; €3elUIPPUARFS~-T6TTU i ?W O 02/ 23550 PCT/ USOL/ 29383 APPARATUS FOR

| MPLEMENTI NG A BUFFERED DAI SY- CHAI N CONNECTI ON BETWEEN A MEMORY CONTROLLER
AND MEMORWQW2AskdsS 5 FI ELD OF THE | NVENTI ON The present i ianide9hodsg! at es
to menory systens in conputer systens. Mre specifically, the present
invention relates to an apparatus for inplenenting a buffered daisy chain
connecti on bet weEPARATHIOFOR CRL ERIENIING Y0 BUERBREDMASeSHAIN BACKGROUND OF
THE | NVENTI ON Menor \}CORNBEENBETWEEN RMEMOR Y CONTREOLIMVERDr Yy Modul e (DI MV)
have beconme a popul ar nmenory 4D KEVORYdEML.EPI MV are snal | printed
circuit boards nmounted with a plurality of nenory devices. DI MV have | eads
accessi ble via both sides of a printed circuit board's el ectrical connector
“unlikeits pﬁedchessor the Single In-Line 15 Menory Module (SIMM, which

has | edds BBELBAIE, THEINVENLIQN the printed circuit board s el ectrical
_ connector. DI N?ﬁ‘ are itpselgtlt e;o_le zimgsttg seqraolrl Ss&g}%eﬁt Ogjgrel?(lactsgers h/?oat are
sol dered onto Fgﬂ'éé‘r rBFl it éd & T A hea S OO th &8 ¢TOTA pl ural
number - of spsaméamy,rmgy.le@eat RV&HS Haldoto b BiadhlsodinpRfdchinCOMRALEd to a
menory controller via nulti-drop connections to a nmenory bus that is
coupl ed t alatshehiie o@myctRindetwetn & MembB Aol Bid Béhey modhies.20 menory
controller transmts and receives nenory data via the nenory bus. Each of
the nenory nodul es includes a plurality of nenory devices nounted on the
nenory, modul e. I.Ge pically are Dynam ¢ Random Access

I\/Ermrym( an end on view of a conventional

AN L..=.!'I 208 Th t Nl
rerory modul es MASHRHRET e EREP DY RRYE oty b RN ECE B
menory devjefige Z2pQRIAMMAAORCERIRUE R BINIbIs atlsHil DAl RiMMPpEAs t he bus 310
to menory devices 310a. St'ub 3I0b connects the bus 310 to nmenory devices 21
1b The st ulounpddrvaichikcESrattyed pasiotyi deeick0 dolMNIs BovatidadsiadeeRiblet via bdike sigésgnal
being carried to the menory devices 211 a and 211 b by the bus 310.
Fur t her norof a printed siredisbadidisetecirigal commeeior unliketits @redesesroy thievingle-lwine hout  any
i nternedi ary signal conditioning WO 02/ 23550 PCT/ USO 1 /29383 i ncl udi ng
a vol [@ge Yi¢raery Medubi SIMMrefoliag Ieads reprly et de Flf]'infeéét’?‘i}t%@@ﬂﬁect ed to a
menory bus,Via | ti-dr tions t. e i V.0 | evel
a0l at i on telfalinbiedt SRR TRt bl Mo iEhibeloh B8 IR L SV
of vol t ageputePlafe} BintetPERuR Bbar® @K Hothefbod@l IP@II')-IGI%.I Hﬁﬁﬁ@?@f’}n&ﬂ@r%‘ﬁ@dhﬁge l'evel
of nmenory device inputs and 5 menmory controller ou@put.on t he one hand, and
menory devir€asually Ppicalladitbciieemnscteian b imehioey cantrplldr v iaahuitikieopadohsectiband.  Thus,
in a systemin which the signal |evel of a menory controller is belowthe
menory dewp e megpmriesshailiscopplpg e, the mempwyrsisieyp ! devneasorngantrobest Thecogni ze
inputs, and nenory device outputs will exceed.the safe operati | evel of
e refor IS CORTAEY B s RS Bl LS H G A DEF P BB R ELhe ot y
modul es di i . A t - ions is
t hat theréﬁﬁﬁ&k#(’?ggg&%ﬁjg&% ;fl@g@y%@?@%ﬁpﬁdﬁ?géét@%wdt net rrﬁ?r?w rogfebus and

the ”Em)rWlﬂ@ﬂérﬁ&?d@\%b%itybﬁlzag?%ﬂ)ypﬂméi@ﬂd&ﬂ%c@ésé PRmbRADRAMS! ower than it
woul d be without the nmufti-drop I'ine capacitive | oad. Another drawback to

menory nodul es RigugpB dbistraesanrpdron yiew ws a voreventicht i mdti-opophbutdgreteenens i s
that the peak data rate per line on the nenory bus is smaller than it would
ot her wi se hemggcausmicr hid aiil sroriemalart megoryrnagules 216-2HoiThe msnerhbise an

i npedaqnce that increases . with freguency. Thi wer peal s ta rate per

| he” e kb Zomeginas Sf oie bbmonat bRAoa s HrohdE iRt SR H oA henory

modul e f Orcoﬂ&%its\émi:ﬁﬂﬁlcmglgﬁﬁ dwwsq'»l@&. @ngly\@ﬁ)% cgl‘?net:@ 'ihe‘%upgi(mo' t o- poi nt

connecti on. cording to an enbodi nent, a nenory nodul e i ncl udes
a menory deymhé&® denees®11b. The stub introduces a capacitive load discontinuities to the signal

being carried to the memory devices 211a and 211b by the bus 310. Furthermore, the

stubs directly connect to the memory devices without any intermediary signal conditioning
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junction circuit. The junction circuit has a first port to couple to a bus,
a second port to coupled to the nenory devices, a third port to couple to a
second nmewqsyy¥egul e, to send data received fromthe firstpda9ndeiheshot h the
second port and the third pout, to send data 25 received fromthe second
port to the first port, and to send data received fromthe third port to
the first port. The junction circuit includes an isolation circuit to

provi de a ipdudieg & woliser Henstgamect | drfiravbacko memery mednles dirmstly peanedied d port. 2
WO 02/ 235S0 PCT/ U 1/ 2938 Rl EF DESCRI PT] OF TH .The present

i nvent i on%g"]ef]]ouys ¥ thae'amng %P”Bffm@%fﬁﬂﬁafaggﬁds Hote %%[;WAW ISQRUPN i tati on in
the Tigur a3, 0f, iGna6& W&watchthg{n%WoBgcﬁ)n{rglle\fmmlggcéoF \{(ﬁ’t’déeeltsﬁato% a bl ock

di agram of a conp ut er stem | ement’l n an e resent
i nvent i on;dokd @i perndt 4 VdridfderRivesn me%meye@y&txﬁm&pumc%dm@ﬂs gndot her board

~according to an enbodi nent of the present invention;, Figure 3 illustrates
an end 5on ménawy obntevlleommmt snahabnernahd, |andin"(ap10r}cﬂmvlcmgutbmt wekneraory0 nmenory
controller and two exenplary nmenory nodul es; Figure 4 illustrates a bus

routing aﬁ@nwlbrﬁ@t'tsmélpea@lgﬁl hed. Jhlfﬁeﬁb?§N5t§9’s‘ﬂé‘fhlcé%éh%$$ﬁah@w@f%uI enbodi nent
o o el SR EOU T By R oy Si s e o BB Bl W e
i1 ustrat g, ?ec:g@ﬂ%%% ts §X§&§Hbé@? &de‘e@\kﬁ%x@&d%@&ﬂ'%ﬂﬁ%véﬂaﬁ present

i nvention can errente erring to Figure uter system

100 i ncl udﬁ@mamgfyczﬁﬁ@@lw o.lé)aoubiaatjpgr ocesses data si gnal S. The processor 10l
may be a conplex 20 instruction set conputer (ClSC) m croprocessor, a

reducdd® i nst r uctnother @eWbmmq)mbmmg n(d@lh@@)iumtlgrconmeanr@stsamenmryvbrsyvnd_ong
instruction word (VLIW m croprocessor, a processor inplenenti ng
conbi nat i cmu bfdrqmr@w%fpwﬁﬂ@ ere isgjo caparitive Jpaddedion berwosrcige MEltgdipR 1 shows

G NCE N R T IR R
(o1 0 o A SFRLASs B TR gt m e 0 il (Lo processors T
transmts dat a sgiogRprlawbak WERBMBIyISEH &Y bolplddko A RENRIRE via multi-drop
15  connections is that the peak data rate per line on the memory bus is smaller than it would
otherwise be because the discontinuities on a multi-point bus have an impedance that
increases with frequency. This lower peak data rate per line places a higher floor on the
number of pins connecting to a memory module for a given signal that would otherwise be
for a point-to-point connection.
20 SUMMARY
According to an embodiment, a memory module includes a memory device and a
junction circuit. The junction circuit has a first port to couple to a bus, a second port to
coupled to the memory devices, a third port to couple to a second memory module, to send
data received from the first port to both the second port and the third port, to send data
25 received from the second port to the first port, and to send data received from the third
port to the first port. The junction circuit includes an isolation circuit to provide a point-

to-point connection to the first port and the third port.



conponents in the conmputer system 100. 3 WO 02/ 23sS0 PCT/ USQL/ 29383 The
conputer system 100 includes a nenory system 113. The nenory system 113 may
include aygypasesg random access nmenory (DRAM device, a sypehisensuss direct
random access nenory (SDRAM device, a double data rate (DDR) SDRAM a quad
data rate (QDR SDRAM a D3DR SDRAM or other nenory device (not shown). The
5 nmenory system 113 nmay store instructions and code represented by data

signals that may be executed by the processor 10l . According to an
enbodi rrentB\E E Q(‘R 1]|Lrhe the nenory system 113 conprises a
plurality B iiciiicimamii rtrayed in Figure 2), portrayed as

an exenpl ary tgrregrﬁg@mwntgn%hm,ateg%gkwiag%m&ﬁq I 1&95'1!%/ agﬂatf%m% ﬂ&ra' ly

' operates as a ter card inserta to a 10 is
connect ed ih ehetfiaBres 6NBY hedompaiSigedvkaBs inAvhidhi dge rrermry controller 111 is
coupled to the CPU bus 110 and the menory 113. The bridge nenory controller
"1 11 disrects d&tgaresi grdllekd@gese tdmppeoysssompldieptitgw embudimgnifst em 113,
and ot her conponents in the conputer system 100 and bridges the data

si gnal s bebgRiENtiRENEPY bus 110, the nenory system 113, and a first 1/0 bus
15 120. The pr CesSSp pry,controller 111, and
menory system % 'é'”%“% tahré?mo&ﬁyé#eg ’P"””ﬁ%iuoﬁ’?aéanﬁﬁg%g{%%ﬁ@w Eidtther board
and are C(%Hbggl;ﬂe}ﬁegthgﬁgﬁr]{lgqenq‘gn .as the conputer chipset 200 portrayed with
reference to Figure 2. first I/ O bus 120 may be a single bus or a

conbi nation of Fraute3 plusrddssAend ASviam ofX edfipbiiondlhgulfi idicptrokt{n@ bbw&en 20 may
conprise a Peripheral Conponent Interconnect 20 (PCl) bus, a Personal
Conput®r  Memmry c@éotied and éwn excnpieay massyonatiesn (PCMCI A) bus, a NuBus or

ot her buses. The f| rst I/0O bus |20 provides comruni cation |inks between
conponents in echihysitasss W%t%’ﬁ?&@@ wipngwpolegk fog 8 Hreper welem21 i s coupl ed
to the first I/Ob controller 121 links the conputer

syst em 106°t%5414e r?eat'\/%?:‘lq?gme”[‘j%frrg%?' Sreém ‘ﬁe" “%hown in Figure 1) and supports
communi cati on @gﬂf&gs ﬁlhﬁ(r)d?«% ghrﬂ:ﬁ& crﬁug%ccg'rcﬁrphﬁ d@ﬁr‘ﬁb&ﬁrewtﬂ{e%és@rﬁ 122 is

coupled to the rst 1 di'splay device controller 122 allows
coupl i ng qfveatish.spl ay devi ce (not shown) to the conmputer system| 00 and
acts as an interface between the display device and the conputer system
100. THe 4 WD 02/2350 PCT/ US01129383 di splay device controller 122 may be
a nonochraone displa ada ter (MDA) card, a color graphics adapter (CGA)
card, an dapt er (EGA) card an extended graphr cs array
(XGA) card or ot her t{) devi &e gtontlF)B &re rTrbe? éjr 0§l ice may be a
tel evision set ! B4CCOHHHE arrBﬁ‘P%'S’ YEN P at® ]an]ef o Ihi%ay” r eher di spl ay
devi ce. Trb‘?eséntqﬁ\%muﬂycaQ%¥'uﬁﬁlerﬁ@rﬁ@d \f@?enq%l% F‘?éugé"f’-lt& (forrﬁametr E!}%temﬂ)@essor 101
through the display device control displays the informati on and
data si gnahaudeeaph;eess&erorolﬁatbfbees@ﬁmamtsghals.yﬂhee;ﬂbé@@r 1N mbyleoa coaipidxa 123 is
coupled to the first /0O bus 120. A second |I/O bus 130 may be a single bus
or a c®nbiimstiuiigon sef compluter (LIS Choricaeprocassona redugerbinetructipreses eapemiting / O bus 130
may conprise a PCl bus, a PCMC A bus, wglrer(L{’zléé\?n 10 I ndustry Standard
Ar chi t ect GBESC()I“SWP%’B%SSO‘ 7 VY HRag insiugion OHHCOPEF S ARECE B vi des

conmuni cat.j 0 r dat a
storage de"\]/lpgme § En%%PPEQPB u? ﬁgen Ss?{est%ngl%fﬁ %g%%%leggaséllgm ég?(gv S'sA\t or age
devi ce 13Jan@%ﬁ@o?th@@fe@er@irﬁlént@h'uﬁ@lem@nt@d GPPMngle Eﬂécé@Edr‘é@mBlﬁerQ?stW devi ce,
a flash nenory device or other mass storage device. A keyboard interface

132 i s coupbeHowever)it 8 vadgaod thdtQhdyresedtIventién mhebkieyirasenttdiind er f ace 132
may be a keyboard controller or other keyboard interface. The keyboard
i nt er f2ice cogRuiansysism aviladiwdiinleprogrssars elhemrasassor EYjigleoupled sndeanerl devi ce

such as a bus control|l eé or other controller. The ke boarlq)él n%erface 132

al | ows coufstseRgesmitLRLE ‘bsoldpéha(mﬂsmétﬂg%ﬁlg'iaeg lt%eee@ 6587 1 pad g1 00 and
transmts yhgard to the conmputer system 100. An audi o
controll ercg%g%eiﬁ{ssq'ggu e %’tﬂllég' ]lsagcond 20 I/ 0O bus 130. The audio
controller 133 operates to coordi nate the recordi ng and pl ayi ng of sounds
is also coupled to the I/O bus 130. A3dus bridge 124 couples the first I1/0
bus 120



to the second 1/0O bus 130. The bus bridge 124 operates to buffer and bridge
data signals between the first 1/0O bus 120 and the second I/0O bus 130.
Figure 2 {id sphssat es a menory system 113 according to an egaogoiBeds; of the
25 present invention. Referring to Figure 2. the menory system 113
generally resides on a notherboard 200 of the conputer system 100. The
not herboard 200 is a printed circuit board that interconnects conponents of
the conputer sy&f&pMPEe Yelen 189 'rlcwee%ﬂm%ig%%yslemliazThzslmmrPUﬂemso / 29383
menory co processor 101 and ot conpone nt s menory
System 119 1P e R AT iR R i g SR s B8, azsmw%ﬁe#r B 1 he
menory no unting
“a plurali '? 3‘11%? %%%ﬂ% 1 ﬁ’gmﬂe@i% 1&2{)&91Fﬁd§faﬁeh’t'e"%DBRZ§ﬂ§ﬁ é%dzlgag{nrgr ally
i ncl udes aaRl(QDR! SDYADS, a ODRSEDRAM NG GhIRF meﬁo%f?&veaammw%wmﬂ t he
~ not herboard 200. The nenory nodul es 210-212 are insertable into the socket
connectfr sm@r@y 2g2em [} uoky stoml instrostivas tiok ®de reprdsenteriehyotaia signdisltlet may er f ace
with electrical contacts in the socket connectgr. The el ectrical connectors
and the el Rscrpsutes) bydhnpiaesssord0f-odfcoustinsdn aneabedimenief thechmpyeden00 t o
access the nor | ces appreci at ed
that any nu%tge n%fnosyosé'ﬁ ﬂg CO'BHIHS&?B{Lgah%aurﬁ%”%ﬂ’ﬁ?‘gﬁé%ﬂ ﬁﬁe not her boar d
to recei ve(p@laxyéaqmwgrm@i) PEIRYM amﬂweﬁlﬁra& ammm %ﬁh&lﬁesb%aa R Gl a ed that
any nunber  of menory devices may be nount'ed on each nemory no n| .
nenory sysdienit bdadd ganerdie opeiplesiendagghiéitar i8MEbIE Eito 5 YBk& RbREGAthRAT t [ t i ons
| /O structures differently than the one illustrated in Figure 1. 15 Figure
4 il Uk} rds esnngetedito theoesmpger aystent Yol ogy for the present invention for an
enbodi nent havi nlmémre t han one menory nodul e here portrayed as
dai sy- chai ned HePRf{8F BATALY &0“3‘?5%[”3‘315(?8“13'6@9GH°CW@P%1W aééH‘eb’ée“}i’r‘iX/ number

10b h
19 {)Sglt g[}l tcgﬂg E{Hé Ed&ell?l%nor%a?'%o %rrllli f'%cé‘y% a?r%}‘?gs%yvﬁﬁﬂl eé’r%‘;fsas% A memory
control | erthelﬂ-.eﬂxmn'g%y&(?l‘rm'l?danﬁ Strdr ﬁén% lhfﬂ?etcd \,\ﬂgémaltm%ﬁd bt one of

menory-data signal$ and non- rrermry dat a S|gna rein rrermry

dat a si gnahsdd@yighaichateleenake CRASs Hloetll@fneﬁxd@fs@'&&nhllﬂ,%d a@'@slm@rudsl itres, and
clock lines. The nmenory nodul e 310a includes the junction circuit 320a,

al so r'ef eri28d Thopmsesgorblifi { @FU bushld O i@ iBmiosy wouplleed 1t endameinpiyt port 321 a
of a junction circuit 320a. The junction circuit 320a is coupled to nmenory
devi ces 31Ystampy3 arefpgether seRepRbY ﬂ“@?@%%? C?’DW@'E I“@Wekﬂoﬁréﬁl“i 3'250@2@‘&513( o port

312a of thefevrgm%r% etlge(‘f\f')lm%?fe%:ﬁ;l pse?ZOOp (ﬁlay?@ p?eféj Sk e iBdrebd 18

r epr esent ati™ separad evi 'gk"ﬁgit popul ate the

mermory nodul e ?Tq-ng@hst-f/@ﬁbdquGHaQBe £5ihQHbls é%%lnbaatf.wéfhﬁﬁt.agugéﬁOJa\sby a bus
315a between a port 323a of e junction 3550 PCT/ U SO01 /29383

an example, the first I/O bus 120 may comprise a Perlpheral Component Interconnect

20  (PCI) bus, a Personal Computer Memory Card International Association (PCMCIA) bus, a
NuBus, or other buses. The first [/O bus 120 provides communication links between
components in the computer system 100. A network controller 121 is coupled to the first
I/O bus 120. The network controller 121 links the computer system 100 to a network of
computers (not shown in Figure 1) and supports communication among the machines, A

25  display device controller 122 is coupled to the first /O bus 120. The display device
controller 122 allows coupling of a display device (not shown) to the computer system 100

and acts as an interface between the display device and the computer system 100. The

4



circuit 320a to a port 321 b of the junction circuit 320b. The data i nput
to the junction circuit 320a frombus 315 is routed by the junction circuit
320a to pRbd3dga and transmtted through bus 315a to jupetjuRol/gdsgsui t
320b. The data input to the junction circuit 320a on port 323a fromthe
junction circuit 320b is routed through port 32la to the 5 bus 315. The
menory nodyl e 310b includes the junction circuit 320b. The junction circuit
3200 is colmlaydlenise sonsioderlZd may baéﬂtonmn% @SRIW@dﬁ@W/ﬂk@% 8sol1 1p,
wherein the represent ative of separ,ate nmenory
devi ces t AP 5’56%7"5?’2‘39%% w@ﬁﬁ@hﬁ@g@tﬁg&ég@ aﬂﬁﬁtF&fl g the
junction i § t is routed
by the | urnsiRs s B B B8R 0“*"6”13'?? s e e Pl B S Teb o
junction Qitéleuﬂsi’on3apmccaxtpum®rﬂonm1a"nﬂaq§hmeldaplay binqkkr display BevitedMGki on circuit
320b fromjunction circuit 320n on bus 315b is input and routed through
port 321 bhﬂmnﬂhewbuseﬂﬁabmSEM@S@Bwﬁhqmwg@ahéOBﬂmmghﬁmMmmms<bh@ejunctlon
circuit 320n, &f {unctlon circuit 320n is connected to nmenory
devi ces 3OOl é%a}dt @i% ﬁnfﬂ@‘rﬁﬂwafaﬂe%%%@aﬁqﬂwﬂser\%@:eéplﬁwtﬁre port 311

nis represe % each the ar.at eV|ces t hat popul ate

t he nennrfyﬁgaapg gl&#ocTﬂmagg%gc?% %tﬁﬁFiggqﬁyB Tron1junction circuit
320n is routed 4 fhrovafo kahksl’}% %‘3 st Q l;u 8 &m&aﬂeﬁgf d?ﬁltlﬁl'erbﬁ%gt A§20b at
port 323b. Figure 5 1is |agr a junction circ 0 a

referred tan easmple/tié §esa6nda1m@ &MmghatyaomanwﬁmmbrreratPGMcmAh@spi N6BiN, an
invention. Referring to Figure 5, it is 20 understood that the junction

ci rcuit0 500dustiy Stridsrd dirhetectaieSdi) bry onethér Huseswihé secotel/@bes Bich as si gna
regeneration C|rCU|try and. signal synchroni zation CIFCUItF% Each of bl ocks
510, 520, AP %@méwwé%%ﬂtf%s e%f‘ﬁa@foawene@ﬁr'& thercompriet YEAmdPO1 Aidlapr esent

I nventi on. g\tléfﬁc}/ewce 1!‘,1t Is.C Lgallje%qgﬂlle S cong E/Bat;[us qﬁd efhenla{gts rr‘%gefde (c:é[ lﬂn Can be

Qra
perfornedsb ane &t rans! At on

Circuit cap aladPdiplf &%Y\ledé:f‘ﬂ%)p?%i%%l&é \é‘tD R@l\@ﬁé\@d’é éﬁasﬂ mnf@pRlieide®: 25
Moreover, it is understoo hat the sequence of process functions

repr esent adhdd yndsd@olapoddiiie 5SAkeyfvdfd, inRifaceSi30 ig@yplb&tohd deeshd 10 busWy3@. 02/ 23SS0
PCTJUSOL/ 29383 It is understood that because bl ock 520 represents a voltage
translia i orhedieylgaid intehfate i3Alap des kbydohrdzontodiengretiea keybggdfinterfaceofhand a

vol tage lowering function, the voltage raising circuitry and the voltage

| oweri ng dietfmrf? miter'i@%b%rwdﬂgraale@cef?g éqyil%oy%nrraﬁldeclaﬁn%%ﬁewée wshpted in

di fferent posit.i &S, und rst od t hat
bocavse s B Setcatondhet BwRit” TREkee R IMEF 1 il BRIERERETF uncti on  hat
i ncl udes q{%&ﬁbaad mé{ §H0Q’In%|tmgcotﬁ1mﬁ¥ é)@fémamé afld HSsHkk Hthls@?fdl@goﬁlldnCt ion, the
nul tiplexing circuit and de mul'tiplexing circuit include separate

circuitry ltebbdanta)rthe&ﬁﬂipube symu’p](md Anmudiofchetretiat 1330 diptedso the stdoad dat a pat h.
It is preferred that the de-nultiplexing function represented by
mul ti plexilfgbae01Therandio ginéieilerd 3bbprsiktesggotdingie tifegremedingdndetayitgeotv ol t age
transati Os%uﬂdlér}ggllsc?gougﬁg I;oet?lee P/E)% %/0 A bus bridge 124 couples the first /O bus 120

to the second I/O bus 130. The bus bridge 124 operates to buffer and bridge data signals

between the first 1/O bus 120 and the second I/0 bus 130.

Figure 2 illustrates a memory system 113 according to an embodiment of the
25  present invention. Referring to Figure 2. the memory system 113 generally resides on a
motherboard 200 of the computer system 100. The motherboard 200 is a printed circuit

board that interconnects components of the computer system 100 such as the bridge



bl ock 520, and that the multiplexing function represented by bl ock 530 be
performed before the voltage translation function represented by bl ock 520.
This is bgealsssdyhe demul tiplexing functions translates apcpiRgiakgnal on
a given nunber of lines into an output signal on a greater nunber of I|ines,
and the nultiplexing function translates an input signal 15 on a given
nunber of lines into an out put si%nal on a | esser nunber of lines. Thus, by
de mul ti pl"astpeny ceftiodler tHethg Bropesss 101 apdpthgricarpenests) T8e mamarysugifiner nunber

ol 1 pi exi 0 BRREY & SRS PP I A PRl e iR umer of

circuits t s . ] 5 i s UNCHI OF r vol t age
fransl at on_Fonprican Phaey Q@G pR0g) B Aty MAEEOKERE 7 onal
to a | evel210h-282 OTHE G YEyisknt 6 defeitlily RERMsS: émfraufyapgomcsﬂ@ym@a@rscan be
perfornmed on the data signal carried by bus 503a by perform ng the voltage

rai si ng f 2364223 moueted es drtnethebyoais] 200k TE2 emaryt haduttaR80-81 Daralnsbrefbbre it is
pored out to bus 503a, then the voltage of the data signal carried by bus
503a nust 'BRdE ekat someearsByl-the Rletticy eomegers pathesrerfameeddn repr esent ed
by bl ock 520 acenent of voltage, |l oweri ircuitry 25 in the bus 503a
dat a pat h.“%ls‘ifgélésVlR %‘reg?cg e LC “{aﬁtgtm %ﬁ O%kH “to%eé%? 'r'glhesﬁ?%f%rfc’B%cogp?cgﬁf 7% epr esent ed

by bl ock ; i L 03a. 8
Wb 021 23y 0 P LBy g e Bk o By 9 AR L, BB o

circuit 5QRviaés qabé mefbry ridualeMeran6yldbE apRefatédahtude surdbdp blisrkdtt y of i nes.
The preferred inplenentation includes both nenory-data |ines and non-nenory
dat a |Mi0nesotieatorswayy baobuntel aadblr veberhgald tnessivecampnmamberldf nesioryand ¢l ock

| ines, and that shall be referred to hereafter as ADD/CVD lines. 5 The
lines ar e exstysself shepldaleabrappteripieditiod pait iugbee plipemary fesisea gwibed by bl ock
510 to isolat§ t he &unctipn gi{c lt 500 fronlhgf ingul Eus 550, resulting
in a poi nt BRSSP FELBARYE MOGheH SPWRERODHEST A LT PBhOCIMPRY b2 and t he
transceiv ' Pﬂ%@ . I s 550,

r at her thgﬁﬁ@ﬁgpéoﬁggﬁ?92%§1 nuppﬁgﬁg%ggggﬁF%gﬁpgéP%ﬁngggmgﬁ%ﬁycuit havi ng
a pluralitpg@é 1menory nodul es as portrayed with reference to Figure 3. The
data 10 transmitted to the junction circuit 500 fromthe bus 570 is routed
t o busi5503a and&igurehihiiratesd bomrdotisg Hidopadogy fpiee piEEEht mferdiod &rsy- chai ned
junction circujt. The data fromthe daisy-chained junction circuit is
recei ved IS{nbpgitent kayingipese than seromeypomyyrodisles hgte neprayedpalaisyrbaingut ed to the

port 501 to the bys . th ai sy chain confiquratio ortrayed in
Eur o a, WOt pRTiedrOh ) Beconth Wi Al B Rebiet EbEngoh B8 et on
circuit 3z0a,. 0 R zalﬂ%lﬁﬁndd%%tl biPRasGhd tﬁgdl]ggiéa%nd x‘d_[h‘ﬁig PrallefiGidl by 320a+1
to junction circuit 320n. The capacitive 1solation circuit provides a
term nat i Gieshi@y nodeleBuen. SPhemodd, chiroNe 11 he chusedb@ bhio3 Bahatenstudatigh hi gher
frequencies due to very limted inpedance discontinuities on the bus 550.

| nped@fce lehissowmf imeaiory-dea ggnasseand @bh-ewtriogndatd signalsewlvaeie themeniniemary ng t he

naxinun1frequency on the bus 550. Wth | ower discontinuitjes on the bus,
the frequdhtssiepplsstayiprdudsgbleasi Aned addesdige gongan fsermnfrgrlelingat e over

exi sting multi-€drop nenor S so. .qgiven.that,the jupction circuit 500
but fer g cont ATHEeaT B FishOeS e st ATtk g BB §E) Ces sco
are freed piref Nehelis Flﬁﬂs Rbupha'th A Grs g@n B Ao 8 RREGo QQUiE 3803 ThefunbGonmade | ess
expensively. The isolation'circuit 510 is coupled to both a voltage

transl at i @ivcgit 8204ii§ cudRdvd Berthory dbliOs, 3 [anBy &busutinppdrt 3928 bf pRdionicirelitils 503a.
lii the case of a junction 25 circuit at the end of a |line of daisy-chained
j unct i2dns 32Da toyiorts3 13s ofpibe memprydicyicess Irl ef vereeaiic the tevidei Yl &s representetiee case of

junction circuit 320n, the junctjon circuit nmay not include a port 503 and
+ a coupl ed of gachod the separate memiory devices that populate the memory module 310a. The

junction circuit 320a is further coupled by a bus 315a between a port 323a of the junction

6



WO 02/ 23550 PCT/ USOL/ 29383 The bus 510a for the purpose of this enbodi nent
transmts data to the voltage translation circuit 520 for the nenory

devi ces 5Q8.02854#0t0 the isolation circuit 510 fromthe nmeppixsegwsges 560.
The voltage translation function 520 includes a voltage raising circuit to
transl ate the voltage range of each separate signal input to the junction

circuit 5 frombus 550 (dependent upon the position of the de-nultiplexing
circuit) frew %%é@uge%M&ﬁd%ﬁ%owwﬂé%b-aﬂ@rﬁagﬂsmﬁtOfthalq*ﬂenor y

controller.ar. U. to a.range .c nsurat e .w | in to,the nenory
devi ces Saytlirre s tafe s PaRFER BRAERUS S 48" hePiae™' Vol (age

. | overing Gihehikd iPodeh 305313k % jmh&iomh-hﬂgﬁofaamg@da%fingﬁ%u@ figh e signal
output fromthe nenory devices (dependent upon the position of the

mul ti pl exichguil820aionuit 3134 franitha jurnstigecicu 3RS F@tkad tidolfh gort 32ARsthesi on from
a nenory device, to a range commensurate with an input to a nmenory
controll erbusBla CPU. The bus 520a for the purpose of this embodi ment

transmts data_to the denultiplexin ircuiit of the ) R

mul ti pl exi ng/ déri‘ﬁmet“iom ‘Eg%{‘ILFg}]BE H@ingﬁﬁ’ﬁwc?“?‘b‘iﬁct"ﬁéquoITth%leé‘C‘t“?”eFr‘l@l“ét i on
function f ul i i i.rcui mul ti.pl.exi ng/ de 15
unct1 o0 528 BISADER L35 10§ b S8 o8lech ST Bl 00 92

de- mul ti pl @09 W i§ fepldseriRE BESER oflic képRtte HANPHeVices iAESopufitthe

de-nul tipl exes the input so that the output has"mlines, wherein nis |less
t han m ( whedneorpmaiddle 3 1 @tarThe da@puessedjuatiioarciradii 328b wit st 32 18fdmg) . Thus, the

input ‘bit rate on each line is decreased by a ratio of n/mto maintain the
same H&ndukftian eircuitia04 ispitedshydbe mscting oiraet HA0bpupors32de and transmitted via

de- nmul ti pl ex circuit. .Thu 20 th resent invention enab)es a smaller
number of BYAE LY P AIERTHEEHY 20 Bo% GALY 1 6R dee Bt U AR RIS BT y
devices 5 A re A a r i 0, 570. This
| ower s thSRWuﬁggFm§10@&%%@?%§g%?%@l%kﬁwﬁgd%@%@ﬁ@%wgﬁﬁ%gélEg}wggghnre, t he
present i n{eNt TIRMMERGDRAuIR 31 VREILALQRIGRGIR 3irQM 208 PP NREAINSRR thus
decreased the power |0st to capacitive load. The bus 530a for  the purpose
of this erndodi Badntis tondesdd to meRbrddedvices B Oimvidyer] 106 bf @emedyrdevicds 3pomt 502 to
the nultiplexing circuit of the multiplexing/denultiplexing function 530,
and t rlénsmhescinithe Roft Bdin is pragentative of pach ol Hg seraratuemay detiees that

mul tiplexer/de-multiplexes functign 530 to the junctiqgn circuit port 502.
The nul ti PreXpRgempemonygagsle 35un Werhbdemats ae??lewnca%e'é%es an i nput
having m |4 - - j LUt sq. 1] t ut has n
naving I Lo ARg Y LR P B Rk P Bt has n
increased by arigatd Pis@fb(d¥k QiabmBHaNhftition Ei@itSo0RIsE RAGWIA B Dhurlhe | nput
side as on the output side of the rnultiplexer circuit. Thus, the present

i nvent i on aetmbing & an swwldinent ofildy@eseaf indatian.| Refesing ta Fipwt 5tioist he juncti on

circuit 500 than the nenory devices S60 require. This |owers the nunber- of
requi 8d pindgsieed thatheriamesiop ciretiu}W. ingides RBiehgicaitrytied Kpws énhe piygucht i on
enabl es a Iomer_freqyenctes on(%he anu@'bus.SOI,.tllgrg gg%”egiﬁd t he
power | 0st2SSENUAPRRERHQNLICHYY aGHEnal FYGRHPONGH B EUlY: B0 °689ksPata is i nput
and out putcshO I . : OV, I gyt du es:
560a- saoh,jzgh%%%%%%%? %$%‘§E?H§ﬁgfL'g'g“°§)‘r?zEhﬁé’n%ﬁ?@ “g}éﬁ‘%e?oc‘?@g?r ®iShe bus
S601. It i hd&Re6d fiaf@bre YhadRHEnimtRRLah BapertdiRedBEHe tMmesdigiRklememdi tion
i ndi vi dual ADD/CMVD lines, and to signal condition nmenory data lines is
di f f erent soelcasuswltage trdnelaqmssichit eandilfof peoviideop capapitivedsoianips tor fignat Bggar d t o
voltagf translation and nul tipl exing/denul tiplexing. Accordingly, it is
speci f45cal Moreewntibispndargepd thatthegeqyeapeefipropgsstiinstiansarpressated §Y gl t i pl exer,
and volta r lation_circuits will be used for each. Furthernore,
-differentqﬁﬂ%ﬁ%ﬂi@2@§“$?&imgy Y¥EENt invention may not apply the isolation
functions, the voltage translation functions, or the
mul ti pl exi ng/ de-mul ti plexing functions to both the nenorydata and the
« ADDY CVMD data. Additionally, an enbodi nent of the present invention may not
i nclude the CMD/ ADD data being transmZted froma junction circuit SO0 from
a port 20 SO01, and accordingly will riot require the isolation function,
the voltage |lowering function, and the nmultiplexing function to a return
ADD/ CMD signal . A preferred enbodi nent includes two physically separate
menory-data processing circuits, each nenory-data circuit coupled to an
excl usive subset of the nenory devices S60, and one physically separate
ADDY CMD processing circuit, each circuit including according to the 25
enbodi mrent the voltage translation, the isolation, and the
mul tiplexing/de-nmultiplexing circuits. The two separate nenory
data-circuits enabling a data line topology that is nore straightforward



WO 02/ 23ss0 PCT/USO /29383 In the foregoing description, the invention is
described with reference to specific exenplary enbodi nents thereof. It
will, howgwapnsfe evident that various nodifications and ehgnges293gy be
made thereto without departing fromthe broader spirit and scope of the
present invention as set forth in the appended clains. The specification
and drawings 5 are to be regarded in an illustrative rather than a

restrictive sehdgundpstoodipt ‘?SE*PGPC@AQ MPRreppIt 2 Yodtags tsanglation ircuistipg ¢ ot

menory no C r .5 at. | east ry. device: - CT/ USU1/ 29383 a
junct?/on gﬁ(:rllg‘?ﬁsgnﬁg ]r%agfgéa'?mg e ]d% O%%ﬁﬁgo‘%é{%?%{wﬁ% eneltiagen e udes data
. i nes charggh Ell&ﬁt@yaﬁtﬁé vdlt@@@l%w@ﬂﬁg &ifcugtmch%@%pm%&ecn@ﬁiﬂ?rtlY% datacd pne and at

| east one non nmenory- data |1 he; a secon port COUp ed e nenory

devi ces; aolipled th diffgrent hositiand il e dota dath e MunebveEine iidernehd Bat leeusend dat a
recei ved fromthe first port to both the second port 10 and the third port,
" to sen@® daterkr8@ edpvesents » omitiplraingsleomdtiporing fuoctionghat inchideplanti . and to send
data recei Vtﬁd fromthe third port and that i nc|ludes an

i sol ati on BYHEEKDPE PEcHRANE @ eé%“'ﬂ)téfil?ﬁmgtfgmﬁb)i“ﬁ e E‘BWH@(‘S{%GHCL{‘W“FH@ $rst port
and the t *}h&lﬂ 8)?{1# CnczuH mchx%gggﬂzpa‘télgegglg?tﬁat% eac Ee cougﬁ:g 10 dlftje‘x V\Per ein the

junction cirtcy nc voI Fansloati on clrcuit to raise
the vol t agRsigbneaal datapth nput on the first port and output on the second
port froma voltage range commensurate with a transm ssion by a nmenory

controller to aivplefonge tatihg de-amitimnsny fh@iowrdphest el typnvitiplegigyiees, and to
| oner the voltage of each line input on the second port and output on the
first tor tmiltiplaxing biotlt ﬁ@éemaﬁgmed@ﬁﬁreth@mlag@nawislatiort fmectimrmmvsenlted/bres to a
vol t age range commensur ate with a reception by rrermry controller,

the volt ad&ocﬂ‘r%ﬁsal"ﬁtﬂ?abﬂ‘e@?“r“&ﬁ‘?"t‘“@cféf‘ﬁ@“ represped by léaqk 5e’>8 pRBRifEEfon with the
first por tbe?ore the vglt ransqati%P f#nctléﬁﬂﬁzp{ggéﬁ? dybdrgl)oc:}" 220 dﬂ‘lfsrlls dec!a\uns 1e%| m1

wherein the Junctro TACT

transl ati Ofﬁ‘ulﬁbléﬁh'é Funbonk 8hSudsA YRk LiRee onE gRABCRhIRBF ller:Q't“tO Qr(‘od:t;lﬂﬁ first
port froma voltage range comensurate with a transm ssion by a nenmory

control | ersignal én a greater number of lines, and the multiplexing function translates an input signal
15  ona given number of lines into an output signal on a lesser number of lines. Thus, by de-
multiplexing after the voltage translation results in a smaller number of circuits to perform
the voltage translation function, and by multiplexing before the voltage translation results
in a smaller number of circuits to perform the voltage translation function.
Moreover the voltage translation function represented by block 520 to raise the
20  data signal to a level in accordance with the requirements of memory devices can be
performed on the data signal carried by bus 503a by performing the voltage raising
function represented by block 520 on the data signal before it is ported out to bus 503a,
then the voltage of the data signal carried by bus 503a must then be lowered by the voltage
translation function represented by block 520 by placement of voltage lowering circuitry
25  in the bus 503a data path. It is preferred that the voltage translation circuit represented by

block 520 not be performed on the data signal carried by bus 503a.



vol tage range commensurate with the nenory devices, and to | ower the

vol tage of each 13 W O 02/ 23550 PCT/US01/29383 line input on the second
port and ewopuissen the first port froma voltage range conpEngsiipbsszwith
the nmenory devices to a voltage range commensurate with a reception by the
menory controller, the first voltage translation circuit being in

el ectrical comunication with the first port, the second port, and a second

vol t age transl abimsmony Q}ISrSéQuF‘?“P]eér‘ﬂjthFH@C%‘é’cfcbfﬁﬁft@Qﬂ%tﬁgléwlr ah ¥ BaMBH circuit

| h hi |
Fange comeits s e BRE sty yebitbed TrbtSeudidn R agh Comensur at o
with at raﬂéﬁﬁbﬁﬁda@)ﬂnﬁyaﬁchﬁ)nﬂﬁém&ytherBé’s%dt n%ﬁcnﬁe SEHORA \fﬁést age

translation circuit being in elects ical ni cation the first

vol t age t r asyshaid lmes, 10d cloiCliriet, and chat hﬁubbwfeﬂ;eﬁw hereabter ANEDDETMDYingPdul e
defined in claim1 wherein the junction circuit further includes: a

de- nul t9 pl Ek@blle@ﬁm@amledWa@amtrwemﬂatlemﬁmm!muﬁmmWbthItﬂé)tb isokte pot-t and
the 15 sec d part to g | ex a signal .input on the nenory data fines
to the f J%P?n ‘Hb?\)it §0 gu m.ﬂﬂeswgémﬂwdteﬁu'E"%galn@rﬁow BN Cﬁnneﬁmt li nes,

each ' nput étlvge% tnﬁﬁhg%naclrgﬁl{ 560%13 thoeftxan} xver/recelvel gr}o sl]% é H}t% Lhe Tirst

bandw dt h ransni rine I'ines aV| ng F\eme wher ei n

nis less tigneap opsasrﬁeoalamemarﬁmgE&%ﬁronalhﬁnt.mowcbnﬁgur&m Qamﬁ'c&& pl exes
circuit in electrical comunication with the first port and the second 20

port to dehawiigd girektyaf aiegios modistas portrayed withnefesenekob Fidud BSTledatshe second
port having a first bandwidth transmtted on n-prime input |ines, each
i nput 19 netranswittey taithpjuncrion ercoft SAP feiniike bus §7Gisdeted toibgndd3ahadi ng the fi rst
bandw dt h transmtt%dsgn n lines having a bit, rate of mwherein nis le

than n-pri FansEygeden Oetﬁtaé’P”tSHhﬂf%ﬂab?/l%“G@B“‘S'O"?H@"héﬁ?ﬁrdﬁtaﬁ‘ﬁa’l}h‘*e defl ned

in claim1l,wherein,the on circuit furthe 02/ 2350
ber Uaon ) 26HSSHR g A ER) RdeVeE b hmbnieht Sl SRS STadibon sl on v ot
the first %%Ete@fb(:thélg@'t.‘f(ﬁctgﬂﬁb%’ggo tlemi%ar;ykﬁaup& @1a§ rg;gtg«d ggﬁw on the

non-nmenory data lines to the first port having a f|

t ransmi t t eHig 40 the BRkkceil M€ vee & méngy tordtioner lha‘\fd>1f]@1oﬁ01bb1'£CLlitaQ6a,@ﬁd p, to a
data signal having the first bandwidth transmtted oil g-prine |lines having
a bit tat earuﬁhesjtpcquiCrimuivvaelitemﬁortphicgit P tohiamctign pir¢uite328mdThe i s great er
than p-prine; mul ti pl exes circuit ?mel ectrical connnunjcation with

the first E)'i‘?ﬁ‘?““éen‘a"a}?tf?é‘ e Bﬁﬂv’ﬂﬁsratlef”@i“?i@“ 1thg lms&o éi“‘% Ploya the L?tsoon t he
non- memnor yté) a‘%]eve mp C%% éh%r hgrﬁl ﬁcelg (ng t(p\(l)er)?]hm%gd 1{1%{:3% «fl]lgconp nu1{:| €S 091 the

transmtte 2Dt Yate of

pprime, topg ﬁ@t ﬂn@d&%%ls@@ﬂnﬂ&e@ nth%sé(ﬂeﬁ&ttlmmﬂq}@'vaatvgfo}rﬁ@Hﬁtrggttraéad on g lines
having a bit rate

maximum ﬁequency on the bus 550. With lower discontinuities on the bus, the frequency

20  of the bus can be increased to a much higher rate over existing multi-drop memory buses.
Also, given that the junction circuit 500 buffering contains all of the high speed interface,
the memory devices 560 are freed of the burden of having the high speed logic and can be
made less expensively. The isolation circuit 510 is coupled to both a voltage translation
circuit 520 via bus 510a, and an output port 503 via bus 503a. In the case of a junction

25  circuit at the end of a line of daisy-chained junctions circuits as portrayed with reference to
Figure 4 in the case of junction circuit 320n, the junction circuit may not include a port

503 and a coupled bus 503a.



10 p wherein g is less than g-prine and p is greater than p-prinme. 6. A
menory systemconprising: (a) a first nmenory nodul e that includes at | east
one firstw@gamsssodevi ce; 15 a junction circuit having a fipcgiugppbdsss o
couple to a bus that includes data |lines characterized by at |east one of
at | east one nenory-data |ine and at | east one nonnenory-data line; a

second port co% d to the first nmenory devices; a third port coupled to a
second menory ug > 1Qadosbp guigate T facarbodinent GaAstta datp jodpe JRi8ES t o bot h t he

second port{_a he I port, to .send ta,receiv fr.om second port
to the fi rEsr “S%g'?'ﬁ ?"Ceilgr{'? 2@ gmg@e WERYY gg\f'%tesrs g@&nlgéo&ﬁ? P8ﬁﬁ?%°é'°f‘ﬁi%?(gﬂ%'8rt to the
first port s dJ i L e L QWi| -

P01t - o e o R g A R R A P e R P2 0 (1) e
second nencikgnitn®tutstaitd thatolkage dndest aath depaate sipngl ifRL e MACADNCICEYI ce;, a
second junction circuit having a fourth port coupled via a bus to the third
25 port? afipinfouhsPbidependens vpeh the pesition o the Wd-nnetipexingianiideson e rapgnd dat a
received fromthe fourth port to the fifth Oril and_send data received from

the fifth POPPeRsHrateryt HUMSHISHIR fromATRerRY caBiodes ity ftaianes o provi de a
i nt-to-pQi | .on . / .
2o, B SOARSEH 8 e LA RS e, e o MIRIRTR Rty

PCT/ USQO1/ 2 ined 1h ¢ erel n:

firstjunct singlddWivoithgd 1bN&ng NEhiHReBnDatk teSbitdR!hREef LdR8GhAld On Circuit
to raise the voltage of each I'ine input on the first port and output on

til e seconsgmdpitphtrfonm theSnanalry dgtees alspadeammante padigonwi (e multipledsg ssi on by
a mem)rg controller to a voltage range commensurate with the first nenory
devi cedl apigcuitbirppaeangelsemyshiusiewih a sarsmissiondramporemeny denige.deetange port and

output on the first pou froma voltage t'rﬁ(g[‘}?e. C&%Iensurate with the first

menmory devPUBRCSErle Wi} RigRut oy, MEmar e dt%e-Wth a reception by the
trollar. ¢ ' . . . . .

RO, COM O Blerud BT B BLA80 CARRIA RIS B loebng 0

(b) the seg@RfixHRCHL@NoLthE mYithickitblBetult el tdesctRn 386 804 tw@doﬁta%e
translation circuit to raise the voltage of each line input on the fourth

pout and otihglition funtiken 520fant fpmrthe holtpleing oirdutgef tiean@plein@@nsurate with a
transm ssion by a nmenory controller to a voltage range comensurate with

t he seddndmuiiptexingdendtioe§30 Wbk todtageoveaplationefunesion 4@ e dsanitinlexing ne i nput
on the fifth port and o.utpﬁt on the fourth Port fraoma v%ltﬁge range
commrensur afEWiPIPFeIsRRars BRYHAY AR AYFSH ﬂmeéﬁ"g Iplges thed MUt §2 AT B mensur at e
with a reception b he c e t ond. val t transl ation
i reur t Dol HEse e TRt oo A of B AR T he e

pou. 20 8. ,"§. TREDEY ARAY exd&f daBRAnd 1B d&dr&isdd 1§ AMABE §F Mmteh ralnkdhE thkON
circuit further includes: a first voltage translation circuit to raise the

vol t age of sastiandwidéh ernhelinpoirsidetse of ieutppogide dfrtiendeamwidp ey eircwain (thus,
commensurate with a transm ssion by a nenory controller to a voltage range
comreng0r athe prsert invgatign qngblesismpllpr ipebee efsdatadings input to fiisjunchien ¢igluitage of 25

Vol tage T anbTELRERETFAN i ) T PSR ASHEP Y BUIERE 15550 ¥ 1 age r ange

comrensur atsﬂ).mﬁ;[iplo@/ers the number of required pins on the memory module. Furthermore, the
present invention enables a lower frequencies on the input bus 501, thus decreased the
power lost to capacitive load. The bus 530a for the purpose of this embodiment transmits

25  data from the junction cizl'cuit port 502 to the multiplexing circuit of the multiplexing/de-

multiplexing function 530, and transmits data from the de-multiplexing circuit of the

multiplexer/de-multiplexer function 530 to the junction circuit port 502, The multiplexing

10



reception by the nmenory controller, the voltage translation circuit being
in electrical 16 WO 02/ 235S0 PCT/ USOL/ 29383 conmuni cati on wi sh the first

pol -t, theeeeasd port, arid a second vol tage transl ati on pggdsbozss he
second voltage translation circuit to |l ower the voltage of each |ine output

011 the third polrt froma voltage range comensurate with the first nenory
devices to a voltage 5 range comrensurate with a tl'all51111S510n by the
memory contifcyit @PGSSF%@ iyt @g%g 0 ligess pagt doonuidiplexsithe ity tehthepeettr i cal
communi cat,j on t he 5r 9 ta h|rd port;

Soaam B A0 e Bt Pl Y R Ol B RS bR BuS ol b i gt BBl 1 P
. Input on t Ehl%tlg QF'ﬁﬁmtoﬁQeﬁﬁtalfl 1R Ya e \69 dWﬁ off ﬁﬂ@g@)u? ATRURAS i ofthe

transm ssion by a nenory 10 controller to a voltage range comrensurate with
t he secondmomipRkst dievit.CESs, thipretent insteion titdled @lsialde ndhb&E bath (ime | nput on
the fifth pol-t and output on the fourth pol-t~froma voltage range
comrensur ainputVip the juimsios eicanit OfEan the nakevary devices 560 reqhitea Jdisrlawegretheormensur at e

with a reception_by the nenory controller, the third voltage transl ation
circuit belRper A 'éﬂ@&dm"a,saﬂn TRERFIGNY &b lsn FufthermemReth w@fephmpsww arid the

fifth port duI nd|n cl aj n the first
junction cff"ra%lg?% Nt ﬁﬁg%']flﬁc g tde lnpua géblr‘ra 1'Fi ecire S%sm(a: V(V:elﬂlcfsﬂ n el ectrical

comuni caté?gblmetlga&_he first port and the seco_nd poet to de-multiplex a
signal input on the nmenory data lines to the first port 20 having a first
bandwi dt h t r ansrotjesttioncifcuitppHB01, idaass ind@hd bitpsttro the ARnfdavddigeasddi t rate
of m to a data signal leaving the first bandwidth transmtted on n-prine
lines Haviowgr thelbidividual dusss SeRaprlandNETECMIhddisis ligmstotthamemenydeviessand m i s
greater than sn-prune; and a miltipl exes mrcw% in electrical .

communi cat $¥6higibER 6% et %Pgwﬁﬁfé'wm%ﬁﬂoqdﬁéaté%mfﬁ tosegne! ogdigien wdividual ex a
signal inp i.nes to t on havi a 25 frst
andwi dt h S PRASP il RS8R SettRE Rl FESEAERE be P sl g o bi

rate of m prLibR difeQir r be @méﬁt%ﬁh e@@t’d't@%ﬁa@@tr%sfaﬁ%n Qmﬁmﬁ%hné/{iénsm tted on
n lines having a bit ra

multiplexing. Accordmgly, it is spemﬁcally contemplated that different multiplexer, de-

15 multiplexer, and voltage translation circuits will be used for each. Furthermore, different
embodiments of the present invention may not apply the isolation functions, the voltage
translation functions, or the multiplexing/de-multiplexing functions to both the memory-
data and the ADD/CMD data. Additionally, an embodiment of the present invention may
not include the CMD/ADD data being transmitted from a junction circuit 500 from a port

20 501, and accordingly will not require the isolation function, the voltage lowering function,
and the multiplexing function to a return ADD/CMD signal. A preferred embodiment
includes two physically separate memory-data processing circuits, each memory-data
circuit coupled to an exclusive subset of the memory devices 560, and one physically
separate ADD/CMD processing circuit, each circuit including according to the

25 embodiment the voltage translation, the isolation, and the multiplexing/de-multiplexing
circuits. The two separate memory data-circuits enabling a data line topology that is more

straightforward than would be the case with a unitary device.
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greater than mprine; and wherein the second junction circuit further

i ncl udes wodprBeot i pl exes circuit in electrical comuni catpicgiyoh/bdsss he
fourth port and the fifth port to de-nultiplex a signal input on the nmenory
data lines to the fou~~th poet having 5 a first bandwidth transmtted on n

i nput |ines, each i.nput. line having a hit rate of m to a data signal
havi ng the fi ré‘lt‘ﬁé%ﬁ%ﬁ"é&‘l‘ﬁ?‘f%ﬁ%rﬁ‘@c‘ﬁ%"d‘“%‘h‘sldiescb'??qfé“ﬂl‘I%@lcﬁ&/ﬁpﬁ@ﬁ% bi t rat e

of m me,_wher e rinme .a t an mpri

and "’ mut G ERE heboefinls ey @e‘f’(ﬂ.h@%ﬁvc&o%mea%?%t%ﬁ"%sm?dtf?i ReSurth por
cand the figh} Bhﬂgéstmafbaﬁadmenétmmo@dé;saanf?glﬂdnn@letb,daae.ts it BRI ~dfata lines

to the fifth port having a first 10 bandwdth transmt on n-prinme input

| i nes, eaahe prBgeut inlénnien Aaset figthan thie ipgedtiedl obfim B Plid Sﬂieclf'éaﬁoﬁtaydlaﬂ mnsgsgnal
_ haV|ng the first bandwidth transmtted on n lines having a bit rate of m
wher ei P n astolbegegardedin an psirtivanthenthasa gptdativersendsan m prime. 10. The
menory nodul e defined in claim6 wherein the first junction circuit further
15 includes: a de-nultiplexes circuit in electrical conmunication with the
first port and the second port to de-nultiplex a signal input on the
non-nmenory data lines to the first port having a first bandw dth
transmtted on q input lines, each input line having a bit rate of p, to a
data signal having the first bandwi dth transmtted on g-prine |ines having
a bit rate of 20 p-prune wherein q is less than g-prime and p is greater
than p-prime; and a nultiplexes circuit in electrical conmunication with
the first port and the second port to de-nultiplex a signal input on the
non- menory-data lines to the second port having a first bandw dth
transmtted on g-prinme input |ines, each input line having a bit rate of p
prime, to a data signal having the first bandw dth transmtted on g |ines
having a bit rate of 25 p wherein q is less than g-prinme and p is greater
than p-prine; and the second junction circuit further includes 18 WD
02/ 235a0 PCT/ USOL/ 29353 a de-multiplexes circuit in electrical
comuni cation with the fourth port and the
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i nput Li ngg@wie@ a bit rate of p, to a data signal havi ngdfholhégs

bandwi dth transmtted on g-prine lines having a bit rate of 5 p-prine
wherein q is less than g-prinme and p is greater than p-prine; and a

mul tiplexes circuit in electrical conmunication with the fourth port and
tile fift@L@éMéto de-nul tiplex a signal Input on the noel -nenory-data
lines to ealtfiit.hegl)p_rt having a first bandwidth transmtted on qg-prine

i nput 1ines™® ESHFHBut 1ine Raving a bit rate of p prime, to a data signal
| eaving the first bandwi dth transmtted on q |lines having a bit rate of 10
p wherein q is less than g-prinme and p is greater than p-prine. 19
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a] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] cdpteadceived amahadi| bt ibe AsKeat end Haidddedss @ fsolation circuit to

hdhhhhVi i j zupkfa\ W] ca] ca] ca] ca] ca]lca] ca] ca] ca] ca% caLca] ca] ca]ca]ca]ca]ca]c

a] ca] ca] cPEVdeA RO PR} A )] todM e BistRArca ¢ third RYEKKkk 1l | | | OmmiYnnoVoopnp
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2] cal cal cal cal ¢p) igh6a) G AALEAETLAT) SIERER) RRUINU K } | LoD o
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HF 10%4UH[]J6&vlve(r)tHe?’v!o taéel&%%lin(e)iﬁpzljlt & th%ggé%%gft ér?d_o%tput on the first port from a

voltage range commensurate with the memory devices to a voltage range commensurate

20  with a reception by the memory controller, the voltage translation circuit being in

electrical communication with the first port and the second port.

3. The memory module defined in claim 1 wherein the junction circuit further
includes;

25 a first voltage translation circuit to raise the voltage of each line input on the first
port from a voltage range commensurate with a transmission by a memory controller to a

voltage range commensurate with the memory devices, and to lower the voltage of each
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5  cireuit; and
the second voltage translation circuit to lower the voltage of each line output on the
third port from a voltage range commensurate with the memory devices to a voltage range
commensurate with a transmission by the memory controller, the second voltage

translation circuit being in electrical communication with the first voltage translation

10  circuit and the third port.

4. The memory module defined in claim 1 wherein the junction circuit further
includes:
a de-multiplexer circuit in electrical communication with the first port and the
16 second port to de~-multiplex a signal input on the memory data lines to the first port
having a first bandwidth transmitted on n input lines, each input line having a bit rate of m,
to a data signal having the first bandwidth transmitted on n-prime lines having a bit rate of
m-prime wherein n is less than n-prime and m is greater than m-prime; and
a multiplexer circuit in electrical communication with the first port and the second
20  port to de-multiplex a signal input on the memory-data lines to the second port having a
first bandwidth transmitted on n-prime input lines, each input line having a bit rate of m-
prime, to a data signal having the first bandwidth transmitted on n lines having a bit rate of

m wherein n is less than n-prime and m is greater than m-prime.

25 5. The memory module defined in claim 1 wherein the junction circuit further

includes:
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toa data snonal havmg the fu st bandw1dth transmitted on q-prime lines having a bit rate of
5  p-prime wherein q is less than g-prime and p is greater than p-prime; and
a multiplexer circuit in electrical communication with the first port and the second
port to de-multiplex a signal input on the non-memory-data lines to the second port having
a first bandwidth transmitted on g-prime input lines, each input line having a bit rate of p-
prime, to a data signal having the first bandwidth transmitted on q lines having a bit rate of

10  p wherein q is less than g-prime and p is greater than p-prime.

6. A memory system comprising:
(a) a first memory module that includes
at least one first memory device;

15 aj’unction circuit having a first port to couple to a bus that includes data
lines characterized by at least one of at least one memory-data line and at least one non-
memory-data line; a second port coupled to the first memory devices; a third port coupled
to a second memory module; to send data received from the first port to both the second
port and the third port, to send data received from the second port to the first port, and to

20  send data received from the third port to the first port, and that includes an isolation circuit
to provide a point-to-point connection to the first port and the third port; and

(b) the second memory module that includes
at least one second memory device;
a second junction circuit having a fourth port coupled via a bus to the third

25  port, a fifth port coupled to the second memory devices to send data received from the
fourth port to the fifth port and send data received from the fifth port to the fourth port;

and an isolation circuit to provide a point-to-point connection to the fourth port.
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with the first memory devices to a voltage range commensurate with a reception by the
memory controller, the first voltage translation circuit being in electrical communication
10  with the first port and the second port; and
(b) the second junction circuit further includes a second voltage translation circuit
to raise the voltage of each line input on the fourth port and output on the fifth port from a
voltage range commensurate with a transmission by a memory controller to a voltage
range commensurate with the second memory devices, and to lower the voltage of each
15 line input on the fifth port and output on the fourth port from a voltage range
commensurate with the second memory devices to a voltage range commensurate with a
reception by the memory controller, the second voltage translation circuit being in

electrical communication with the fourth port and the fifth port.

20 8. The memory module defined in claim 6 wherein the junction circuit further
includes:
a first voltage translation circuit to raise the voltage of each line input on the first
port from a voltage range commensurate with a transmission by a memory controller to a
voltage range commensurate with the first memory devices, and to lower the voltage of
25  each line input on the second port and output on the first port from a voltage range
commensurate with the first memory devices to a voltage range commensurate with a

reception by the memory controller, the voltage translation circuit being in electrical
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10 controller to a voltage range commensurate with the second memory devices, and to lower
the voltage of each line input on the fifth port and output on the fourth port qfrom a voltage
range commensurate with the second memory devices to a voltage range commensurate
with a reception by the memory controller, the third voltage translation circuit being in
electrical communication with the fourth port and the fifth port.
15
9. The memory module defined in claim 6 wherein the first junction circuit further
includes:
a de-multiplexer circuit in electrical communication with the first port and the
second port to de-multiplex a signal input on the memory data lines to the first port
20  having a first bandwidth transmitted on n input lines, each input line having a bit rate of m,
to a data signal having the first bandwidth transmitted on n-prime lines having a bit rate of
m-prime wherein n is less than n-prime and m is greater than m-prime; and
a multiplexer circuit in electrical communication with the first port and the second
port to de-multiplex a signal input on the memory-data lines to the second port having a

25  first bandwidth transmitted on n-prime input lines, each input line having a bit rate of m-

prime, to a data signal having the first bandwidth transmitted on n lines having a bit rate of
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port to de-mu ltlplex a signal input on the memory-data lines to the fifth port having a first

bandwidth transmitted on n-prime input lines, each input line having a bit rate of m-prime,
to a data signal having the first bandwidth transmitted on n lines having a bit rate of m

wherein n is less than n-prime and m is greater than m-prime.

10.  The memory mod.ule defined in claim 6 wherein‘the first junction circuit further
includes:

a de-multiplexer circuit in electrical communication with the first port and the
second port to de-multiplex a signal input on the non-memory data lines to the first port
having a first bandwidth transmitted on q input lines, each input line having a bit rate of p,
to a data signal having the first bandwidth transmitted on q-prime lines having a bit rate of
p-prime wherein q is less than g-prime and p is greater than p-prime; and

a multiplexer circuit in electrical communication with the first port and the second
port to de-multiplex a signal input on the non-memory-data lines to the second port having
a first bandwidth transmitted on g-prime input lines, each input line having a bit rate of p-
prime, to a data signal having the first bandwidth transmitted on q lines having a bit rate of
p wherein q is less than g-prime and p is greater than p-prime; and the second junction

circuit further includes
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5  p-prime wherein q is less than g-prime and p is greater than p-prime; and
a multiplexer circuit in electrical communication with the fourth port and the fifth
port to de-multiplex a signal input on the non-memory-data lines to the fifth port having a
first bandwidth transmitted on g-prime input lines, each input line having a bit rate of p-

prime, to a data signal having the first bandwidth transmitted on q lines having a bit rate of

10  p wherein q is less than g-prime and p is greater than p-prime.
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