orm shape as shown in FIG 10. As shown in FIG 10, all single-ended

si gnal s Shines ihetein BRhGRE 288 $ANme'is hgﬁ:@ﬂ:mﬂyma cyoRaEMObf dittRer RRERcaNd
/ SSVTR transition. This skew may be adjusted after testing to be in this

range. 20 Fl GSqa/ AntR, L4 l.ust.r [ S'ﬁﬁt’lf . | gnal
receiver 405%[%?&193.%@%%@%é:8§te a}t the lééci)érnp‘ge?tg[&c?r 10 of
recei ver 405 nege operate, during every cycle, ui ring spall
acquikﬁti%%ﬁ@ﬂeé&&ﬂ%%ﬂ%ﬁmgq 19 /RSt ﬁ‘%"ﬂﬁgé’ﬁ%‘hfﬁéﬁeﬁg no
current back into signal |ines. The conmon differential anplifier satisfies
al | t hesetrargitions with-/88VIBd» a lowWol@ge.41Thé Single-ended signal then remains at a low )

voltage, thereby becoming equal to SSVTR, and then transitions with SSVTIR to a high
voltage. The single-ended signal then remains at a high voltage, thereby becoming equal to
/SSVTR.

20 FIG. 4 is a high level schematic illustrating a single-ended signal sl-ave 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 compar;tor 410b for comparing SNx to /SSVIR. Both of the comparators 410 have

12



PGIT1US99/ 05120 requirenments. Referring to FIG 7A, the receiver 210 uses
dyal differential anplifiers 702, one differential anplifier 702a foéjb' JUN 2002
conparing the,signal SNx to SSVIR and the other differential anplifier 702b
for conparing the signal SNx to /SSVTR For conpl eteness, a brief review of
differenti al wygddghdocrs 702 is provided. The differential anpl ipraisedfedizos

al ways enabl ed. >~'ased on channel sizes, when the SSVIR vol tage is higher

than the W rhifAls sSRsPvedp EGUEd Vid switthesnt 136 @b Dutpie tdriial 142023t #ilDbe
T10, thereby pulling the output voltage at node 707 high (close to VCC or

2.5V). Wen the vol t age. | V)t - nt is
drawn acr ¢¥% roé‘#sqqg%ﬁ #ﬁl% &{lra]dérté"gsc r?%l ‘%‘,’ l?ggeffggfygﬁ%

vol tage at node 707 |low (close to VSS or OV). The differential anplifier
_converts isgml @V tasAaM. swing) input to a large swing (OV to 2.5V) output.
The outputs of the differential anplifiers are anplified and inverted by an
inverter 704, passtatedrabogd) SSVIR isiaitially setito VOEand /SSSTRmdS8Nx aredritially set
t oget her at node 708. The transm ssion gates 706 are sel ectively operated

depending e erfRl: L& ;""?‘?S ' ' I ; | Yl 3 d
W th ar? arrtgﬁc?l e Ns?g?egg?sgﬁz‘%r %%fb%}%%%%r [ 5£h?ec?gi ctively.
The excl usj,ye-0R i.s desi gned be stable.wt ljtches for. smgl.l. tim ng
vari at i ons‘hbéﬁ’agg'ﬁ“s%,gi\)’%?% W%%@m degﬂﬁggr%‘gs‘b%ﬁ 95"1"5)'65%@’?/8\’?.‘“ .
.) Various enbodinents are shown. FIG 7?A illustrates an al ways enabl ed

di f f er ent isignahnPhe ¢dmparatar # H0amplifidsdigh veltage SNominus high yeltege /SSVAR,i vel y
enabl ed for small device count and hi gher speed as alternative enbodi nent

700. FIG p?&/iﬂinglasddiﬁ-ﬁgplmﬁ irkeb@h outiut sigahl. fSveitch’4] Ssuledtion i$ contfolied byon

gates being enabl ed or disabled sinultaneously as alternative enbodi nent

g ame oxcl (R RV E’?"?ﬁf@?g' i @#@S‘Bﬁ‘ﬁ?ﬁfﬁﬁ?@%ﬂ?ﬂ
L1 ans s Sy 1 amaitied Sinatiy S agtiodcols epel SN SdeemiRy s ersiohaemal 98260

PCTNS99/ 05170 settled as alternative enbodinment 740. FIG 7D illustrates a
P- channel cdifréliing switch 43581 XORegate 42 3brompaves: full raih 38 YRRV T hagainist outputver
power applications as alternative enbodi nent 760. Al differential
anplifier sphaPSNCaid gederbitdsddontof §ignd) Furedontrollingt switch/4iSb. tTh thik eitihlvetste O
when the device 1s not selected or the device is in deep power-down node.

The differ ' accdtiiety V94 Bierét] t [ . ?@% T11
of f. By usl gsa . 2V term%){'gﬁ an%o"r’ecel \er )g%RS%\?thalaﬁ{'fz h?%?fat he
power cons i on can be further reduced by _anpther, 33% That .i s, .t.h

vol t age sﬁrqgg&mﬁmrg@g&’ 8hf; comangrater ‘g'LbF\S’“‘p# K@&ﬁ%ﬁaﬁ%&’l@%ﬁ‘ﬂé 4%50 %OR
ground bounce and | ower power consunption for portable systens. The

oper atlsng 42 Mmﬁwgmbmcmihﬁ enty of theynwrnted output signal from

t he buses, which is common with portable devices for smaller formfactor.

The tr ansgoinpafato?@10b.aResdiver 4096s eableMOS pul | down Tl or parallel
connect’ion of NMOS pull downs 660. Receiver operation is simlar except the

differential a Grhg iR trafed | rag . Veid Walel :
gat e capaci tan(@hgn _%ﬁg@%i ng !%tdo%?ag' #’L@gﬁﬁ§$ﬁ‘% stl%ﬂrmcprrpar abt{ogg
per for mange, By, SBRL RSk, SRR H5/s8V Suldifon SR WobeiiciEns' 7€ ©

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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Is the P-channel. O her configurations of differential anplifiers, which
convert small swing differential signals to.large swing differe~i a 5siUjiddls
quickly, may alternatively be used instead of the differential anplifiers
shown. One skilled in the art will recognize that another ~ enbodi nent can
use tv: o diwboewasieoVTTs, one for signals equal to 1.8v wth SEEmussssido
and anot her for oscillaaing reference signals equal to 1.7V with 300nv

swi ng. Al VBagh&/'Egéterationyath eavh inélutié ens compdratoe 4 101 dr 435vandstwu inarerteisai80
rates. The sanme transmitter and receiver pair can nanage the multiple VIT

t I 6. TRhEs, Rl R 4 qu@h Bg,gﬁp tial
Z?r;l ?][nl ertolrﬁmt)'he recel vgr 4 I'S conl?lgglﬁre SO a!t t eéxlrggga\j.&aéﬁo e(r)\u![ gut
| t i s bel | £ VCC wh J 2002 99/ 482
PC T/ USoo PemPaISnGDHbe fempREIars 419 Aad 431 S ampis. &5 EHAG 1 BASXBRIE and

SSVTR or /SSVTR of the enabled differential anplifier) are close to VIH and
above hal timiggdisgmm pHFIG.(3B SSVETR andy/SHV TR vil gokieys 2 predetermingd differenpe st DC
bi asing allows for adequate margin and preservation of output signal SN

when the gdahR tifiditat SSUTR and\SN£ astieviothe girae predetepthined différeaceSSVTR or
/SSV'1'R of the enabled differential anplifier is closing the differential

si gnal bef bt 1] | ' ; L0d- 1 he
i gnal 1 Anepidiat. e ROT A1 e 10 ook GE et fbndd oty Py, fiiroifdy”
set-up and hold-tinme fioma specified ti after the signal |evel_ reaches
VI H 1 VI L, theysamemspitch.4) pa glosedsand enahling thedew uipie yoliagq of femparsipr 4 1la tonasy
there is ~0o no VREF (reference voltage) for conparison wth the signal

vol t age. ®yowputrtemmanal POk Receiver 405 isestilstable: f or set-up and hol d and the
timng needed to enable voltage nmargins for sensing around VItEF, the )

operating fitrgHRFsNowh WW@B&‘FIG.%,QH&QH%%&J SigRL: SNW\86es not .
consunption. Further, all recei'vers 405 are self tinmed, w thout the need of

a gl obal a | I V& 4. | WS Lad] Vi for
o1 {m f0t 1 GREEYon, St WaD8, SSVIR B6E ISV TR thtslif MlaG0d ithEdablel 'hEkhuinn)
8B are schematic diagrans illustrating circuit details conparators_ 435 of
FIG 4. cewrentlyepablad semparatori4l0a continugs todrver# loxy outpw Yoltage. Bhen S§VERga)
or 852 (FTG 8B) simlar to the differential anplifier 702 of FIGs. 7A and
mul ti pl e and/SSVERsadhieve(dprédleténfyined diffedencE rélati¥ilp one anether; but béford SSVTRAI |
out put signals of the conparators 802 and 852 (VTl, 20 VT2, VT3, /VTIl,
IVT2" & | VieRdheditke ﬁaﬁfé‘ﬁm\%&ﬁgsﬁﬂ (Bleke pﬁli.?h@ﬁ@ﬂ&ﬂht}‘&ﬁﬁﬂﬁeﬁémmstﬁ%%f
I, 3 is de

(FIG 4). Selection of VT2 or term ned based on testing for
si gnal sp : i | f0.1 f Lver. u | gnal

SN gener a .%Rﬁg’g?‘ﬁgﬂﬁ’ﬁé@@?ﬁ&%ﬁ#%%&ﬁﬁ@gf%ﬁ%@gt&%'EE 9is
a schematic di,agtamilJlustrating receivers 405 with indjvidually adjustable
e oy B8 T CAREEY A, HhBt 30 i o (ST R G ER osHoesRIRESieb AR oA HHvE SIPWg ¢ o
| arge swi ng by conparators 410. To tune the operating frequency or voltage
swi ng f oroutput voltage. Receiver 405 is still stable.

Each receiver 405 can easily detect and amplify very small signals on the order of
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 sull 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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performance, each receiver 405 has a register 905 for storing data to

enabl e delivery of one of the three VT1 & /VT1, VT'2 & /VT~1 or \IT8J8N 2002
/VT3 to the XOR 425 (FIG 4). FIG 11 is a perspective view of a hard-wire

| ayout of a conbined master 1100 for bi directional signal conmunication.
The master Iljfhoiaasdgudes receivers 405 and return transm tter spétRivosHsiRb cd
together. More particularly, each single-ended signal received such as

si gnal SO Bifiary @tad OT 80/VT) Bid hefthé doghpafter 410y wiitk hasiopposite ISSETRqor SO
and to a 1 o corresponding transmtter 1105 such as transznitter TO.

Pr ef er abl y Sin n nal

singl e pa| &W&lgﬂ%ﬂ@%ﬁﬁﬂ @?‘S‘%%g&@%%l@ Hg%?’éongis % i the
art will recognize that, for gi ven operating. fj~equenc SYTR and /SSVTR
| oadi ng and si ghwill MWWMMIMeMM%MﬂF@ﬁ%é ut usipg KPR

grouped together. As shown in FIG 11, the layout is inplenented so that
the 15 cappiis inapdeimp tmmmmgwmmmysfssmma/SWMmu
si ngl e-ended signals SNx are bal anced. Al so, since SSYTR and /SSVIR go to
all of ot heyRGRE 4 ggndctd'}%&ﬁivery 0 THe BV B/ ISV HROURRLIGR i vy D

m ni m zed. "By usi ng eV| ces power di ssipation and close

physi cal pac t Ca.n be made as rt as ssible. i ch

D1 ows. 1 ore3Eltort B s ReRritin cvRRLoY R oAy bR dasrrainpd By arearmiing e pysiom Gio¢R

2B, the resistor- term nat ed control | ed-inpedance transmni SSI on |lines can

oper at e atingisynciironaus system apd defining ayelesyart iy everiglock eaelgs (i SIYER iplow ire

transm ssion lines are strongly affected by the | oading caused by

i nt egr at edhgbvenldck dyclean@8HBTRON rm%j. Thter, balylths outplaesignal l‘l‘SbUhﬁhﬁﬁltored to
e

circuitys add | unped capacitance to t | i nes, which both Iomers 23

glgyr gggtzas H@?t rkglﬁg%ogé%é# spe‘hg %gtht he;ci %eﬂ gnw (rjonh Ee Eusg
25
vl ey staerevsst pRls Or it 16 qith Sigoal S chiigst St n.“x?tgpﬁﬂ 9RE%H 858

devices at the sane ti rre So for buses |ess than about |2cm one dead cycle
(e.qg., 2ngjones Ifthe output sigualtIN doesmotishangepthezoupled compgratasiis de-goupled erd theo
anot her driver. For |onger buses, nore than one cycle nay be needed for the
si gnal s t @tiseeichin W@Qﬂ,transm tter can drive the signal.

Unl i ke RAMBUS, the Iength of the bus does reduce operating frequency in

burst node fro Eﬂﬁh@(f

di agram il | ust rma%éa pol ‘gatﬁgt@ %%%%@ﬁ%ﬂﬁg\%ﬁﬂ l|5nc udes a
-directiopon ster 12Q5 ed V|atrans 0 s, 1215 to .a
-direct ﬂﬁﬁ@s ”Bﬁﬁ%“%% i‘ﬁ?—f‘ﬁt‘ F‘?ﬁ?i%“ﬂ o messat Yolfage and

SI gnal SNx lines 1220, |ower signal SNx Ilnes 1225 and SSVT~t and / SSVTR

i nes 1323moisasonditions vistually differantial omwisesimmynity; ged enablesaedyetionefvoltageyr am

illustrating point-to-point system 1200 i ncorporating term nating

resi st anc ewingcbmparédtorvthdr sirglé-egied sigatiag thhelopies fike RAMBYS, HSTL 6hGIL15

elimnates the need for space to connect external resistances and reduces

cost. It s@tﬁ% B bPins 5115% mgg%]laﬂ be.
i npl emrent e SI ng irter n§ SI St %PEEP%E grlf)un gate -C %
devi ces: - Term nati.ng ends with the alg) ropr ract rlst

. -ended
 pedance® @ﬂf}wmmﬁt@mwmma? B Eifapdedie abeSastine ngle
infra-chip blocks are physically proximte, i rrpedance rratchl ng resistaaces
ar e unnec signaling teghnologies. Further, 1twﬂlbeapprec1atedthateachrecewer405 amplifies the

D

ﬁ.

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.

—
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20 pull-up devices are su~cient. Simlarly, when inter-chip connections are
physi cal |y proximate, inpedance matchi ng resi stances can be repl acedl5 wiIN 3007
smal | pul | -up, devices to reduce cost and power and to maintain the sane
slewrate. 24 2 5 JUN 2002 WD 99/48260 PGINS99/(0S1Z0 It will be

appreci at ed waee9/48280t i pl e buses are required for devices Li ke BCDRSH)/0$IDR
SDRAM or DDR SRAMs, where signals are transnmtted and received

si nul t aneous| y .FIG &is 4 fewchartillustrating-a methodi 560, of commnunicating signals from= i ng a
conbi ned unidirectional and bi directional system 1300 for SLDRAM on a

si ngl e i NtRAFDOY ablosE4 trhnsnsi¥sib® ihé 39910 DrecEidesd0s. MethodSD0eginsQPith thed. . 2
menory controller) coupled via transm ssion lines 1315 to slaves 1310

(e.g., SLDR T ter ' Lt [ W’ vi a
_address arﬂfs%w?p?('ﬂ Q?P ﬁ@isﬁ%ggm@%&t@@%@%@%%@%ﬁg Si g%qss
across data_|lines 1330 and 1335, transmts on SSVIR and /SSVIR |ines 1340 a
first set SO ssYOH.and in sispHi0 setting el single-ended recsiyer Rutprs(SNIo o)l i,
exam ning the address and control signals, and transmits a second set of
SSVTR and highS\ITHe reedieerdf5 46 step 525 coipléthe zomparatdy W03, whichitenparsssSSVBRO.
The address and control portion of the system 1300 nmanage uni directional

signals n . m@n%a i t 1300
is bi-di rggéllﬁ%negﬁﬁg@éfngﬁdﬁ et %g?’&?%gmcoon rol si g%gpfg%ﬁc#e gd%EA or a
VWRI TE operation,.For _an .the 40-bit comand. and address J.S S Ih a
packet _of MG POb 1 LS Lot iR o5 i Fon R TRs Smn See Ry PRt Sl o

as the systemdifferential clock, operates at SOOvhz A Phase-Locked Loop
(not showale referngd dol as systese initializatiomck fi ~equency and timing for various
i nternal purposes and driving the data output with SSVTRI and /SSVTRI on (‘)
bot h edges f or TheagHister 205 én siép 520kimulitahedusly driveb SEVIR aed/(SSETR o ligeier e -

termnated on both ends of the bus with their characteristic inpedance. The

term pati g@&ﬂe %&tésgﬁd i ygemr%%a@ag ggﬁﬁégteagee@ﬁﬁép&eim 405 in

resi stanc Intern ances gat e P-channe

devi ces, sin this megor ontral Ler. s usuall nd is fixed.
S meo & he SR AER POIPartE e stneleended sionl SR e S5 TR RISV IR mnpectivers
is variable, conponents 1310 are preferably term nated by external

resi st or scemparaiorehtl. oFherrecaiver 403 ig step/§40 dotzrmnes whetes therminplesoded signal
tzansm ssion lines. The-18 bit bi-directional data bus 1330 and 1335

oper at es ghnsitiéhedaIfsol, tifef thé fereiver 405CinSyept 395 pakses khé fesult Yo thercuiput aérntifaland
sends data in eight 18-bit words in four clock cycles (bas) or 2.

25
0, 0D 2456 Snl 4 84 et 5614 M il e S iy Wl
T 06 e G PSR, e B S St i

bandwi dth is required, a system 1350 can use four buses as shown in
the outputtermmal 420, and keeps the same output signal (SN). The transmitter 405 in step
¢

)

—

555 determines whether the signal burst continues. If so, then method 500 returns to step
520. Otherwise, method 500 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 u'ansm1ttcr 600. The
transmitter 600 includes an NMOS pull down device 605 coupled to a transmission line 610
for accurately tailoring the output swing to 500mv below VIT. The NMOS pull down device

605 includes a pull down NMOS transistor T1 having its source coupled to the transmission

16



FIG 14B. Two separate channels of SLDRAMs 1310 are used with a singl

menory i |j controller 1305. This configuration allows 4.5 gi gabytes/ sﬁfb JUN 2007
peak data bandw dth. Although the system 1350 does not require synchronous
clocks for the transmtter 1305 or receiver 1310, the system 1350 can use

synchronous glodkg2e0 transmt data at a particular time and f,r@ggm%r
ease of testing and useful ness with e~asting protocols of synchronous VS

and SR. AHlje 610, ifPdraifciBRd 8 2tdtnt CanldSis ghife Eduplél 1 sKeW doRtroPEirditrt 630.0%h
clock or an int elr nal ring osc?fl aP’or to %Hr@%msrrit data at high frgguency ©

wi t hout a high speed clock f.or, v~ 5 [ oni lon.to r NOoi Se,an
ayst em porir SpRtileeling €20 iBeinden’s QLR R BHEL boBRribRe 1¥6 HSRHRR T2304 15,
build on the teachings of this invention to achieve various size,
_synchr onosoupled besyieen ruo msistors, RhansdR2wAbe inpi ta the:CMOSrinyerterds eegnled to a
further explaining the input and output circuitry 210 of FIG 4 are
provi ded Riinaléon&el dévicd 625 tFareRafiple, fogientrte SSVIRVOr78SVIRY ki gipial icyntrol

references. As shown in the FIG 14A, prior art systens use a fixed voltage

vel “TorBYEREET HA73E lThiflsh. BOUIDE spbc(ntl e sindadCull i 5

usual |y hag. soge DC offset fromthe variatjaqn,i owe( .supply.ysed for its
2% 25 B5ing egiPirD (st Shcaland Agsaln (i ipva ARy ialieaton B se
illustrated as "VREFH' and "VREFL". It al so has sone AC noi se due to

i nst ant ant¢weurmest valtage swing fopanyeprogess pr devict variptionsr Qtherimisthods dike usipgci ti ve
coupling and inductive coupling with adjacent signals. The differenti al

SW Ng t 0 {QAba&RKBHNIGURE td/86rd] s SHdGm'ift HRinY¥ SthufadHes, d/al.OfFCKIUS S¥bnanosecond
illustrated by the arrows. It should be noted that the worst m _ case

the tot i "ot EEEm Rulrde PRBR s Gt 9808 () ettt ieh, Doofuplyy ©
i o a0 Be uied MBS Tt oLl 207 SO Vo el VENBANPnS of S0 DR )

In a preferred enbodi nent, this voltage swng is SOOnw witty a |ogic high
vol t age 1on patbiéndspf the Iransmidsian lingi6¢0 (asweontrotéd by/Bil)andfR2) generates afil0imvbe
appreci ated that the average of the conplenentary reference voltages is

around t hewitizRder tll @indif{dris 2T b slat rivéinil fall Gt onGhe butPht &lid/to thinimize

operation of this signaling system The signals and the conpl enentary

ref erence S | £ . < SW , re Jtiated
2 the. sareefihs A DRI el tenipRlo it AR BONS, B Weficlut T
general logcatio or infra-chip) to 15 be _sent to the recgiver. ln other
wor ds, t hEresss é@%ﬂa@mﬁa&r@n@é@nﬁmeﬁmmm? glovdy gHhe |
However, the corrgvﬁrren_t ary references toggle every tine other signals need
t o tréhsnpreferred sBivimate isHeonsOmlt withetransitjory es of10.8ns ford00my. power supply and
ground at the sanme tine, all noise is common node. Therefore, the VREF

vari ations (VREsth aditbriiiFirbasi@énihd Rntd-Bkébighal] the prefefted sietv faliofi¥igrals igrt 1 s
unnecessary in the systens and 20 nethods of the present invention. Due to

‘he bi e : i no = : _ )
a1 vy hatou? B thebu bt 3 4Rl it B N BB 0 f BBl ERBRolV
pr osent | i 25t 0MQS fesBplogy i mopamioaE VOLERR OTA- NV e DY APRES Shor by
enabl i ng the conpar at or

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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27 2 5 JUN 20C? WD 99/48260 PGI/US99/ CSI 20 to sense the signal voltage
nore easily than the prior art systemwhich has only 113 to 114 of gﬂg 00
total signal swing. The signal and reference transition tinme can b7e Niz Z)f
the transition time needed by the prior art to achieve the sane

di fferenti alweisgnsdeéo duri ng si gnal change. Those skilled in thecvusssrosi2o
recogni ze that, for optinum performnce, VOH and VOL shoul d be set

anywf i er e thugittheawltagd ansitiond rAathround Yaof thesway traugihthe yoltage tansition, shel a
few hundred mllivolts above ground, with a d' ~' rerence between them of

S0 | | v Qlginals kB0« differice M @b S0 Wikl in b dbiivestell quithiBres & KargdQviug |

the device M snmatches are reduced and signals have little or

reflections ecially. in inkra-chi omuni cat hon. .

"ol at os ¢ drEED Ty pois FpnltheRion Aol 46 BEVRR: el Sy e RegECRRBRL .
to FIG 4, since the signal is conpared to both of the conplenentary

r ef er enc e &ipor teshipt Bor-trensitioning singlerensied signalsathe teansitinn timenbsawean 43%aad thpy
to SSVIR and the other conpares signal SNx to /SSVIR At the start of a
burst §r afinial sigihl valae isfsreferdbly highet than thd siint ofitwid mvenss delaysiagd dhe exclhisiee-
input is coupled to the receiver 210 output and the other conparator, which
has no di i 2] ] = Sckafe’ : 1 S
This is d?nlgaﬁgg"i ﬁ@ggg@gﬁiﬁgﬁ?ﬁgﬁgﬁi gna?mgt\’btﬁgﬁa%%?ﬁ\eﬁ%gﬁod rg‘%;reet%ce
transition en the arator. qujck senses_the,si | as differential
anplifier f%ﬁ%&%&ﬂ%&?@%‘%‘@cﬂh o_‘ﬁtp"gﬂﬁcﬂml?f# ﬂ&ﬁ? ﬂﬁfpgﬁt pJ."afgi ‘he
opposite state. -If the signal SNx does not transition (i.,e., only the

r ef er enceThatisrupionirece]ving h son-tiassitioning signal, she $wiches #d5 switch giatgdhezorsithehi ch
is coupled at the beginning of the reference transition will steadily Ty

reduce t hgb@Baraiee oﬁ?ﬁﬁ&igh?é!kt&tb BRsedZsh woiseimiplificatiofit The Batpiit 6f the etirendly
e di

I nput is provided. ferential input to the conparator which is

de- coypl e %ﬁg' ' S EhERE [ ' S s

i ncr egess)e ??1‘?%5%% e P?gind;%f%ar?h?sleaﬁ{é even?ﬁeg(?lggér?ﬁpﬁﬁgx#%ﬁe' g?‘??‘evlrn\eﬂr} | al
signal is ovi ded. . The ari.gi nal | oupl ed conpai stor wi.th no diffepeptial
si gnal at 4%}8’%6’#‘ %%#%ﬁ@?‘i ?@?&M@M&&O’%ﬂa@ga&%%ﬂt& b WD
99/ 48260 PCTNS99/ 05120 originally de-coupl ed conparator with the full

di f f er ent appreciatgd that devictmismaiches, mpeufagturing tolenances and signabreflvetionywilk effect

I nvention uses two conparators to sense one signal. Further, the binary

nat ure of tHéi spedcbdt vitii€H e Duihud bf e conipdtdtorsd 10 TehcheviiivOundetetmithedfstitéCAs the
conparator at the start of every possible valid transition. . 5 The

(11O, NGBl 85 Leekdbipl AL M0 1GR SRLY 5 ATV B it
oper Ll on 10, .4 - SRRAS, gt bl ke OSSN AR PR}

the signals SOx to SNx are initialized to the logic high |evel VOH By
t ur ni ng ofateseand skews between signalsnintangthen axeraplarysatrdiment\referred i as ransmittgr t he

/SSVTR to VOH and 1 o connecting the signals to ternination resistors or )
p- channel 6501 Traugfitter 650 indRides SRNBEOS piillddwadevice 655 coupled to the transmission

line 610 for accurately tailoring the output swing to 500mv below VTT. 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

paraﬂel-con;ected resistors. The input to the CMOS inverter is coupled to the signal control
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and source connected to VIT (VIT is 1.8v), power consunption is reduced.
The receiver 210 outputs for SO through SN are pre-charged high to MpQUN 200
usi ng p-channel device 1615 of FIG 16 to ensure the steering |ogic

(expl ai ned bel ow) to couple the conparator with full differential signal to
the recei verygbouggphput . 15 The fourth concept relates to si gnpér/eReMET20

di scrimnation. As known by those skilled in the art, the characteristic of

a di fferegkiies 6250Thé fe@,rstdr%eemamah 679 tinetiB ke xed falicHmek f it Wil beappfeciuted
| arge voltage difference. Voltage gain is typically fiom3 to 5 tines based

on the de 3

arter t ot e ol 3 Bpiss 4 e gty e EERLBHER, ¥ posfible rRFE ifipdiBPbl g,
the full sw ng based upon device size sel ectlon 20 ,The speed of the

_di f f er ent phall sigpals and sensing offallsignals)by: thediffersntial mecejvers i peaaysimuimsarsy. on
“the differential signal available on its input. As shown in FIG 15A a

di f f er ent iszhietifigl syhirRétry &itseting the slewerale drdblitpuaswingtar be acHiewved duringthe n
both SNx and SSVTR 1500 very quickly. But, when SNx does not tranS|t|on

Ert]re~S|2 ozk’v@%é%%dﬁ%?&%é%%ﬁﬁ“ﬁ spe 'S rrucB:ﬁéra% wer ased

on m smat ches %o The transitioning signal SN (the output of the
di fferent F?ﬂ‘s‘%fiﬂP and inverter) is shown as dotted |ine 1503. The
reg| on 1502 to the left of the transitioning signal SN 1503 is |abeled

"Change. " The Hewilldre appraciated thatthe signahtransitionstimesay de slightly bigirer thgo she s

| abel ed "No Change " As staid above, when the signal does not transition,

the anpli &ighal rd@Ofh srom&msuyribaua&bum, the switlp cah bednéreskied 2y takerareof

i ndet er.mi nate region 1506 he period of tine before the anpl |f|er reaches

t he i ndet QOB agceg‘eeg’a g?gg eg%.e,ﬁ;

This i nvewgﬁes atv n?‘gge % t'l rrg]egap ngﬁé I ng e st eer| ng

| ogi ¢ desgri bed bel,ow ,to pass the changi ng si.gnal to the recei ver out put
and tboprﬁvmaﬂmecwfﬁeéhaéwﬂv% VETES xv&m% "39%4% !

0 device sizes and transition tines, the tinme gap can be nmade su ei ent to
oper at e t éwe possibleibased aniechrolagy, imamewrmmmmmm delays.t he

'no signal change" and the resul t ant |ndeterm nat e vol tage signal does not

pass. |t Biéd roRitRMed sigh M?fer grilRitCARIpBaiBle With Basiti sigals Pass
so long as it is less than tT‘; ogic threshold of tfe XOR gate following it

e 5ol B4 5 50 D O P ol
;tecer _e_ﬂge SI na %gaeél on tlgg?SquSf{é ;[éC A‘Qg?é i Ct I on

the steering logic circuit 1550 couples the appropriate conparator 855 to
t he rtcei size ans megistors| B3be gata grios thiksusingowell kmown trchpiqyesiike, qfswblnmng
differential anplifier using SSVIR, /SSVIR and the 20 present output of the

recei ver gibdetting i€ repicter dode td axbicvelthd 6 m&m&mﬁmm 100 egent

out put signal of the receiver 1553. Referring to FIG initializing input

\S/IO?naa?ld rece| ver ou@\&ﬂt&g&]g’%ﬁl Wrougs&&gﬁw @%up%%ﬁ?ﬁg%&WR Lo

appropri af ahead of the PS&TR%%%S %&ssﬁcwmaybeadjustedaﬁertesungtobem

this range.

D

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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2 5 JUN 2002 WD 99/ 487260 PGI/ US99/ OSI ZO out put 420 before the start of the
burst. For a transitioning signal, the steering |ogic 1550 does nat3cH¥AHE,
since the steering | ogic XORs 565 selects the appropriate anplified
reference and the si gnal receiver outpirt. Since both the anplified SSVIR
ref erence andv6Ng/i4ssansi ti on and the delay paths for the anpli fRcUSIdERo
reference and for SNx to the XOR _ . d _ 1565 are identical, the XOR | 565
does not syéquirementst Refating e FIG.i %A, tircreceiven? Houses dual| differestial amplifeers 762,0n,
t he previous conparator 1555 which was coupled is de-coupled and the other

conpar at or oﬁé&ﬁc\é\ﬁ}gﬁf@wﬁ%‘ ; ﬁ?&%\%ﬁé%i@ﬂ!@l@ﬂo SHVETR afid e bBELT Ver

out put does not i's actl riven by the coupl ed conparator
1555 to resiore the o vel if requir.ed. e s i | 0gi € ,1550 i S
desi gned ta‘ﬂm&pﬁtﬂl’ﬁﬁéﬁq}b%ﬁ nggﬁ%ﬂ%@tqﬁ}hmsjﬁgmgﬁ%%@ﬂ “B¥nd no
si gnal change 1506 as expl ai ned above. The steering |ogic is done using an
i ndi vi dual baefreviewmaf-differentiallamplifiers H2ds prayvides: sFherdifferentinl pmplifies 704 is
better adjustment of slicing tine, and for inproving mains or adjusting for
skews and Hiwayseadbidl. Based/oH cHarileb Sz whes $iedSSVTR violtige i3|Highet tionghaSNOr S
de coupled fromtheir receiver outputs using SSVIR and /SSVIR tim ng and
one contro j i . j Y {nﬂu?
occur at s*?lﬁgggﬁhene u{rllsng ﬁ[*lg&f)?ntggg%d?o reguggqg)htgg%}j%?r f ggw ces
in the receivers, Thi | d.redu e n andw as, the proper
conpar at or vcp\lggetabnq& @:ﬁé& ?‘%%F"ttﬁﬁ&e(g 8? @35})031’%5&8%3?@ Y‘ﬁ?ggt‘%tf‘l“ g?a"r@?(t
transition. Wen all these el enents are conbi ned together, the whole

si gnal i ng Shstveltagepmose virrdnt & dravwngomiss SONMOStrapsistorT K, tigssbyrpulling theng at
VOH, all signal receiver output 2o precharged to VCC and the SSVIR starti(rg)
at VOL. Beh@pet vokagdatnde 709 16w (418sd t8 VSSbLOV)M The difftfntihl SRpliGerPonvits

conpl enentary reference signals, all conparators with differential signal

an them ( ke u } tputs. For signals
transi m o%ﬁ%@#ggﬁp g%ggﬁcéﬁf’%&g}vﬁg%gn S to drive the output to
the opposite volfage rail. For signals 31 2 5 JU~ 2002 WD, 99/ 48260

PCT/ US99/ | 05120%?“@\1%% the differegtial amplificpy.are ﬁﬂlni%f‘en@ M?HE‘E:B@@%W
signals fromthe present conparator to the other conparator to hold and/or
restore th#04; passitronglh OMOS trafismission igates 706 and ere tied tpgesheriatedde 308 ohe nue
wi th overlapping the transitions with steering logic until the steering

| ogi ¢ del ayarlshiidsich gt 708N slédtively dpefatéd a@ehafng londthe hpEfied¥iate T prévibus

transition. As sfiovmin F 1G 16, 'the single-ended signal receiver has

differenti { fJ A I j ls } or
urni ng. of SR LtsRisPCta Pyl BB ARP UL e SSTAR SEISSTRC R, Y 2
the inverters have heen replaced hy.NAND gates 1610 co ed_to the. power
down ol re"E@?“\?EYel@ﬂﬁfﬂ qxc ljﬁaéﬁ “F@?ﬁ‘@é&lwg"ﬁ@f’ e Withqut g“h’ﬁfﬂ’%ﬂ%&?&s
been -) coupled to node 708 at its drain, to VCC at its source, and to the
power dowvagiatiprsbstwesn SN, ¥ilapd VIireachingtheir respgetive logicdevelsaar ge SN to VCC..
The NAND gate 1615 after the differential anplifiers also achieves the )
correct pol ari tVafisusethbodirhétité ardtsBowh e FIG! PA ilfusthates ah RBvAle enalled différemtial
condition is to preset SNX high, with SNx pulled high by the term nation

resist anceafrgéliﬁgg# L’ELH gngglég EanQRiskibg gM Béﬂ:g '&1@8&&%@%&%}@&?& OWaf? Qlvice et

hi gh. The el ver

and higher speed as alternative embodiment 700. FIG. 7B illustrates a differential amplifier
20 and the transmission gates being enabled or disabled simultaneously as a.l.tcmative

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-O.l-l output and slow enabling of the transmission gates after the exclusive-OR is

20



operation is already described. The P-channel device on the conmon node of
the 15 transm ssion gates output is to precharge the node 708 high qzbcfly
iT necessary _during power up or when the exclusive-OR outputs have n UN2002
reached stable levels. By using devices with very | ow power dissipation and

cl ose physi cgo owMeliégng, the bus can be nade as short as possi bpernidedséyzpn
turn allows for short propagation tinmes and high data rates. The term nated

cont r ol | edscrgand e mative B Bb&itieat 740, NERG. 7E5illubeatts 4 P-chhfmel Hiffereitial 20nplifiers
operate at signal rates of 1 GHz (I ns) or higher. The char act erlstlcs of

|t eor at odvi f eERERiRh “oltadefoP bt ol i s diEnGBVe ERbiment 760.

circuits add | unped capacitance to the lines, mhlch | owers the inpedance of

the |ines AHdifferential gmplifisegateseanhedisabledfor powen reduation € BPRFTYSS QR dvhen
the 32 Z 5 JUN 2002 WO 99148260 PGI/US99/ G5~ 20 bus inpedance is |ikely

to be on tihedeviseis ot selécted\oFthe ddvich &s inrdepp gowerodows hide: Thedifferentiatl ns. | n
an application requiri ng fast bus turnaround fromread to wite or vice

versa, Aas ﬁﬂgm}r ogton time is chosen to be
about 25 to occ)glF%@s%lédng? ?&!Ei* the cycletlrre) Arrplrfrcatronis
initiated int next t o 30%.of e Si a rlver
turned off to P?‘Bg?‘ﬁi stFﬂWQPE‘“HG%E %b {8s thwné&?lg—ﬂ? §89/w5f the
signal rate. It wll appreci ated that the next cycle, where the_signal
or data digopsurhption @nrbe\fertqutdwd byangther 3% That ishihevoltagesswing il be from

e~ci ency where the devices are close to each other and the bus settllng

time is | epzvide/TWallowiig debentshagils ffomt grouhid bourd? amd dewerpavedriconingm
perspective. By incorporati ng the termnating 1 o resistance interna Iy

usi ng gro ﬁgj'g E:ﬁh t
syst ens cgﬁ as :IE% b%ﬁuﬁ}g@?ntc ﬁPFEBI ncorporal@r?gpbﬁ
termnatin reS|s ces eli nates t he, heed .for, s 0 t he

ext orndl | 1d8Yices amthed Gomznan with porable fle3besor rp FHIGE fpcteth, Thee
gate of P-channel devr ces on the transmtter side to reduce the current

requi red itransinitten 203 canystilhles ani YMOS pull downtTd arrparallel cornection pEMOB@uH t he

CPU and the 15 nmenory controller have P-channel term nating devices whose

si zes may dotms 660 Reédiver Gparatioh és siilapexcept the differentizl anplifief 702bedonies avhen
their gates are at ground potential. The gates of the P-channel devices use

a signal %5%5& H@%: t ' l%ﬁn

recei ver én arlttgﬁ%eﬁ § gnsm ﬁ{hegéﬁ Sﬁ {saxgévmlt?c [ ngg%glﬁqt t%ﬂgone ?egatehe
receiver is preset hi and pefore fhe burst, is . jnitjated on,the, si

lines. | ntf@'r&‘ﬂpm? g}ﬁamrg@nb’ée‘ﬁéﬁa“ﬂfsrdﬂgt‘éab& ’B‘F’%L#H@ﬂ S%é‘rt"é
P-channel devices. By using nmultiple buses as described in the next

secti dd, ahaPichamneleQthey configuratidngof differential amplifictsewhishiconvert gmalb swing f r om

64 (72) or the bandw dth can be increased considerably. The backsi de cache

connect i orfifféreftAlSighals té\lagge SWing différetidlsignals QUakhs) nddi/AferitivelyIROusel 70 be
sped up, the nunber of pins on the CPU can be reduced and the PBSRAMs can

be instead of the differential amplifiers shown. One skilled in the art will recognize that another

embodiment can use two different VTTs, one for signals equal to 1.8v with 500mv swing and
another for oscillating reference signals equal to 1.7V with 300mv sw'mg._ All signals
20 transition at the same time and have similar slew rates. The same transmitter and receiver pair
can manage the multiple VTT 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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changed from X36 to X18 thereby reducing die size and cost. FIG 19 shows a
system 1900 having multiple buses for devices |ike SLDRAM DDR SD%A%/IU,@N @R
SRAMs, where_signals are received sinultaneously. The system cl ock f 0
starts froma clock source 1915 at the end opposite the nenory controller
1905, is conwexdoemadoo al | devices 1910 whose data outputs are poVUS9¥Esi2bO
the bus 1920, and term nates at the nenory controller 1905. The | oadi ng on
t he cl ock teitlgthelsmall swihg keltages (Singleentdabsigm) SNk aidSSHTR ardS$VTRaofthe he
SSVTRI and /SSVTRI references. It will be r_' -~ appreciated that the cl ock
can be di fchghed i ffirertdi tﬁé-x%[iﬁ@x‘))é}e QbseSoNEPa sl e JRAREVET \Uhe i th HiEsnalP

cl ock frequency and sys requi renments. The clock voltage sw ng can be
simlar to SSVIR and /SSVIR v.e imlar receiver. To have the same
del ay, thé“??%x‘gtqs&ﬁﬁ?ﬁ%t?@%éﬁ%ﬁ?s‘fg 0%%8%?@%%%%8 trace

| ength of the SSVTRI and /SSVTR references. The clock source 1915

i nt r oducepreservatipn of Yy signal SN when thesingle-gndadoyigml SNx daes dpt change state ansk
depending on their location on the bus 1920, so that the data, SSVIR and
15 / SSYTRtheSSVYR c¥/SSWFRCThé &labRid diffefential axhslifiertié closiagthe differentigPsiphals s
of which DDRDRAM is driving the data. Each DDRDRAM coul d optionally use a

DLL (del ay tock !QSH to reduce the clock 1915 to data delay if needed
for synch:rso*lwzgtli&gen a ie controller 1905. To reduce an additional pin in

the cl ocked systemwhere the data transm ssi.,on is predigctable, a. DLL nay be
used to gener aglé‘cFm‘Y“}ﬂ?iW@ﬁéﬁ? Pf%ﬁ‘&agﬁmgsm&g'
characteristic but of opposite polarity, at the receiver end. The DLL would
r epr oduce endssd signal,ithe nordept afneprum end bolditirae fronng spdeifiehiime afterthe signal lavel
DDRDRAMs 1910) . The coatroller would be aware of the cycle in which the (™

data and t&Rh&VIR/VILCHEVREF §n pfeviii® Sigiialiflg tethaiguky fio ldzis‘gheippﬁevaks, thyrelis"

isinitiated by address and command signals, the 34 5 ~uN 2002 WO

99/ 48760 i : i e | nput
dat a fog gglgng oggﬁegéﬁgg?@%gé% fﬁiﬂ%&}%ﬁé ‘Iﬁ'g%l ﬁ&%@?ﬁ%e
signal is needed by the particul ar conponent. The address .- and conpand

li nes nayUBUNGReAGHEEY farsat-upstnd hedd and) thedimung geededto-enable oltagrimargns for pus

unidirectionally carries input signals fromthe nmenory controller 1905 to
t he gensingRrFAD WBREFOthe opgiating fregii¢ncy dsreensiderably inkdeased with lewart poweras a

2-bit command aad an 8-bit address. The 2-bit command is done by using /CE

and | RAS génsufifptioh Fiathed ull réceiv el 405l aRSseHitinvsdy withiud fli¢ nesP¥t 4 Bidbanéloéie
ot her signal for /CAS and /WE. The 8-bit address on two edgesggai ves ulg to

col o anth VBB S FEE i PRl ity B0 Rl t hird b shofier

wite cyc}e&é’s lo.done with 16 bits of colum and bl ock address with I CE,
/ CAS Ynd | trRpsTSHONTKEW: SSVTRO may be derivative of the system cl ock
(differential) and operating at the same or a multiple of the frequency of
t he system cl ofiKs. 84 and 8Bearn schematicidiagrams Blustmatipg biscuitdetailsccompakatotset3s| ock
frequency in the nmenory controller 1905 for various internal purposes, to_)

drive theofFIGIaNEackCorafathes 435 ingRales a dififdrBatidl Qatplifies 802 (FIG. 8AJ of 852I(FIGE
data in, SSVIRI and 15 /SSVIR for wite requests. Using different

ref er encegyy GhildAband Biffersnbilimptifer 702 VFFIGs 24 ah ImdASIE SiverdRiBo4 (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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control (SSVTRO and /SSV11Z0) further distinguishes the present invention
fi~omR A MBUS signaling. In RAMBUS, all signhals comng into the 1ZDRAM are
sensed based on a single clock, whereas in the present invention thel5 JUNZ200Z
control signals and address signals are on a 20 different channel than the

data signal s. basfepabl es running the control and address cha
di fferent freva’gjsghcglﬁ?han the data channel. All unidirectional %/Uﬂw&lzo

frequency si gnalgg( gedy &‘ﬁéﬁﬂﬂgﬁ%ﬁhus&iaﬁﬂ%}e&ivbﬁrmmaﬁmﬁiﬁhuaﬂsewjumble

characteristic inpedance on t of the Dus away fromthe controller

1905. Since the cqgntroller 1905 is usually the naster d.is,3 2.5
3021 Vo dsleys i atnipe ke 9588 FanTRIROP Fof OV Yl iPE 42 Fres, Syibe by
signals (data signals) terminate on the controller end with an external or
_internal reomperatare4ti). T tumedhe oprrating:frequenay oevolipgeswing fosopimume i ce. |t
wi || be appreciated that, to reduce power, the term nating P-channel device

can be sw ipeifefingict, cdbh téeeiver 0T Rdst Wiste? 905 ToestoriBedita tovenible Aélivery bf\éne of

controller side is optional and may be a 5 high resistance around 1 Ox the

characteri gtig i peiaNAE ., SHAC qppf ,Q,f-m i.e.,

sl aves, ?i s%ea%ﬁf%@lﬁe r‘g /s:’g?rpognen % arer%rq%)et%?%/p@gmﬁ%at ed by an
external resistqQr _at. the end of the trgnsm ssion line. The 18-bit .
bi -directional &&Palbid H?F@P@F%&)Y‘?Wcﬁfé‘ral&f‘glwl”{% °23|‘|‘B“S’F§ém 1100 fpr bi-
system cl ock for synchronization and ~1 preferably sends data froma single
DDRDRAM i n directionabsignal commimidatio?. The alastey ¢ 183 includes yeceivetstd W ar@l r2Girn

gi gabytes/sec. Care is taken to balance the load on SSV1' RO and / SSVTRO by
addi ng dumpgnéaiess 1209 cbipled iogethe XMopéparititlafly| dachSiglddndeddignabietiived Thi s

| oad bal anci ng makes the slewrates simlar and allows simlar margins for

all signalg, n_higher bandwidth is r L t : ed as
shown in F%gh\/%%'xgn%g@ gecﬁgpagaéogﬁgﬁﬁ%"ga@g n%ﬁ:@ﬁ?ﬁ??’&é&&%@% S ngl e
menory controller, This configuration allows a 4.5 15 gi gabyteJsec-peak
data bafdwrerresponing Harsmitier sushas ransnigani Q. Bref ys&léﬁwleo@mémnme
two channels on the SSVTRO and /SSVTRO. The clock and data are split to
have 36- bi SNetahay treugroupddriggethasMth a sHg1€Tpdir of SSEVTRRARdISS $.S saves
pins as conparod to prior art of dual channel RDRAM s. Although the

i nventi on HRQRVEOpersG3EkilRd3n AN RIS ghikO Mat, ffBF a given operafifi egheky, t he

20 receiver, it can use a synchronous clock to transmt data at a

parti cul ar gkd a I~gquency for. ease.o estd n nd fHl. W | sting
brotocol o S5 VIRAR/SR TR pRbinkend el Rlent Rb PSRt i B E Y il BNE b o5
chip multiplier of a slow clock or_an internal ring oscil]ator to transmt
data at hi Bﬁ togsthos. tAhthown iniF6. 4 babe lasioytis implemented sathatthei on to
reduce 36 2 5 JUN 2Q02 WD 99/ 48760 PGI/ US99/ CSI ZO noi se and system power.
Those $Xi | tamicitanced; eesistancesamdnindtictanaes oo §S VTR, &S S VI Rcandoalbsinglerended signals
asynchronous, high bandw dth systens in accordance with the teachings

herei n. ThgNkQrehiPrded dRER! iRt SSVIR dnd9SEVEIREEd RFAIFGINAE réBRRicts 405, Htotal

present invention is by way of exanple only, and other variations and

modi i cat i pRgQfon SRR AP NE/SERPH hO&H to-be minimized.

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 propagat;on times and high
20 datarates. Asshown in FIG. 2B, the resistor-terminated controlied-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



5 enbodi nents and nethods are possible in Iight of the foregoing teaching.
For exanpl e, although the system and net hod have been descri bed as
tisnsmtting SSVIR and /SSVIR f TOm a master 205 to a receiver 405] 5qd8 2002
skilled in the art will recognize that one reference may be sent and the
conpl ement gwigegoadsged on t he recei ver 405 side. Using the technpgoaisespdize
ot her technol ogi es, such as bipolar or gallium arsenide, which have simlar
swi t chi ng the impedahcesf the lingsareidecrsasesaht eansmissieh ypded. Iisthel loadedenviranment,
this invention may be inplenmented using a programred general purpose
digital cqEPhheinpedahddds HRBY'S BE bRIESRAE 6 25 diithORHPIR bréfaghtion Peloity B! N0
a network of I nterconnected conventional conponents and circuits. The
enbodi ment_s_descrjbed,herein are not .i.ntended.to pe exhaustl.ve .imting.
The. pr oserft ST Ben CRE PR Rk Po it PHHS B RS figr B ARt e sl suhd 80 o0
2007 WD 99148260 WHAT IS CLAIMED I'S: PGINS99/ 05120 1. A nethod of detecting
a transi t ifonbuses lasethanabouiclPeing gne fepddycle{d.ga Apskisinsadedstoganie the bupfarsi ng
the steps of obtaining an oscillating reference; 5 receiving an incom ng

si gnal 5 an¢ieRFERFFdni8né AvaI6 ahdthér diiver! Porkagertined) siort lean ohewycleomsy beal
to detect a transition in the incomng signal relative to the previous

signal . 2. | ad Il ' [ .

el s FERR i Yirpls (6 B abpmbefors W sl ol ri06 SOHPRL! Uhtike
enerating a ntnl signal. based, on the previo ignal for conptrollin
gassageI OMQ{S,&%&%&@&Q&%S Alpes, gmgﬂﬂ%ﬂu&%i&%%{’mm& g"P“lehéigm 2,

wherein the step of generating a control sigaal includes conparing the
osci | | ati sgmedeédcence and the output signal. 4. The nethod of 3, wherein 1s
the first result manipul ates the output signal fromthe previous signal ; )

toward the firgGr P@H'iéépéﬁ?i:cﬁb@vﬁhﬁﬂoéﬁdﬂ@ﬂﬂmsﬂﬂﬁﬁg & poilnt-0d-p6int Bystem
SCI

I ncl udes conparing the o | ati ng reference and the output signal while

t he oyt pu hgnal, is;still.l.oglc t ' . S| .en LNE
ot hodo or 1200k Bl p -3 Ral s o Bblad B Pl BicH 5 1213002
signal fromthe previous signal toward the first result; and th fep, of
gener at | ng-direginmakaiavs tHB ThesensEission igss 144 Deldss uprer gL lioeb ke,
and the output signal after the output signal logically equals the first
resul t. 3fowerZighal SNx2ineg 1225ndRSVIBR @0d IRSYTRIiNe) 3230 As ilistratedtin F8Go12B
claim1l1, wherein the incom ng signal is single-ended.

is a perspective view block diagram illustrating point-to-point system 1200 incorporating

terminating resistances 1235 internally using grounded gate P-channel devices. 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. Smali

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.

-~



7. The nmethod of claim1l1l, wherein the oscillating reference is synchronous
with the incom ng signal. 8 The nethod of claim1, wherein the oscillati n([?
reference provides voltage and timing __ 5 attributes. 9. The nethod Jo$UN 200
claim1l1, wherein the oscillating reference is negated 10. The net hod of

claiml, fur rising the steps of obtaining an oscill at| Rsfce
conpl enent; and conigﬂz;rl ng the conpl enent agai nst the ciurent i nco

ih%gf%' ns“g. Sﬁilﬂﬁ#tb?%éﬁff‘ﬁ%he pr%’%ﬁ@s& %ﬁgﬁ‘&%?lfﬂ‘rﬁé‘mlﬂ* BLDRAMT 1
Synchr onoUBDRBAM an BTIR SRAM, vtsre HGEaln ARG BIS AR TRpS Vel Banitspeoely

equal to one-half the cycle tine of the oscillating reference. 12. A system

_for det ectFIGy 13Atis apeispeativelvidwblck aliegram iliustrgting g cambined unigirestionakand bi-
signal, 15 corrpri sing: first and second input termnals for receiving,

respect i vediy 1 O%'l@bb Bk SITDRAM 6 2 1@&@&9&&&@ Sysém 1300 iA¢ludes a

out put term na i ng an output signa Iogl cally equal to the previous

For " cortparPHFADS dhey &Rty sousote s e RpnERdnaR B 2 R peE IR

result; and a first controller coupled to the first conparator for coupling
the first (egsSLDRAMsheThemaster lmsﬁmmmuadévsm d eaatrel signals yisaddress.ando
2 5 JUN 2002 s WD 99/48260 PCT/US99/ 05120 13. The system of claim 12,

wher ei n t hntrbY 1sdesA3D0 bad 1325, transmitOfeckives @4ts sighsls abss ditall'ﬂﬁﬁﬁmldnd 0335,
out put signal. 14. The systemof claim 13, wherein the first result is

P TC/10Us t%f%%éf“*’ Ph SSVITCRE ASVIRUBRIRY i (o 6 FYVIR al SRUTE Plchiss

fﬁépl)ﬁf'ph < S8R0 and (Y ko s mung B etk nd Foohb) Bena i gy ““"-eme

syst em of cI aim 13, wherein the first result is coupled to the out
terni gl  tsecondrsepefl SSETR land S8 BTR referpmats (i.eoBS YR 1 pndvSBVTRY) tmthie mmd

the first result; and the first controller is coupled to conpare the

oscillati flglo.ef'IQfeQﬁﬂfésﬁiﬁii édh&opﬁtlﬁbh of the) syste8F00ahineigetuntdifectipnil

logically equals the first resu 16. The system of claim 12, wherein t he
O 19, SR gk AT T GBSkl OV 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 ‘
/SSVTRI 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 (SLDRAMs) 1310 (which operate like slaves) is

variable, components 1310 are preferably terminated by external resistors at the end of the
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The system of claim 12, wherein the oscillating reference provi des voltage
and timng . attributes. 19) The systemof claim 12, wherein the
oscillating reference is negated. 20. The system of claim 12, wherléj dUlt Hl
oscillating reference includes an oscillating source synchronous voltage
and timng r Woeesseep having a slew rate substantially equal toporasosbiizef
the cycle time of the oscillating reference. 21. The systemof claim 12,
further corgusinissiom linesThied 18 bis bi-directivnabdaté bus 1 330cand 153 5operasasi dtithe same

ref erence conpl enent; 40 2 5 ~ur~ zoo2 WD 99148260 PCT/ US99/ 05120 a
second COfReudh asthe By tchn otk 16 S/ACHBAIZARG Eﬂilé&db'aﬁﬁtinhﬁhﬂw%‘iﬁw&ﬂgin

conparing t conpl enent and the rncomng signal to generate a secon
result; and a.second cgntrol] .cqupl ed t.0 the. sec rat.ar, for

coupl i ng {}ggr @8@6%%&3&9&5120?3 @5%’?@%85 ma ﬁgﬁ% 18 Bhen o, s
signal. -- - 4 22. A systemfor detecting a transition between an incom ng
si gnal andalange theiloadson S§VARO andBSVIRADY asdding duymamyt gatasiand lings tndogkng an
out put signal logically equal to the previous signal; a first anplifier for
anpl i f i nGoldpardbld beSSVITR1 ked YSSVTRN Thixload baladtingahalkes theaslevo sate duato Ng

reference to generate a first result; i o a second anplifier for anmplifying
the diffen D6S -}Qﬁﬁp ;j,ggﬁ]h of the oscillating
referencelgo g%ﬁg%a e gﬁés]%l:ond result;"a tirst swtch coupled to the first

anplifier for ljng the first resulf to the gutput terninal based qn
first criteri as\?ﬁg“g@gﬁn}?ﬁ“@W‘E‘EF\s@S &Wm]é%éféﬂr\’degﬂ’r’g}bpﬁsés gy mn
coupling the second result to the i 5 output term nal based on second
criteri a; FiGf 14B+t Teorsepaateahatngls of SHDRAM 13 klare fused with misinglé mepwsyd on a
conparison of the reference and the output signal; and a second controll §7)

for contr @bhirdlert1805.S ThizRAnfifhrafén Aldvase:s b?mav Bdndwigthe QB GUEHNt
and the output signal. 20 23. The system g?ﬁhc aim22, wherein the first

out putl0si SRepLfr4d dotk pBffRobie Sch@pbFcBUkP Adliine BOSH ke (1°
2002 W O 33 ratseysisa RASEeasiss s Rahuoup Slooks  FERRE S SEEBHHGHEE B GRGar o
the reference and the output signal while the
frequency for ease of testing and usefulness 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
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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output signal is still logically equal to the previous signal; and the
second controller is coupled to conpare the conplenent and the output5 JUN 2002
signal while _the output signal is still logically equal to the previous
signal. 5 24. The system of claim22, wherein the first switch couples the

fiLrst anpl ifiv%ﬁ/ﬁﬁzh{‘e output termnal to mani pul ate the out putpcsfi,ggbg}osi,‘{oom
t he previous siIgna oward the first result; the incomng signal 1s

| ogi cal 1y aqiabioh QhisNAriRfiGY ilRERass 95 SVREFEP dnd " MREPI. ' his6 hak Soke ATt lﬁgisEo

conpare tie reference and the output signal after the io output signa

| ogi cally yals the first.result; and the second controller is.coupled to
conpare t Hﬁ‘géﬁ HRStAADGOUS YARAKARS 1 pROWRT sgp@ﬁgpﬁﬁﬁ, @FO"Fﬂebo %&pﬁlﬁﬁ%&up%ng
logically equals the first result. 25. The system of claim 22, wherein the
_incom ng sindrinductive counjing-withiadjacens signals. The diffgrential swing tohe gpmpamatoriused
reference is synchronous with the incomng 1 s signal. 27. The system of
claim 22, iMfey Rbdivérif theprivrainGs ilisbvtedetsy the airoge. dxhotidbesptéd thiat thetworst - )

28. The system of claim?22, wherein the reference is negated. ' 29. The
syst em_of a'!-ﬁ g% Y [ ;’ g e ' itgﬁl e
synchr noucgev agtelal\gf |mtﬁ roé eﬁg@&ﬁav?hﬁag?}gwﬁﬁg éfgltﬁbs aﬁ | y
equal to one-ha of 20 the cycle tine of the oscillating reference. 30. A
comuni catSPae eai8¢ onprising: a transmitter for transmtting an

oscillating source synchronous voltage and timng reference aad a new
signal to a redksd shewn inFIG. MB, thekyst@09and methods bfl8Rdovengon uSe oampledientary
transm ssion lines coupled to the transmtter for carrying the reference

and the ne¥fefingé:?$SYTR &HE /STEER Willich Bk e sARE vERigetswing 8lahysijhd (c.ﬁ., data
e

transmission |ines for obtaining a previous signal, for receiving t

ref erence sk.anal r i 0Q:.A - it .

new - GPEuelf: R rbicReR B, ekt il b SB0RY il RNV VolBer
signal and the previous signal _against the ref e&ﬁpgg. 31., THe syst em of

cl ai mi8o, (YREDatd-dvandia lpgicdawdeval (VLY odd-3v dh appreciatsH dhat the gyeragr-of
oscillating reference to the receiver, 1o the transmssion lines carry the
conpl enmenthd conplementary referenca vdltages is eroand ¢he nidpeiitof ¥ QH and MObat éxased on
conmparisons of the new signal and the previous signal against the _
conpl emeNtnstadrt of i duving BPerafior bAIHIY SPnaliMaayStem. (1R digifdd MRT the Roinpiaterthry St
and second input termnals for receiving, réespectively, an oscillating

ref er eace | 1 g S, X t 1 nal... el .

ot put o1 BRSPS oo BEort R hod P vRtes Sk RigRled bt e nBliy,
coupled tqQ the first and second, input termnals for c ar.ing the reference
and the i 9 Fame §oHEFe (sgmg dexics der mtqrrchip or 88 s@eamcaﬁon for intra-chip) to

15  be sent to the receiver. In other words, the complementary references 1ook just like any other

O

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 signalswingneededinthepriorartisunnecessaryinthe_systemsand

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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a first controller coupled to the first conmparator for coupling the first
result to the 20 output term nal based on the previous signal. 33. %T?QUN 2007
system of claim 32, wherein the first controller conpares the oscillating -
reference and the output signal. 34. The system of claim 33, wherein 43 2
5 JUPJ 2002 WO PoB2®/60 PCTNS99/ OSI ZO the first result i s coupPem/usesnsieo
output termnal to manipul ate the output signal fromthe previous signal

t owar d t hdofsense thessignal voltage mhre dasily thapdhe pron ast systene Whichekastonly bidtarléd ofie
oscillating reference and the output signal while the output signal is
still |ogithatdtdl s g. The signlardrefedéritd dansition timeldd tiellalf df the trafidifbm

33, wher~;in the Tirst result 1s coupled to the output termnal to

0T PO 2 S s B B e il USSR i

reference and the output a ) signal after the outpuyt signal Jogically

equal s t hdhose sﬂﬂ@dewﬁsart .1WWM%PPBP%P§§Q%&&MW% YQEbshould
signal is single-ended. 37. The system of claim 32, wherein the oscillating
r ef er ence besetsunyohierssefwesn 4 fewt Inmdredmiliivgitsbelowlthe BowerTsupplyyakicnfess huidredn
32, wherein the oscillating reference provides voltage and ti m ng

attribut e%iu%légbo\y‘égﬁﬂ&,%vﬁgi 2 lifferétlcabarvech iR of SORBIIRTAIS. I Pe difference can

ref erence 1I's negated.” 40. system of claim 32, wherein the oscillating
reference,includes. an.osgcil| afi SO e.synchronoys voltage .and tim

ot or once bR ARG reepa fF At AREH i s RIRRRS A e d Sl e
time of the oscillating reference. 41. The systemof claim 32, further
conpri si néittorna meflectianspespeciallyrimintraichip qammpnicatiptan oscil | ati ng ref erence
conpl ement; a second conparator coupled to the second and third i nput f‘,

termnal s for Qbegedondtonbept eclaps &y iavingoduhl chmparatoesiforeach incomingsigadler at e
a second result; and 44 2 ~ UU~- 202 ° WD 99/ 48260 PCT/ US99/ 05120 a second

contr qp | eRefaHRL Behih B FIE, £ SHR s patl 1oHRPLE 1148 chRRIGAGHRY
corrpa?gt o?{ei.'o t%e out puiwt é??aﬁeﬁg}e%g sed on the Sr evl ous seibgﬁa . © The
syst em of ai m 30, . wher.ei e transmtter includes a nmenry.co er,
2hd 't herERhiRsrioh ARt S BRb O SoraparREs. s SRS FE S Y IR ot
transmtter includes a mcroprocessor, and the receiver includes a system
cont r ol | ethe ofher cpmparsssignal SNx ¢0 SV IR, Aljthe st of o bursy trarsition the enmpgrator
I ncludes a nenory controller. 1 o 45. A signal receiver systemfor
det ect i ngwathia falllifferentidlisigiabopite itiputis coupledito tie recsiverA1Quinput 2hd B other
conprising: (a) an output term nal providing an output signal logically
equal 10 EapRbRlWhith BhORS liffehdhtiaRsif 18 Erdnf) fle 14l Per(d jpr St
conpar at o%&?’c’)r co’rrparllnng anblgsm at %’S{rsg?grge ce agaﬁlst tﬁcer(zf?ds?ggds?‘equent
signal _togenerate a. tilnst . .result: (il first swteh.coupled to the fjrst
conpalt oGS g tpf mAEHANT T the s S apd it oS FRIGEGH thapettig, fhep the
(iii) a fast controller coupled to the first switch for conparing the,
osci | | at | pRmPparater auickly-sensesdhe sigral g5 o differentipl amplifier; qwiokly amplifidng the|signal
signal for controlling the first 20 switch; and :
and driving the output to the opposite state. If the signal SNx does not transition (i.e., only

-’

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 oom;axator with no differential signal at the end of the transition is de-coupled and
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(c) a second receiver in parallel to the first receiver including (i) a
second conparator for conpeting an oscillating reference conpl enent @thM$MW
the subsequent signal to generate a second result; 45 2 ~JUi 2002 WO

99/ 48260 PCT/ US99/ Gbi ~0 (ii) a second swtch coupled to the second

conpar at or fvpb 9678288 | N the second result to the output term prrusdofsizo
("iii) a second controller coupled to the second switch for conparing the

osci | | ati phginally 86-866ple® Bahparaidr withiths Hill dﬂ&rmﬁhpﬁgnﬂlwﬂfdeﬂdmf@m&éﬁi&oﬁls
control signal for control |1 ng the second svm tch The system of claim

ﬁgnl \Sﬂﬁgflﬁg‘fﬁ% ﬁf;ﬁ%se&? iﬂgnéi'ﬁ???ﬁ e ..VI SO s gna%’ %o%lld%m&fl rsl?mary

result; t~I the first controller _is coupled to conpare the oscillating
_r ef er encenare ofidigital signeals pspres afull sigpal swingan one ¢f the cogRamtar gt thejstart of

| ogically equal to the previous signal; and the second controller is
coupl ed t everp Fmﬁﬁ‘tﬂetvbiﬁi&ﬁmdlment aad the output signal while the out put
signal is sti Iogl cal | y equal to the previous signal. 47. The system of

claimgs, wher gy ?t'fﬁ‘%?om 1%&{2%&65" Siticé Bnlyhe Udhipatatbdt s tiiat is' ©

mani pul ate the out put si e previous signal ‘toward the first
result; the st.controller is.co Q_COo CI| atin

ref er encewtﬂéh%mfr A I%W&’&Pﬁé’r&ﬂp%f’pﬂﬂﬁp 5F’?’98%‘af?§l s
the first result; and the second controller is coupled to corrpare t he
conpl emenwithithe fubledifereptial inpw@signabeampled tedhetecpiver 21 Qertput ®ghestart of a ussts
the first result) 20 48. A traas~m ssion system conprising: a generator

for gener Fhérefbré)AllabEsiphals B0 tSSNK afe imjtidizedtohe logit hmdeeadvonmmgnmn§
reference having a slew rate bei ng about one-half of the cycle period o

t he osci l ' VTlg VB# €0 :ngﬁ@

PC T/ USQQ#@E’P%C &a&]{;ﬁg@ ﬁ%:e(‘;él;sp to ‘émgaenerg\glcg or t?‘%gﬁg mm%dti ng a
signal andthe oscillatin referencetoare ei v 49 A.net hod of
conpald Sighals G0 erPygtian Freiors g5 PTATRAL Pol s I T gAieS Brmed o

5 obtalnlng an OSCI||atIn eference and its conplenent rece|V|ng an
i ncom ng aridgeatce coongsiad ma"ﬁl}(‘ﬂ'ﬂ'lls $8v) popar mmunmhen@mdnml'ﬂymemwence
agai nst the inconmng signal to generate a first result; conparing by a

second copHpawp@s fdr'89 tarsighSFeare &d high t6 MOCrusigg i»i—clﬂﬁheltdévm 1618b€ a
second result; using a control signal based on the previous signal to

Contro! SRS 1R it 3o Wi Bl b SRR il P 855alts il R 1

si gnal .

differential signal to the receiver 210 output.

15 The fourth concept relates to signal change discrimination. As known by those skilled
in the art, the characteristic of a differential amplifier is to 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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the previous signal was passed as the output signal via the first
conparator; 15 the incomng signal is logically the sane as the prev'zgu.ﬁI
signal; and the control signal allows the second result to pass as t N 2002
out put signal. 51. The nmethod of claim 49, wherein the previous signal was
passed as t hwm?/48260 si gnal via the first conparator; the incoRCTSS905120

Is logically opposite the previous signal; and 20 the control signal

al | ow t he ahd s speed iy mucioslpwerns(based: dnomismatches énd naise). Sthe transitioning signal SN
transmtting and receiving a plurality of small-sw ng single-ended signals,
conpri si N@ihe‘birtput f thelditleréRfixl Atsdlifiet Bhd hvieftdf) O Showml attoted liang11503.NTha region

plurality of small-swi ng single-ended signals froma source to a receiver;

transmtti t kally 10 par b L Ver

pai of ol SRR b B e BoRRls YRl SV 1503 Wil ol Vo fER B0l
slew rate when the singe 5 ended signals transition; receiving the

pl ur al i t y right of bhedransitpaing signak SN lgﬁi wdabelads No Change:” A% ghayey when the
generating an output by conparing the signals and the oscillating

r ef er epcesignabdgesiniog tratilition) thip dmplifier 150t eednees wjugtuoiseewhichds indidated asen
signal transitions; and ,, 1 decoupling the output fromthe receiver output
Lermi nal, piuedhudiifle MY SO ol Of il i W arptifick Heacked 1R dndbieithiRid
52, wherein the source |1556(§8§31e2§h?g%t he receiver via a transmssion |ine
on a bus, which.is. t.er.mi nated at bot h_ends the characteristjc jnpedance
of the'tr &S0 LS0E s iR afterorml gap rion 04 oTHis EDRRf e Ad RatagB BT T
coupled to the receiver via a point-to ~ 5 point connection, which is

t er m nat etime gapoby: enshlingithe seenng lpgicziescrihed belowhtapass thei chapging sigpaktothe t he
source includes a block of a device and the receiver includes another blot
of the sapseileybtpunbrdioipiévent the\ihdsterminite sigahl o pasying. cByrchadsingproper The

nmet hod of claim52, wherein the signal has a small swing | ess than one

s an 205 St R Shsfion s istimd ) Qb Y Mlonif Spétal i metthg
L anemy L RPGRRMIR SeeLcER AR B o ) Angesrrub rssuaeil * ©

PGI/ US99/ 05120 58. The nethod of claim52, wherein the oscillating

r ef er enceindeterminattvoltageisignal dacs aotpase. Bwiliche appreciated thet sesp isfietermingtes 2

wherein the oscillating references have substantially the sanme | oadi ng.
voltage level can pass so long as it is less than the logic threshold of the XOR gate following

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 Iogic. 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 SSVIR, /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 signa.l-s- SO through SN to VCC couples the appropriate comparators 410 to the receiver
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60. A nethod of transmtting and receiving a plurality of small-sw ng

singl e-ended signals, conprising the steps of transmtting a pluralit f
smal | -swi ng single-ended signals froma source to a receiver includi rzéE 8%2002
conparators and an output termnal; transmtting substantially in parallel
fromthe soungg obgsdehe receiver a pair of o conplenentary osci Iﬂ@lt,bg%,o 120
ref erences having substantially the sane slew rate when the singe en eg

si gnal s tr gigii 470 befbRGRE WaR Gf tHchuRstl 'Fok aihansitiofing $idnal, AistbdtgOlogid 1550 ng

references at the receiver, coupling only one of the conparators to the

out put ternginal based an current, | oo . pal and
he" our r onBe A SaBee e E HeraRs IogRrKPRsd5a 1oiehl el el abRlBRC

ot her conparator. 61. The nethod of clajim 60, wherein the step of coup]ing
i ncl udes crefierenceanditbe sighsl receiver omtrit-aSince both the awplifed SSBVTR referenprand B
singl e-ended signals transition. 62. The nethod of claim 60, wherein the
step of cowpmlsitich addcthe delay Pathe f¢tl the gmplified SSY TR veferemaeand for Srdo di IKORNg

t he ot her conpazator when the single-ended signals do not 20 transition.

63. The ne cl-al i r 0. ﬁg% L&zf%gt
si gnal ha% res @;@é@@;@@%@@%{s §P§%sltﬂ£|s%1gﬁ.ue at g{ﬁg&’o{tft%@%er %?B

2 5 SUN 200 WD 99/ 48160 PGT/ US99/ 05i 4... The et hod, of, cl ai 61,tﬁherein
the conparBRtsagsitig F@W&w@ﬁég vidgh %PS coumle! 5yds-GoUpled; i thg other
references to generate output signals. d5. The nethod of claim64, wherein
the only ocmmpesatpni $iSowhich mes ot cauplidrig nowsseupleds Tiw signal receiver output daes not
node with the sanme noise imunity as differential signals when the 5

si ngl e- endgfingé, daa isadtivelydrive tﬁéico\:?r&awm@ﬂopisssﬁir&ts&,m%a@t vl
ot her cprrpa_ra?o_r senses the si %I e-ended signals in differential node with
ional s dgufered T tetinRlogle 1556 Biesifned IORES HIRE i Mine LAVt oL Bltbten,
source includes,  a bl of a devige angd the 1 o receiver includes another
bl ock ¥ tH Sh@gﬁelgﬁéén%?ﬁigpﬁlf&égﬁfe&@s@?ﬁ%ﬁ%é ¥%l |1 -up ternmnators.
68. A system c%rirqpri Si B: a cgntrol bus havin gdrrast-egr&end a&j a slave
end; a first reThs stearingdogichsidonepusingnansindividual exclusive-ORaloscallynthresgha fir st
reference transmtter coupled to the naster end of the first reference bus

for transnidnipafdioffor Afghet %@bﬂ,r&t& émkefgrﬁmé; adldfor itproViay inidgis or
a us

master end and a sl ave end; second reference havi ng a master end and

I - ) t
the second e SRS ThERERER-b et lec RS B HhIE AT BT b ppfiiork b
th , thjrd refer ¢t I Tt | ed .Sl d of th
Second T efROUBISEIgR BRIy SHTIE PRRE SRV BuAna SEVITE ls e e bgmal

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 roiccivcr 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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50 2 5 JUN 20C2 WD 99/ 48260 PCT/ US99/ CSI ZO a nmaster device coupled to the
master end of the control bus for transmtting a control signal Ont?i@ﬁ 2000
control bus, coupled to the master end of the data bus for transmtti "’a
first data signal associated with the control signal to the data bus and
for receivi ngouszeond dat a si gnal responsive to the control sPQmaissdbosIZ0
the data bus, and coupled to the master end of the second reference biis
for recei wottyansitibnisg, iy steeringslogic|datdouples dliesigmals fromythe tpnesenttomiparatos te thee
otter to detect a transition in the second data signal; and . a slave

devi ce colple?dofBaralt? 15 haMunaNA r&ifork e fBVE ottpst. MHe rieke @hnitih isipaiaitd @!

signal fromthe haster device, coupled to the slave end of the firs
reference bus for..recejvin nd using the oscillating.reference from.the
[Fret rof eptie b ftsapping (Bf TeRuaE Wi riina ol e SEERoR ARl
signal, coupled to the slave end of the data bus for receiving the first
dat a si gniimitsshe bandvddthwirithe time interval tol allowthe/next BaRsifen. rast er devi ce and
for transmtting the second data signal responsive to the control signal to

the master deviAzehowhdi'FIGD] 6;thd singlBendédsignalreceiverhiae differertihl aaiplifiencgatéd!s
for receiving and using the oscillating reference fiomthe second reference

transmtt RS LA O] i ﬂfiﬁ% ' |

syst em of B%F#ﬁ@%@?%%%fh@%ﬁ roff bus Figzs) a ???’%ﬂl% %%@ﬁ@%&tﬁé
bus has a,second,| pad. .. The system.of cl ai 9 ;A the first |pad
equal s t ht % Bﬁﬂ“q"ﬁéﬂ .Fzg'l'?A’ﬁﬁ% “é"ngErhaBF E’E‘F‘hﬁeﬂfaﬁgd Wﬁ%&dﬂpr‘é’f’?ﬁgad
is digerent than the second |oad. 72. The system of claim 68, further
conpr i si ntp the powendowm drreceiver enablessignal.nfurtherha pull-arptteansistoril§hs basibeanci at ed
with the control signal. 73. The system of claim 68, wherein each of the

contrul  bsupléd'® rode T08 bESHARE & VET atibsotiaie B8 PotveEdews B feckReer ence

bus has a termnal resistance internally at the master end and a term nal
resi stanc I . 1 113,68,
Furtndf o B Qi ab s Bhe et PSRIB VS, TR NAKD Rl 16KELBES aftefafa?
receiving a gontrol sjgnal fromthe naste evice oupled to fhe first

r ef er enc ealpltiers alsp achigvesthe corzect pelapity,pn %B]d‘Pé?’gP é%ﬂéﬁj@"lq

reference transmtter, coupled to the data bus for receiving a data signal
from and initiel conditiom i ta poesetSNXchigh, with SN pulled high yothe tenminationkesistance and
coupled to the second reference bus for receiving the oscillating reference
fromthe pgtapdevieé 6fi eiecsigial HA6 Had SSVIRAow abdeSSYIRehigh! The aéstof the retéivérer

conprising . a clock bus coupling the first slave device to the second

omprising . a ¢ _ T |
2 ol ocki reperiih SRR, dSR; e PR o o B QORI ot Be IT00Le

ocel B Ol ph LS5 L 2t 02559 9o b el ol e

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_u'ansmission 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 o;the lines and decreases the transmission speed. In the loaded environment, the
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76. A nmethod conprising: using a master device to transmt a control signal
via a control bus to a first slave device; transmtting a first oscillating
reference for.detecting transitions in the control signal via a firgt§ JUN 200
reference bus to the first slave device; using the naster device to

tcansmt a fi signal associated with the control signal_yj first
data bus to t“kéb?’?@ﬁl slave; transmtting a second oscillating PI‘&(@?%N&QO
for detecting I t:] [ ' ' [ ce
bus 1o ¢ hePpreRRite RSy 8 pe OF st bbr PASomRORA wit ofbgRag DeloEfy BETSTY
mast er device and the first slave device; providing a clock bus,  coupl ed
fromthe fFméns. dngayapplisatinr rFFmeF }Emﬁ?étpmtapmcamas
mast er device; and generating a clocking signal on the, clock bus to enable
_subst ant i akHhowisinRIG. aTcthe sighalteansitionftirse igrohioserato betabont2d tar 30% wif the Signahratee
first_and second sl ave devices. 77. The nethod of claim 76, further
conpri si ngg&pﬂ% bﬁge' )" jorPis' th 9535 0T tHe Signa rafeC ot
load to th iréslt atﬁgfe?)ué}n . ﬁejlstln%fﬁﬁ%g o?ﬁéclrég‘:dm 77, wherein-the first
| oad equal §.the sécond.lvad, 52 . JUN 2002, 79. Lhod of .claim77,
wher et 18 1 1aEYSF RS RERGLRT e 1 sigmals donR EypBOUEToh At ta J030of t isal ol e
of claim76, further conprising using the master device to transmt a
second dat wilkbejaprreciated gias theonext cyele, iwdhere thersignal pydata dirpetion is sevemeddeansberus

to the first slave device. s 81. The nethod of claim 76, further conprising

t er mi nat i ngerfufied WithoCloso 6f b efficiencyt Whereiths devicdsaireclose fousach bitfer bihd e bus
data bus and the second reference bus with a termnal resistance internally

at one end : t . 10 82. A nethod, conprising: 15
se‘i‘mﬂ%tﬁrﬁg%?ésk half it e Bﬁ@arlgﬁﬂbu

receivijyng a co | "Ssignal via a co s froma master device;

receiving a fir cillating reference for detecting tragsitions.in the
control signal ﬁ%qisﬁ’%?m t&m&w&cgyﬂmg tgaRIinang, 5|
associated with the control signal via a first data bus fiomthe naster
devi cel0 armtsigtanescintsrallypsinggroundedcgaté Pichanne) devites; bigheperformencepninttg point
transitions in the first data signal via a second reference bus. 83. A

met hod, cogRtehdsicas be diilt as’showh (N FEGOPR3B\Oriéimdlly fidotfiotatidpAeiminking tusistmcas

master device to transmt a control signal via a control bus to a first
sl ave de"i&&}nk{eﬁﬂ:%rﬂe&{lk Uped o b&?%&%&h@%@ﬁé&%ﬂg&“x?@é Cie;
transitions 1 n the con r%l S|g{r?a‘1:§ via a T1rst reference bus to %e fllgrglg?

sl ave devi ce;. usin mast e device.tqQ receive a fjrst, data signal

r esponsi vePSHbIRHE SR fis 8als g RrehAAnEl devipqs an the FATSTLICF Sidhfq FABes Hecugea o
device; and using a master device to receive a second oscillating reference
for det ectregejrad-indischarging tha signalsilines to thadasissdyvaltage. Both the CMiandther ence
bus fromthe first slave device. ~j 84. The nethod of claim83, fw-er

conpr i Bi ngnémphydongoler have P-¢Haatel iternifistingodévicss whise sizesundy d2 Rhysendo equal
second load to the first data bus. 85. The nethod of claim 84, wherein the

first 'zoa%gghﬁﬁ&cﬁﬁac inipeditite 0P AL line when their gates are at ground potential. The gates of

the P-channel devices use a signal which isa complement 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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86. The nethod of claim84,,whenin the first load is different than the
second | oad. 87. The nmethod of claim@83, further conprising receiving JUN 2007
second data gignal responsive to the control signal via a second data
fromthe first slave device. 15 88. The nethod of claim83, further

conpri si ng t ewoiowas26mg each of the control bus, the first referemesddnsizo
the first data bus and the second reference bus with a term nal resistance
'~ ~ i nt ebe-sedyupatheGiigntsen of pins oft tieeCPYI day betreduced and the RBSRABE caflte met hod
of claim83, further conprising providing a second slave device between the

master dev é‘f“?{!&pﬁ“ﬁ‘%é\"ﬁ&*‘?{ﬂﬁe Seéﬁigxezs%%g bsti Ng a clock bus coupled

fromthe fi ave de ave eV|ce|nturntothe

mast er devi ce; eratin cl ock b
substanrially sﬁlﬁl@a&'@&ﬁ§sy |l&088?‘"§‘§ Iaef {°ﬁ§ Yﬁcfsslllﬁ( %Di{é‘t@nﬁgﬁ
“slave devices at the master device. .- 2 5 JUN 2002 ° WD 99148260
PGT/ | JS99/ SBRAM 60 DDR SRAMS) whmmxgnds atg regcivesi simulaneayslyt rldie sysigmeglock bus:
control bus froma nmaster device; receiving a first oscillating reference

for detsectigp stdrisTedrhialécki sduicdq 9t @t thelend bﬁﬁéﬂlte‘th@m%nfdry eéntfellepn 908,9s bus;
5 transmtting a data signal responswe to t control signal via a data

bus  t0 t he, RSt et A9V hefeesdBty B0 B B55HMeRS6 hd s RB0! BT ence

for det ectlélﬁ ons’ i | nal- via a second referehce bus to

bus por . BFRIRLE a4 10F SHEHGTY SRR tpﬁﬁazﬁa&aéﬁa'stqpriae%ci:wai e

port for transmtting an oscillating reference; a first data bus port; 15 a
second r efthe kadingtnnsthp data; ouspus end the: SS?!’HIkané/&Sr\éFRhitfcmc&sodeélﬂbeo t he
second reference bus port for tiransmtting an oscillating reference; andfa)

mast er de\elpge FecftsPhatthe Aidck 2ak BE Hiffdrertiab (pReferablP orlsirpléBhddd diperdifg MpbR the

si gnal control bus port coupl ed to the Tirst data bus port for

he 1 Pst R A §rfniRtaR Sﬁé* %X@h#lﬁﬁss. [ finiBe BTSeV IR

to the contraol signal fromtheflrst dat a port &'scoupledtothe
second r efaBA4PRY¥ haye a simjlar receiieri g mrgda ¥i Wﬁ&%‘i’ﬁhaﬂ%
reference fromthe second reference bus port to detect a transition in the
second datbas 4P20isl matshed with the-trede (ipzh vithe SEABIRDand /SSVTR1 references. The

clock source 1915 introduces SSVTR1, /SSVTRI 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 /SSVTRI, having the same timing and voltage
20 characteristic but of opposite polarity, at the receiver end. The DLL wouid reproduce the
clock in all components (including the controller 1905 and DDRDRAMSs 1910). The
controller would be aware of the cycle in which the data and the SSVTR1 reference is

predicted to arrive. Afier a write cycle is initiated by address and command signals, the
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PCTNS99/ OGSl ZzO 92. The system of claim 91, wherein the control bus port has
a first load and the data bus port has a second | oad. 93. The system of
claim 92, wherein the first |oad equals the second | oad. 94. The sy2t5eJHNoa‘002
claim92, wherein the first load is different than the 'second |oad. 5 95.
The system of claim91, further conprising a second data bus port coupl ed
to the mast erWOSMIBI0 wherein the master device transnits a t hiPET/HEPH05120
si gnal assqgi ith the control si to, t he, second dat a.bus, o and
recei ves aDB@S M%ﬂ@%@%%@lﬁﬂs%% inpyt data is Bofneto ATy ¢ gates
second data bus port. 96. 'tee sYs~ of claim91, wherein each of the

cont rol bushedSSVTR Insighsl oaty whércthe signabismegded hyothe particulat gomponentp dhe addoess
t he second reference bus port has an internal term nal resistance. The

_system of %@E&mﬁﬁndwe%sgibﬁ 8 With SSPTRU @nd ¢SS WER0.0 The @ddress aftPeontrol

control bus port for recel a‘control signal fromthe master device,
couplod to,the first reference bus. rt. for recejyi fq cillating
ref erence P%quqnlﬂ@ %%P&?E&Sﬁﬁakm h’é’?"‘g‘é‘ﬁ’&gﬂgﬁﬁ?’& Q{Oﬁé& ﬁe? st data
bus port for recei“vi'ng ‘@ first data si anal fromand transmtting a second
data 155si GRRDRAM$ 1914, <Ther1 Ovbit command @nd gddressdis sentiin as 3 cihepnmppd apd an
bus port for receiving the second oscillating reference fromthe second

ref erence BrhitwdtinéssThe 2-bijt cBmahidds dynd bysifig /(CRand AVAS fonronk signabomp thestwrg  a
cl ock bus port for receiving a clocking signal via the clock bus port from

the slave gélgés%?ss%no%nﬁy/ggmo ARG btiel SignAFof/CH2Y hA® WY STHRY-bit gﬂdfééé ot

ref erence port; a data bus port; a seco reference bus port; 5

JUN Z002 WD 991 48260.PGT/ US99/ 05120 a first referen ansm i Ler. _cqupled

to the secBREVPEFEFSENES YRS g(h“t" mwﬁﬂé'ﬁﬁﬁ%%‘xﬁf&%ﬁ?@ﬁé’f@%ﬁé%é
to the second reference bus port; and a first slave device coupled to the

control busf gnmniapd blaskaiddiessjoccurring with /CEgnd/Ca8fox read eyrles dhe wite gyele is
coupled to the first reference bus port for receiving and using an 5

osci | | a§ i ngonecivith 28 bits bf esTuinhant blsdk dddfess aathdCBYCAS ahd Y'WEIeSSVYTRO and
tt~nsition in the control signal, coupled to the data bus port for

receiving AdiRd o3 datithiRle i IR0sHs Clobk ﬁlang%aé?akg%ﬁﬂ%ﬂmémtogs

data bus port and rtransmtting a seco ata s sponsive to the
control signal .to.Lhe data bus, port, coupled. to the s d reference
bus port f&"?%éeef%%qm i tsféng]g’glﬂ &F@M%ﬁ@?ﬁf‘&ﬂ “%'gctBnd
reference bus port to detect a transition in i o the data signal. 100. The
syst em of lockithe dock fipquentynin the meprary sontollerJ9P$ foramrigus internal pposesdtordyive
data bus port has a second | oad. 101. The system of claim 100, wherein the
first | oadthe@aginsardiadadéRedsipmasdifng reild eequests,cimdabd deive datalif )SSSWIIRi1aind t he
first load is different than the second | oad. 15 103. The systemof claim

99, fuyd he;smf%&ime?ﬁ%rgﬁgnd data bus port coupled to the first slave

device for receiving a data signal associated with the control signal

and for transm {£100.a LONAN 021 &, 03! k0TI oSV 1) 5u B didbect udR? -

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 on a

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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104. The system of claim99, wherein each of the control bus port, the

first reference bus port, the data bus port and the second reference ﬁ}u L.
port has an external term nal resistance. 20 1 6. The system of clag g,
further conprising a clock bus port; and a clock source for generating a

cl ocki ng si g@g) 9ofaksed t he cl ock bus port to the master device. permsdobsigsN
2002 WO 99/ 48260 PGTI US99/ OSI 20 106. A system conprising: neans for
transnittijigalfy Sed ol bi-dirediinal/iignas dighalf)terniifa® ol the toritralle? efl@ WittPan
means for transmtting a first oscillating reference for detecting

transitions,in,the rol Vi ey f

sl ave devi"&‘eﬁ;m’s0 Tan sg‘;%'ﬁl ans%ﬂ?Fﬁwﬁﬁgﬁeéﬁgfggmaggoggap%h
the control signal_ via a first data bus tpt}peflr sl ave devi.c %d
_neans for #ppeRistedithatntp seduceRawerdhe tarmaRatng ¢ef7an e syvitchad o
transitions in the first data signal via a second ref erence bus to t he

first sladarifgiendata Wfife cytles yEiecteymination os thegronfroliemsideis opticnalemdimayibe a
control signal vi a a control bus froma master device; neans for receiving

a firsg 5, gﬁgi.%l ktaf {%a?&&bf%méeaﬂéiﬂw@%emnw&hsfe%&p'

si gnal erence means for receiving a first data signal
associ at ed vmththe co trol si via a first data bus fr the r
Govi e aEPEITRED R AV B OP gt TmBaH FRRAIERE AP EFeF ERAY SFBUTRES BY an
detecting transitions in the first data signal via a second reference bus.
108. A sysxismal msistariat thependraf shestransmissiomiing. t Then{8-bit birdireetiona] databugi a a
coatrol bus to a first slave device; neans for transmtting a first

osci | | ati peeferablyroperatesf thekenraréqugndy snthe system clotktfoesydwhronidatioh and gnal
via a first reference bus to the first slave device; neans for receiving {a‘}

f t dat
! B AR g DR e

PCT/ US99/ 05 cei Vi n eco d,osgi | for

det ect!PngOf iégﬂﬂ"s §;s lsft?lfegt &ﬁ& %5%@83&%@@&%‘%
tomthe first slave device. 109. A system conpri si means for receiving
a cont r ol duingnysgatesianddinednioak comparabiaio SSYER1 and éﬁ)‘if\g tR1. Thisdoad balancing

receiving a first oscillating reference for detecting transitions in the

control spfRked the sRwerafes/sihilireindatiows simifir nagins foodll sigaals"WHenrtdgierdat a
si gnal responsive to the control signal via a data bus to the naster

devi ce; Q‘E;’“EE AN
detecti ng tran5|t|on I'n ¥E b%ésr%g?gl%g%gna g%alhpqgjeggng %grence us Sto
the mast ot Bf)\ﬂﬁlfAM ’s are used with a single memory controller. This configuration allows a 4.5

3

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 SSVTRI1, /SSVTR1, SSVIR2 & /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 frequency for
ease of testing and useful with existing protocols of synchronous DRAMs and SRAMSs, 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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bxytoje [V] ﬁég’?%ca] ca] ca] c<a] ca] ca] ca] ca] ca] ca] cal ca] ca] cal]&abgg],&a cal

cMaJcalcalc Nalca]cMalU calc alJcRalbU c

75 o AN LI G s s <o o

]$CEC;]Q(r:1aL5Ji*g| wr mhb] é(S a\Vj e] cal cal ca] c"a] cal ca] caj ca! cal ca]iclgp.tg]kﬁﬁ] %a}oC?U] cau
H1""e"" #z##0$$$$U%?/&zupkf a\ Wa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
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h))) (***++S,, AL 1T Q I {vgl £° [Vc] ca] ca] c”aU] ca] ca] ca] ca] ca]ca]ca] ca]c

Z} 22} 22} ga’%‘g ]%’S‘]@ Wﬁfﬁ%ﬁﬁﬁ%‘?ﬂ%f@%“c‘fﬁ'ﬁ%‘%ﬁt Sheabovedesaribed < ysvss56
S il i

: ; <k <<<@although thesystenm/and WWHM@&M@W&&?U&B]M/M] ca]
ca] caj ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca UV] ca] ca] ca] ca] ca
==>>N>(>>H 5t APt FI0TERR VIR 288 'dde skilled in the art will recognize that one reference
DDDI Ezupkf a\ Whi d”*Xkf a\ W] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalU calca W]c

0] onal ca]a cgﬁﬁ%ﬁﬁmaﬁﬁwﬁ o eoE VL 40T 9% PRiPRAe b0
]C]zg}/g;]gg]ixc ]Ph%'] g “&?&ﬁf«?&?‘&%ﬁa&ﬁ%‘]’i@? _ca] cal CE! %! éé' cal ¢ g! caj ca! caU] caU

WAKXXXX' X6X{ vpkf a\ W] ] ca] ca] ca] ca] caU] ca] ca] ca] ca] cal ca] ca]ca] ca]ca]ca] ca]c
a] ca] wa] ode]vm’feat}gat]:s;a:]ma!wa]m&l}] bettfeda [Compomients o thix inecotivZ piay by [-\\\: ] c]

] /\C/\/\

| woke_Zkiaidphdrted Gabj & 9HM%MW@M%@MJ&&W&@A ca]cajc

a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]caJca]ca

] gawaéga @I@ %Cauﬁ%fga%?aﬁﬁgm ca%?]lﬂ[i B?'l’g%} cgﬁLJ]ﬂ ool
o R e s s s e

] ca] ca] caUl ca] ca] ca] ca] ca! g[ rrsiss% ttuUuuvhvvvvvvPwwx\ xxyxyy*zzz;

{{{9] { vl s predept inapntidrcia limiied antyaby thefallowingadlaiaisc a] ca] ca] cay caU] ca) calca
]ca] ca]ca] ca] ca]ca] calca]ca]calca]calcalca!9|||?}}}R~".=

| ~6P[ f { vgl gb] Xa] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! w} d#} AZj ' ?TWZ{ uoi c] WR{ vq] cal] ca
U] caU] caU] cal] cal] cal] ca] cal] cal] cal] caU] cal] cal] cal] cal] cal] cal] cal] cal] ca
] caU] cal] ca] caU] cal] ca] ca] ca] caZgj vi@HXbhuH{ vgke [ Va] ca] ca] caU] cal] ca] ca]
cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] c
ajc(a]c(a! =9ASn

UX[ ht . ~9Rzupkf a\ WA] ] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] caU] ca] ca] ca] ca] ca]ca]c
aJ ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca!dq(ES d;

C. NPzupkf a\ Wa] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] caU] ca] ca] caV] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! U9T;

KXer %y5A{ vgl gb] Xa] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca] ca]ca]ca]ca]c
a) caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *0=I WN uzhh#~-03@.{ vgl f a\ VaU]
ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] caU] caU] ca] ca] ca] ca] ca! L[ dDBPb: JO E{uoj d_ZI f a\ VaU] c] ca] cal] ca] cal] cal] c
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca] -
cal] ca

n0O>SN J gW-yt oj e [ VI f a\ Va] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] cal] ca] c
aUy] ca] ca] calU] ca] caU] ca] ca] ca] ca] caU] ca] ca] cal] ca] caU] ca W *Pg" % 16BPol

"t Wyt oj e [Va] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal] calUca]c aU]c

a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Wk4NQTbn~: R$~9s% upkf a\ W4] ] ca]
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2. The method of claim 1,

wherein the step of comparing includes generating a first result; and ( )
10 further comprising the step of generating a control signal based on the previous signal
for controlling passage of the first result as an output signal.
3. The method of claim 2, wherein the step of generating a control signal includes
comparing the oscillating reference and the output signal.
4, The method of 3, wherein
15 the first result manipulates the output signal from the previous signal toward the first
result; and ]
the step of generating a control signal includes comparing the oscillating reference h
and the output signal while the output signal is still logically equal to the previous signal.
5. The method of claim 3, wherein
20 the first result manipulates the output signal from the previous signal toward the first

result; and
the step of generating a control signal includes comparing the oscillating reference

and the output signal after the output signal logically equals the first result.
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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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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 resuit.
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 . )
attriburtes. - 3
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 substantia;.lly 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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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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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
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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receiving the reference and the new signal, and for detecting a transition between the new
5 signal and the ;;revio;s signal based on comparisons of the new signal and the previous signal
against the reference.
31.  The system of claim 30, wherein
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 resuit 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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signal while the output signal is still logically equal to the previous signal.
5 35. Thesystem of claim 33, wherein
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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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:
(8  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;
(i)  a first 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
(c)  asecond 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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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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transmitting substantially in parallel from the source to the receiver a pair of
complementary oscillating references having substantially the same slew rate when the singe-
5 ended signals transition;
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  transition.
53. The method of claim 52, wherein the source is coupled to the receiver viaa
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 voit.
20 56.  Themethod 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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59.  The method of claim 52, wherein the oscillating references have substantially the
same loading.
5 60. Amethod of ;ransmlttmg and receiving a plurality of small-swing single-ended
signals, comprising the steps of:
transmitting a plurality of small-swing single-ended signals from a source to a
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 signa.ls 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
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.

—_
Y
L}

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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transmitter to detect a transition in the second data signal; and .

a slave device coupled to the slave end of the control bus for receiving the control
signal from the master device, coupled to the slave end of the first reference bus for receiving
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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75.  The system of claim 74, further comprising .

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

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

simultaneous receipt of signals fro£n the first and second slave 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 tum 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 slave 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.

52



£ 1109Z8& () - $f &109Z& ()-f109%Z& ()- (10%Z& ()- 10GA44D5556dE:/ 10G3
10972& () --1097& ()- @0%& ()- sMO%Z& ()- @ 109%Z& ()- 109Z& ()-

6TH66) 7| 77dE: / 10Gy&10%Z& () - L$! 10%Z& () - 25 JUN 2002
"21092& ()-f10%Z& () - 109Z& ()-" 109Z& () - 77&8w889. 9aB: /

10G3109Z& () - 1: 109%Z& () -/ MbL09Z& () - nd- -

1092& ()-! $(294092Z& () -: (Z9409%Z[ & () -: . 999999992: b@

10G , y§ 10PXX&'Th method 0FRaifn 77, WhéreirDiFe first load is different than the second load.

10Z° <1098’ () 07|v|10%z& ()- &610%2& () 2: N0 w be@ 10G 10%: () - %10%&' ()-m
%4.0%& () 8?1 od J,f) {d‘r@ g Ui eER@ device to transmi
10G MLOY&' (- s SOk 55 “109%& () - ransmt 8 =>P>dEb@

’} 2(130 3&1 (();/& gg;(ﬁw ) gfsgggéw/léx)i@: g%%aé %l_a a% g‘dét)i bus to the first slave

&EMLOYE () - : &6MLOY@E () - : 3#10%& () - YIGLO%& ()- sf/

109& () - mievieR28@ @@AIV7/ 10f - 109G& ()-F F109G& ()- 1096G& () -
FS1096G& ()-!1f "109& ()-, &LOYGE ()- 10@A{ AAAB"Ba?7/ 10! 1smLO%x& () -
310%G85() 81, " TROREth) of LABRTE, furthenchifpfiting Yermigating4@th of the BBEGI G e/
10! 1(3940%G & () - y& 10%& ()-LSL0%GE ()- " #1098 () - MLO%ES! () -

" 10938 () fitsh baadobitde E\Aﬁ@ﬁ?ﬁmm{aw Q04 3He cdcond Fedérénse bhs with & @atnaf Yesistance
f/Z10%68" () - & S10%&" () -* "10%&' ()- WEZE{ E| E} EEEWFF~] < 10 )10% & () - 4

L) gl i MRS, 1001005 ) S

) 10%4: 4&' ()-4 ~ )10% Tr& ()-43XJJIIIIIZKIA? 10!! Sy "10%&' ()-9' 10%& () -
10<

10

82. 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 w1th 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.

83. A method, comprising:
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in the first data signal via a second reference bus from the first slave device.
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84. The method of claim 83, further comprising applying a first load to the control bus {“)
10 and applying a second load to the first data bus.

85. The method of claim 84, wherein the first load equals the second load.

86.  The method of claim 84, wherein the first load is different than the second load.

87. The method of claim 83, further comprising receiving a second data signal responsive

to the control signal via a second data bus from the first slave device.
15 88.  The method of claim 83, 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 L)

internally at one end and externally at the oiher end.
89.  The method of claim 83, 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 sec_:ond slave device in
turn to the master device; and

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

receipt of signals from the first and second slave devices at the master device.
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device; and

transmitting a second oscillating reference for detecting transitions in the data signal
via a second reference bus to the master device.
9]. A system, comprising:

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;

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
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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control signal to the second data bus port and receives a fourth data signal responsive to the
control signal from the second data bus port.
96. The system of claim 91, wherein each of the control bus port, the first reference bus (—)
10  port, the data bus port and the second reference bus port has an internal terminal resistance.
97.  The system of claim 91, 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.
98.  The system of claim 97, further comprising a clock bus port for receiving a clocking
signal via the clock bus port from the slave device.
99. A system, comprising:
20 ‘a control bus port;
a first reference bus port;
a data_l_:us port;

a second reference bus port;
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5 oscillating reference from the first reference bus port to detect a transition in the control
signal, coupled to the data bﬁs port for receiving a first data signal associated with the control
signal from the data bus port and for transmitting a second data signal responsive to the
control signal to the data bus port, and coupled to the second reference bus port for receiving
and using the oscillating reference from the second reference bus port to detect a transition in

10 the data signal.

100. The system of claim 99, wherein the control bus port has a first load and the data bus
port has a second load.

101.  The system of claim 100, wherein the first load equals the second load.

102.  The system of claim 100, wherein the first load is different than the second load.

15 103. The system of claim 99, 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.

104, The system of claim 99, 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.

20 105. The system of claim 99, 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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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.
108. 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

-—

58



" #$9& ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

| "#$UR' ()*+, -./0123456789: ; 75 JUN 2002
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ]| ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

RSV () "+, -wibBdAgRe6789: | <=>7@AB PCT/US99/05120

means for receiving a second oscillating reference for detecting transitions in the first
data signal via a second reference bus from the first slave device.

109. A system, comprising:
means for receiving a control signal via a control bus from a master-device;

5 means for receiving a first oscillating reference for detecting transitions in the control

signal via a first reference bus;

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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