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BUFFERED DAl SY- CHAI N CONNECTI ON BETVVEEN A MEMORY CONTROLLER

MODULER 9,55 ELD OF THE | NVENTI ON The present invention relates to nenory
systens i n conputer systens. More specifically the pr&S&RSH/HENt I on
relates to an apparatus for inplementing a buttered daisy chain connection
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boards nmounted with a pl oratrty—ofrenory=devi ces. DI MMs have | eads
accessible via both sides of a printed circuit board' s electrical
connector unlike its predecessor, the Single In-Line 15 Menory Modul e

( SI'WM FIEMD @R THESNVERIZOSN only one side of the printed circuit board' s
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are sol der elde pessens izveteangelrtep ol méreay systenusiit cdoatdat sysegmaizher board. A pl ur al
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the nmenory nodules includes a plurality of nmenory devices nmounted on the
menory nodul e. The nenory devices typically are Dynami ¢ Random Access
MVel®or \BACIRBRDUND GErrHESINVENEDNAt es an end on view of a conventi onal

mul ti-drop routing between a nenory controller I [ | and two exenplary
nenory nmodifeewremodysisuciisahaiBnd iy LbgsvenBy Bibdule ghiépt) $ateo each of the
menory devi ces él Ca and 21 Qb through a stub. Stub 3 1 Ga connects the bus
310 t o HEHRPPYEY MRSy Prcheging desigy P BEV iR amel arinterkciyg b840s t 0 nenory

devi c -h. .stub i ntroduce acjtive load discontinuities to
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310. bb# pRREIBIF®it bbAHE's electrical connector unlike its predecessor, the Single In-Line

15 Memory Module (SIMM), which has leads on only one side of the printed circuit board's
electrical connector.  DIMMs are inserted into small socket connectors that are soldered
onto a larger printed circuit board, or motherboard. A piural number of memory modules
are usually typically directly connected to 2 memory controller via multi-drop connections
to a memory bus that is coupled tcs the memory side of the memory controller. The

20 memory controller transmits and receives memory data via the memory bus. Each of the
memory modules includes a plurality of memory devices mounted on the memory module.
The memory devices typically are Dynamic Random Access Memory (DRAM),

Figure 3 illustrates an end on view of a conventional multi-drop routing between a
. memory controller 111 and two exemplary memory modules 210-21}. The memory bus
25 510 connects to each of the memory devices 210a and 210b through a stub. Stub 310a
connects the bus 310 to memory devices 310a. Stub 310b connects the bus 310 ‘to
memory devices 21 tb. The stub introduces a capacitive load discontinuities to the signal
being carried to the memory devices 21 ta and 2110 by the bus 310. Furthermore; the

stubs directly connect to the memory devices without any intermediary signal conditioning



stubs directly connect to the nenory devices without any intermnediary
signal conditioning 0 7 MAR 2005 WO ()2/235-5{1 PCT/ USO 1129383 MR 285g a
vol t age _br ansl ation. A drawback to menory nodules directly connected to a
menory DAL92" nul ti-drop connections is that there is RETwshtzges | evel
isolation between the nenory devices and the nenory controller. This |ack
of voltage isolation does not permt a variance between the voltage |evel

of menogy|,deviaGehdRMhSRRd 5 WYa&Qot Lol Ler tput s, on the.one hand,
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the nmenory device perm ssible range, the nenory déevice wll not recognize

i nput s, bearernteameporteleiice aodthputsnony tdnteleedtlistihg cSadlecoperabi ng | evel of
the nenpry controller or a coupled CPU 10 Another drawback to nenory
nodul eGP PEPETTY! & S8R hefpen dhearoftasedeye! bliservory devied triputiraop connections is
t hatg t r}gglgori scorl(rjolféagqci ti Ve I Qﬂ@d idsol ation between the nmulti-drop bus and
t he “renbr Yy deYTEES" RERHT Hh RO A T OBV ALO8RIE RBY MEROH ower t han it
wouy d , R ils e bl ns i 8 RAPASUIIE: RS o Al0Rgher dr avback to
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menory nodul es coupled to a nmenory S mul'ti -dr &onnections is

that theerp@akodal@r atBwRRS mérhdl9 devicd RemIBBRIYnRAUS: Sma ARl RE wiipan it woul d
ot herwi se be because the discontinuities on a nmulti-point bus have an

i npedamoerechgrize inputs, easreemavy thvite @gqpeneill extiidshd Rieipepaakiedata rate per
line places a higher floor on the nunber of pins connecting to a nenory
nodul e thomemogicoaiollr gimtoupsEPloul d ot herwi se be for a poi nt-to- poi nt

connection. ,20 SU Y, Accordi ng t n enbodi nent, a menory nodul e incl udes
a rr)lrgm)ry deV\RECHAY aijth‘H‘é‘P‘i”rél’fgcl‘f’i“&éairfqtlyfﬂ‘é‘efﬁ'fﬁdf’?(’ﬂ?”@irX BiFita has a first

ort te,fR c . B! 1Qd 1 S0YRL 8d Lo, the menory devices, a
p P ﬁf?‘dﬁgecokr?e o ?%t’halatl é@%Q%CL ng’%ﬁv)? [é)n()] dslcjol?gle % t&]e mdlgfgr% y devi

third port coupl e a secon , to'se Pecei ved from
the fibasaiané me@oBaichictNAusRLABHoBAYicaBsrdiRe tﬂahlsrsg)»\fgpfhran ilbyiend data 25
t

received fromthe second port to the first port, an 0 send data received
f r om t he withputdhe muiti-drop line capacitive load.
Another drawback to memory modules coupled to a memory bus 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, 2 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 1o 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.



port to the first port. The junction circuit includes an isolation circuit
to provide a point- to-point connection to the first port and & HéAR 1200
port. 2 0 7 MAR 2005 WD 02/ 23--0 PCT/ USQ /29383 BRI EF DESCRI PTI ON OF THE
DRA W N&8 "B7&Pr esent invention is illustrated by way obPcemasnptesand not by
way of limtation in the figures of the acconpanying drawi ngs in which: 5
Figure 1 is a block diagramof a conputer systeminplenenting an enbodi nent
of the present invention; Figure 2 illustrates a nenory system nounted on
a not herboard according to an enbodi nent of the present invention; Figure
3 i |l ustHHEEDESARGATIOMN OFiTRE DRAG/ISIoRvVent i onal nul ti-drop routing between a
10 nenory controller and two exenplary nmenory nodules; Figure 4 illustrates
a bus routi ng"aRiESSRF inivergion et liogied bpmvag o feEDpYE aBY SN CEGhdL to an
enbodi mt.snntté f the t[)r esent invention; Figure 5 illustrates a junction

ci rcui t TacEBRYFHY ToANAMeMYSE diwtineson WifE: present i nvention. 15 DETAI LED
DESCRI PTI ON FLgur. Jjtistrates a conputer system 100 upon which an
enbodi nent 0115"5[ Iglelqs%PIeogféH{a"'iaW\PéﬁtcP'Bﬂ“tEré SIHB P piphEBsee anb®ahentof ng t o

Fi gure fhe piddentGoapEder system 100 includes a processor 101 that processes
data signals. The processor 10 1 may be a conplex 20 instruction set

conput er ( ClS@)re Bibusnpreoc @S0Fy, sy@eh eERRE oh RHFIALL AN S8l SRTRULi NG (R SO)
m croprocessor, a very long instruction word (VLIW m croptfocéssor, a

pr ocessyrbodimst ehidapresentanveuiroi nati on of instruction sets, or other
processor deFvl ce ;:i ure 1 shows an exanple of the present invention

i mpl ement ed 'SR SUSHRES ¥ GE Q8 YBw L arpuieationsymulmirod @OtingHenescer, it is

undes st.ad.t Rat ent _invention be inplenented in a 25 conputer
system hav?r%g r%olt“??ap et%g’reégg%'%%r“%c.mc”l')h’@g%ﬁ?fcessor 101 is coupled to a

central Figure 4 illustrates a bus routing and wiring topology for a memory system

according to an embodiment of the present invention:

Figure 5 iilustrates a junction circuit according to an embodiment of the present
invention.

15
DETAILED DESCRIPTION

Figure [ illustrates a computer system 100 upon which an embodiment of the

present invention can be implemented. Referring to Figure 1, the coinputer systern 100
includes a processor 10} that processes data signals. The processor 101 may be a complex

20 instruction set computer (CISC) microprocessor, a reduced instruction set computing
(RISC) microprocessor, a very long instruction word (VLIW) microprocessor, a processor
implementing a combination of instruction sets, or other processor device. Figure | shows
an example of the present invention implemented on a single processor computer system
100. However, it is understood that the present invention may be implemented in a

25  computer system having.multipie processors. The processor 101 is coupled to a central
processing unit CPU bus 110 that transmits data signals between processor 101 and other

components in the computer system 100.



processing unit CPU bus i 10 that transmts data signals betm&nﬁ%o%@sor
101 and ot her conponents in the conputer system 100. 3 0 7 54
02123-5~0 PCTJUS01/ 293,53 The conputer system 100 includes a nmenory system
113, Th¥OPB@EHY system 113 may include a dynani ¢ randomCadsesm3senory
(DRAM device, a synchronous direct random access nenory (SDRAM device, a
doubl e data rate (DDR) SDRAM a quad data rate (QDR SDRAM a D DR SDRAM
or other mempgy ' mor stem 113 may store

i nstructions an%ﬂgﬁgéeg%?sge%?g@zﬁ?%)sB)r/l%ﬁl]g){}gsbglg Blnla{?fs%%%mﬂﬁfw%”é execut ed by

the processay intQlic 2 AL NGorh BcRE 1%@9¥MM)QNi£@a§W% & di¥gt em 100,
the nmenory system 1 13 conprises a plurality of nenory nodul es 210-212

( por t r ajaadoin pcEsgurvoRSDRAM) rayied adsutand ex erqiDOR) JORQE, ARABENa mOdul es.
Each pri nt(ed circuit board I%gnerally operates as a daughter card

i nser t afte(QMt ePEASAKR D oARA b oF otbdvaemorp d¢wicedovtrbetdd The t he conput er
system g‘n(t):%brAs sbz[:i dlgg merrpr_%/. cont.rol | r?/d(l‘3 | | is coupled to the CPU bus 110
and the menory” 1137 e 'i”ﬁ&'CHWF@C AEREENEY b1 dita giepply bEmaydat a si gnal s
bet weenyd h t system 113, and ot her conponents in
t he corr%i%\gcrzmscsg}ftz?n%ioﬁ%gérn]c? lb?\?%ﬂg@g‘? {0%/‘ nee%%é)? g %ﬁ%ﬁ ‘?“}P&E“-‘Wéﬁ“’t he CPU bus

110, t heoOyew®icyncsy Sis@m LbZompsksa plidtsd of hEnBYSokRed 2.2 Hhe processor 101,
CPU bus 1 10, bridge/nmenory controller | 11, and nenory system 113 are
t oget helpogenet ialHiguradlptredyadas an campiiny todchaiboanddand Bk peatkd ectivel y
referred to as the conputer chi pset 200 portrayed with reference to Figure
2. The F1oHEpoandspire!ly apcriiey apeday eliErrgrdbingrugble intea genirii avatdctontief  nul ti pl e

busgs. ié?oqn%@cf%qﬂpéo% pu%%{'s% Té%llo bus 120 rmay conprise a Peri pheral

Conpone er conhec us, a Personal Conputer Menory Card

international pA&S Qednh) 08kt ORENMT @c‘)P#E‘f(tsqu%?lpv\géﬁs [ Fbrangt[fbcerl;l? buses. The first

|/ O bus 120 provi des conmuni cati on conponen " the

conput er3syad BrdgkGRbmaly BENEK! 1C ARt Db LEiorbfletweeh ARI&LsLP1dhe first 170
bus 120. The network controller 121 |'inks the conputer system 100 to a

net wor kKheomemonyrspsierar! 3, (and bthsimwwmponantshih ghur @mb)ite5)d e S UIDOQAE Srigg@emuni cat i on
among ttl?eeda?;as(%gr]r{a?selasei\vén the CPU bus 110, the memory system 113, and a first /O bus
15 120. The processor 101, CPU bus 110, bridge/memory controller 111, and memory
system 113 are together generally mounted on a common motherboard and are collectively
referred to as the computer chipset 200 portrayed with reference to Figure 2.
The first VO bus [20 may be a single bus or a combination of multiple buses. As
an example, the first I/O bus 120 ma‘y comprise a Peripheral Component Interconnect
20 (PCI) bus, a Personal Computer Memory Card Internationa! 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
1/0 bus 120. The network controtler 121 links the computer systern 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 1/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



25 display device controller 122 is coupled to the first 1/0 bus 120. The
di splay device controller 122 allows coupling of a display &elildaR 208b
shown) to the conputer system 100 and acts as an interface between the

di spl ay"8év?Ea" and the conputer system 100. The 4 0 ? MARI/RZSOZ9WD 02/ 23550
PCT/ USu 1/ 29383 di splay device controller 122 may be a nonochrone displ ay
adapter (NIDA) card, a color graphics adapter (C&) card, an enhanced

gr aphi cgispdapéete doEENer ¢8I - ics. array (XGA) card or

ot her di sgl gy devi ce cont rlgla)i %E'%fﬁogngﬁgﬁjl'%{??ggwg%éﬁm B ’a%f?l?"el evi si on
set, a ew@npot slpED(GGoOrcardal J:rﬂhbnd@ﬂ@ﬁrhidi &ﬂbt@b’%E@A)%x@?ﬁn @,Ute%%oay devi ce. .The
5 di splay device receives data signals fromthe processor 1 through the
di spl aySdBVFTEray SR sirter othariisaiial ddiisptaayslidrh@he aikmsy@dvicemagnd dat a

si gnal sa%g t he user of the computer system 100. A video canera 123 is
coupl ed”® {0 & SFt A SPPYE BrIdon 9 §lat mnglehissig o1 pOcirlispl 3B vivmyTHe a si ngl e bus
or as combinatd : i pl e huses. As an exanple, the second I/O bus 130
may con(g%:’ l@e&ég%gé%)cfeb\%}sj‘l;mybgﬁm%nhﬁ'ﬁHéo,ccstio‘l\wélﬁ@P“"‘ﬁf‘e digplphéfyisery St andard
Ar chi t egintieBer(1b DAY d BYSa ; : : ond 1/.0 bus 130 provides
communi cation Iinks ﬁty&%ﬁ%gﬁ%gﬁgﬁf?t? %;Dt l%gglgﬁ%%rtoéﬁescﬁg‘ﬁ’étﬁf 100. A data
st or ageydewi [08. A3iddozamendabed coopith® teesend) 1/078us 130. The data storage
device 131 may be a hard disk drive, a floppy disk drive, -a CD ROM
device, a flaSRoHEHBLYs Bdvhaydeasinglttueor nassbistion apaudiemitags. Askeyboard

i nt erfaqce 13 hg COU:P' ?(g to the second 1/0O bus 130. 15 The keyboard
i nt er f 40 V8DCES SRR BYHGAmERY ComPriEs 4 ! bus. atUME I AbyspoNnBus, nt er f ace. The

keYboatl ) L85 A3 Y 05 e cated e ce o, Gan ree de i n another

devi ce such’ as a us cont

interf i ol i bdt9efco | e Computer < to th t
i nt er f ge8ided 20k ANEIRAMRL b ﬁ;g?skgﬁggb%rq &ggé bggg,\ﬁ%% Rie_computer

system 100 and transmts data sign roma conput er

syst ensbbQ@e dévicaldli io capridnolht ecod@BOItss PR Uah QotfE SO 1/0 bus
130. The audio controller 133 operates to coordinate the recordi ng and

pl ayi n§¢ dhardgiisidiye. asflappy disk duiysl @ € DrROVhevick On s mEAQry dvirys, bri dge 124
couples  the first 1/Q bus 120 to the second I/O bus 130. The bus bridge
124 op&'St BESSSIHGHCEFe: ohHEBPId drcrdise 435 isgaunles to the second 1/0 bus 130.

15 The keyboard interface 132 may be a keyboard controller or other keyboard interface. The
keyboard interface 132 may be a dedicated device or can reside in another device such as a
bus controller or other controller. The keybclJard interface 132 allows coupling of a
keyboard (not shown) to the computer system 100 and transmits data signals from a
keyboard to the computer system 100. An audio cantroller 133 is coupled to the second
20 /O bus 130. The audio controller 133 operates to coordinate the recording and playing of
sounds is also coupled to the [/O bus [30. A bus bridge 124 couples the first [/O bus 120
to the second I/0 bus 130. The bus bridge 124 operates to buffer and bridge data signals
between the first /O bus 120 and the second 1/O bus 130.
Figure 2 illustrates a memory system [ 13 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 syster 100 such as the bridge

5



between the first I/0O bus 120 and the second 1/0O bus 130. i?urﬁ 2229
illustrates a nenory system 113 according to an enbodi nent Yo KA 2085
present\' mg)ejn'gj on. Referring to Figure 2. the nmenory system | |3 generally
resi des " '¢h"?Z>*Wot her board 200 of the conputer system 10GcTToe misber boar d
200 is a printed circuit board that interconnects conponents of the
conputer system 100 such as the bridge 5 0 1 NAR 2005 WD 02/ 23: 550

PCT/ USO 1293 Bort@imer Vi (CARbfcRkss&T 10l ahd bened [ogessor 10land ot her
conponents. The nenory syEtensi 113 Cljntéfrtfgglg&ée”%l Eﬁ%f”ie‘f‘ﬁ‘yosﬁmﬁ‘@rmry nodul es

210- 2 123 Eabllend plutminnefmesmorpmduties? 13-240-  24en21 HRMR 1 pnt ed
circuit board 210a-212a nounting a plurality of ne#ro#@lr)ag\g/?@%g:ﬁbzwb- 212b.

The mendty yRtsent alined genibadrl ¥ [§artizodesndngnl tii:alt, by mefosQRk s connect or s
5 220-23?0bnp¢1)nt§1? on the not herboard 200. The nenory nodul'es 210-212 are
i nsert abl &~ 1At d "E AEOPEREP hArstrBhsingpds 2 2Rl efsorkes abnneaamect or s on

the gendsy | At erface w ectrical contacts in the socket
connect orqqir'ﬂgglgitgdc?dr%%é fh(e:gb%;‘g&i()g ﬂ]ea'ﬁa’m"tyﬁ'épdélleé%kor'?‘@aﬁlfe tesrtablst s al | ow

ConponentaroBodkbeccRRcet bRerA. 20huld) AGAEDS 5”2“5’/ MR nodide/ L CO5 on the

menory nodul e. It should be appreciate ©socket 10

connect fesfapmy ith eleomivi cadadintihesoakd BENBAsY Ak @1eLBERIY S AV, ymber of
menory nodules. It should al so be appreciated that any nuriber of nenory

devi cesthiglfcteal capiagie edpvorpngmotntentae ynortechub @, 20T tachBEBImSY S, em 113 may be
i npl emepted in, a cor_rputgr system which partitions |/O structures
di f f er ent' {57 YhiR MEmerbRadyls| § shquift keppprsciated ghat enypumbsr disgekee 4 i | | ustrat es

a r i ol for th resent, i nvention for an enbodi nent
ha\t/}%{ﬁg %&%@ﬂﬁ? 8%8‘8%%%9”1%5’31%@?"%8f"ée‘ﬁwwfw@er algneiadrgy - chai ned

nmenory maditdse [13h0ad a2 90, p'recia'ted%i]r;g@ny W‘g‘g%fgﬁ‘gfﬁg%l%‘gwg%a%gl}nber greater than

| (and where when n is 2, nenory nod ®ogi cal and

rout i ngnahadaoteact Bthe nofduleMENE MemEBOHEEMS 13 1@ be 4 gontroller 1 11
is coupled to a bus 3 15 that incl udesHat 20 Imeggs% léﬁgng#té(drr'é‘r%ry-data

si gnal $°RAdehYACeTesibely pataticrs $0gmtakmres Wiereiln tizh ehenDB I INBIREY in
Figure 1,

15 Figure 4 illustrates a bus routing and topology for the present invention for an
embadiment having more than one memory modules, here portrayed as daisy-chained
memory module 310a, 310b, ..., 310n, where n can be any number greater than | (and
where when n is 2, memory module 310b has the topological and routing characteristics of
memory module 310n. A memory controller 111 is coupled to a bus 315 that includes at

20 least one of memory-data signals and non-memory data signals, wherein the non-memory
data signals may include at least one of address lines, command lines, and clock lines.

The memory module 310a includes the junction circuit 3204, also referred to as a
buffer. The bus 315 is coupled to a first port 321a of a junction circuit 320a. The junction
circuit 320a is coupled to memory devices 311a by a bus from port 322a of junction circuit

25  320atoport 312a of the memory devices 3| 1a, wherein the device 31 1a is representative
of each of the separate memory 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

&



data signals may include at |east one of address lines, conmand |ines, and
clock lines. The nenory nodule 3 1 Oa includes the junction c'rﬁ 'tgﬁ Oa,
also referred to as a buffer. The bus 3 15 is Coupled to a fpr t éﬁng 2 la
of a jOHeP¥dRLircuit 320a. The junction Circuit 320a PeUosupbed to nenory
devices 3 11 a by a bus fromport 322a of junction circuit 25 320a to port
3 ) 12a of the nenory devices 311 a, wherein the device 3 11 ais

repr esecit@itilee. @ A b ry . devices that popul ate the
nmenory module 3 1 %ﬁeﬁ%%g?TQEﬁgﬁﬁgﬂEQF%@gfgﬂﬁxﬁﬁﬁpTgo?ﬁﬂ?%@?ﬁcoupled by a
bus 3 IcibaitBetaeen bas PIOTis rodR3dy theljulidiBn birddtSRHLB 81827, MAR 2005 WO 02/ 23550
PCT/ 0501/ 29383 circuit 320a to a port 321b of the junction circuit 320b.
The dat % Smiee trpughtiess pLirob jwntiorcirccit52063 20a dftt oL dshedd&etios rout ed by

t hej unct.i on %%rcuip 320a to port 323a and transmitted through bus 31 5a to
j unct i oA eI PRI PRYGH3a rere theditagtion pisuit330h heoyteshibtdugpore B2 laub the320a on por t
3235 fqgghaﬁe junction circuit 320b is routed through port 321la to the 5
bus 315. The nmenory nodul e 310b includes the junction circuit 320b. Tile
junction ci Medifem j : s.fr rt 322b to.the nenory
devi ces 311 b, mhé?i@ﬁhﬁi%ﬁﬂgg®?%§R%fﬁfaﬁl??“?g%ﬁbgﬁﬁfﬁFFWé“6¥“each of the
separaﬁéOthDuyedEwﬁBﬁskhh@pmpmnmh@ﬂﬁrﬁéﬁ%qu%§ﬁ9§¥1ﬂPQqéqu&pb' The data
input to the junction circuit 320b at port” 321b from o} junction circuit
320a i §erieud Hd ipseprasentitive of dacimoLihe sxphinte3R0MrY b i thaBgaalangle t r ansni tt ed
via bus 315b %q R @gtion circuit 320n at port 32! n. The data input to the
j unct i OIFTETY BafHe 350 Th Aefminruhietihoination s it 3200 at pom Uk fidd5b i s | nput and

royped; . t g the bus, 3l The nenory nodul e 310n i ncl udes
thggj uﬁ%ﬁ;%&%ﬂ?%ﬁ é%’beﬁ.by g’(’)‘?-’f”"‘fi?ﬂﬁ“%‘f” ﬁﬁhmoafnﬂ%fw%mrtsmmﬁiai s connect ed

to membhy3idevd fasichiell YioR SPOS 3 A2 O TBARY ndSYLEES 20 b r%@ 15 wherein

the port 311 n is representative of eac he sepa devi ces

that fopylmtion tinenirtRomssy b sh e i3dR8nd Fhed dabdntbARS i {?trffé'b&o and from
junction circuit 320n is routed through bus 3I5b to an romthe junction

ci r cui #1°320be ameor mod3blOnFigutee e jirstien difcolt B2@i, FYHBIOBE AndtieRCt i ON
circuit. 503 ﬁ{so referred to as a buffer according to an enbodi nent of the
pr esent V&M S GRANMREE B PEAGY C8Virtsgl e Vvis poit | Angof memory devices 311n

15 wherein the port 311n is representative of each of the separate memory devices that
populate the memory module 310n. The data transmitted to and from Jjunction circuit
320n is routed through bus 315b to and from the junction circuit 320b at port 323b.

Figure 5 is a block diagram of a junction circuit 500 also referred to as a buffer
according to an embodiment of the present invention. Referring to Figure 3, it is
20 understood that the junction circuit 500 includes other circuitry well known in the art such
as signal regeneration circuitry and signal synchronization circuitry. Each of blocks 510,
520, and 530 represents a separate circuit function of the present invention. However, it is
uﬁderstood that more than one function can be performed by the same circuit efements,
such as a voltage translation circuit can also provide a capacitive isolation to a signal line.
25  Moreover, it is understood that the sequence of process functions represented by the

blocks 510, 520, and 530 may be varied.



20 understood that the junction circuit 500 includes other ci r@ui AR weps
known in the art such as signal regeneration circuitry and signal
synchro\&i zation circuitry. Each of blocks 510, 520, and 530 represents a
separ at €% &3Pt function of the present invention. Howd€afUsei/eoss
understood that nore than one function can be performed by the sane circuit
el ements, such as a voltage translation circuit can also provide a
capaci tive i 204 dlde@bol GabbShBBBockish r MranbfhedS.;under st ood t hat
the sequence of process functi %nos\rSe%rregggeﬁtMe)dd‘%%%ttﬁagglg%?’b%ff§9§m 0, 520, and
530 may itséudgabdtied volfag® rafsitiARn AVHE YO vOR1s2 RrdhAs RGE/ SR/ 2883 It IS
under st ood t hat because bl ock 520 represents a voltage translation circuit
that i REPIEEEUPBtaRd Shovelagedeveraicsiingt inaindt jepmamndcatry elat ageatiower i ng
functi on, , ergje \E@Lt_age rai siﬁg circuitry and the voltage lowering circuit
i ncl ude %eDE)ar‘%\ RPNt tate Bih eMefo 1 it igwidsistnedithnt dpdafiser ent  posi ti ons
in the 5 r I.t,As understaod .t hat because 5 block 530
9%1@3%%\35%& g /dff_f]}uglpge%i“ﬁ ”"fcﬂﬂ‘b‘%ﬂblﬁdt‘%étbofhr?cl udes both a

represents a multi plexing/ de-mu
mul ti pl exitpxfid TGickion aintican 8m NIk | ' on...dhe myl tiplexing
e T niana nliGp Bl sl fig "F‘HQ@&’\s”gb%{‘rcﬁpé“%Fé‘ﬁi try that

circuit and the de- multiplexing circuit 1nclu
can eachubtplesogplred: includh depaterircuip@sial dapBschi vt cbiiedatBrrRaih. 1t is
preferred that the de-nultiplexing function represented by multiplexing/de-
10 nul tR951teRs Mdhodaekei’530 be perfornmed after the voltage translation

function reqr.ese?t%g ]g% bl ock 520, and that the nultiplexing function
repr esent ed 'bYy PHIGER sHes-riEiipleying Binctsairenresentad by mluttadecinterdans| at i on

fu [ enr ed, | ock Q... This is because the de- nultiplexing
fumi gﬂ%ﬁ[? ggﬁéﬁ@@‘e%@%*ﬁ%ﬂ edgal%tﬁhtgfz V%’f‘i]ggltr@'?ﬁ IR" ATRBT reafesqnteddy i nto an

out put bi&dka8 an@ thaR @RA REx I TRES 00l prJ:sicrtn"tgéb g #Btb%crr%lrfto; Idexi ng function
transl ates an input signal 15 on a given nunber ot 11nHes "% an out put

si gnal boforathk eslser tawmien fiolktibh FpeesenldiUs bidey sde- TRl bobexino.af ter the
voltage translation results in a smaller nunber of circuits to perform .the
vol t agdtiHpirgteafunesions transtatasian ienvd sisyal uh givpl exiireg obkdesriso bhsupal t age

transl ati on results lb‘?/t?? smal | er nunber of circuits to performthe voltage
t r ans| A" PRI SHMORSE dBsre g e Mpdireaing funcans iransiages ahumpot sigwl r epr esent ed

by 181 ogk a%?\gn BQmE@rio??metsql?to an output signal on a fesser number of lines. Thus, by de-
multiplexing after the voltage translation resuls 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 datasignal 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.



20 data signal to a level in accordance with the requirenents of nenory
devi ces can be perforned on the data signal carried by bus 503a b
perform ng the voltage raising function represented by bl ocll Bﬂﬁﬂ%ﬁmﬂ%e
dat a sWGﬁgylﬁﬁfore it is ported out to bus 503a, then etevsalbage of the
data signal carried by bus 503a nust then be | owered by the voltage
translation function represented by bl ock- 520 by placenent of voltage

ol T ng e, L AehbK, G2 b8 d s B BB AR B B Dok sg | SpBrSEgILed Lnat the

vol tage trans circult represente t"BE Her f or med on

the dat alssjjgmﬁludw;Bzh@dglbynh% 190384 VD I0RL AR m 2R 0u s Eozg(AR 2005  PCT/ USO
1129383 A nenory bus 550 couples to the junction circurt 500 at port 501,

The nmenmeyorybias [mBlarddnohuderadnh Uidhia papinchidoeddrestine 1ipgLf err ed

i mpl enentation includes both nenory-data |ines and non-nenory data |ines
t hat neSPrivRed biges. afdt eckdingy and esshall pomframd td tioneger anDBIGMER lihésnes, and
that. shall,.be referred to hereafter as ADDDCVMD lines. 5 The lines are
coupl ed! 16 ¥ FAPIGY 10 & CRRIBIINE [SBlATRN Tt fepresprekiyritiesk DY thiselele 510 t o

i sol at L UBEk o ik Gy Fom the i nput bus. 550 Iting i
point (o BRI G0 ok St BB DR b PR R Bt g the

t F aNSCejeWedeh HRGRIVBH citddRts06 BAMMY (GAUAlERed-Ret R8: sh8,€vh)°-£ouglaﬁ' the DUS 550,
rat her than the conventional nulti-drop configuration for a circuit having

a pl ur althdrgnddf bve GED, yatino dubh else @avioibtal ayieddrop téniteaf L6 R&GQ ctreuilFi gure 3. The
data 10 transmtted to the junction circuit 500 fromthe bus 570 is routed
t o bus '59342alerlity sy awdelss pLeersred wish efpore t60kunf3. ATdaasy - chai ned
juq@tion circuit. The.data.f&g&ythﬁ daji_sy-chai ned junction circuit is

recei vaEHYIFLINdRS IGRCOR cEEH 2B o e B> B 7hrodted fobys W8sand and routed to the

POTt SOnl BRI, S8R0, od 1 192k SR LONELONT 30T 00, pOrtfayed i

Figure ranscei ver/recelve i for

j uncti @RjsglhEidumd0feir@nds Loei il | | thnction circuit
320a+1 topjuﬁg??on circu??s%g%n.q#ﬁgk“ggggﬁrgpgghF%%fEFFQ%t%ﬁfcuit provi des
a ter nbndtdued té he pphe0 bushdbE 580dIrethd @ dhbia cbuBeushdn phRragédineve nuch

hi gher frequencies due to very limted inpedance discontinuities on the

bus 550igurnhddrmescediessetivirmuz meagrycauseler efll fociunoims dimuit BRdayendef or m

i %t i Qrgotflcn?unction circuit for junction circuit 320a+1 to junction circuit 320n. The
capacitive isolation circuit provides a termination for the bus 350 and allows the bus 5350
to achieve much higher frequencies due to very limited impedance discontinuities on the
bus 530. Impedance discontinuities cause reflections in the waveform limiting the
maximum frequency 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 303a. 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.



maxi mum frequency on the bus 550. Wth | ower discontinuitieséf? t he bus
the frequency 20 of the bus can be increased to a nuch high r SR 80@3
existin% nqL}i;drop menory buses. Also, given that the junction circuit
500 buf Y& 1*g€ontains ali of the high speed interface, PCrtusomverssy devi ces
560 are freed of the burden of having the high speed | ogic and can be nade
| ess expensively. The isolation circuit 510 is coupled to both a voltage
transl ati on Tkheds {0 F20LV] : t.put t 503 via bus 503a.
In the case of a junc??oﬁg5%p§#§£ﬁ%&ﬁg?apﬁgﬁ%wg%ggﬁgaEﬁh@wg “dai sy-chai ti ed
j unct i onsanskliouiitcsit 430 potiterRsasty Wkitidks 56, @R ERAR: £atidd GYI€ 5 it he case of
junction circuit 320n, the junction circuit may not include a port 503 and
a coupl elie FEEo50RYCe0 . ThyARZe 08ns\W00 0 RMRBHET0RGETIdISOVAkZ9 R83nsThe bus 5
10a for the purpose of this enbodinent transmts data to tile voltage
transl at§'sH" @i FOHRE e plpg; rapgreo! seshr R e YRR 10860 theairiidion sircdie | sol at i on

circuyt f h nory devices 56D. The voltage translation function
520 inclfﬁ)igusasrs\elg%e g‘écgenr%{)som%e pcc’\#‘(q,'b? th &-mplipkrae ST drogul eagfe range of

each sepamalessdtIRah aitRRULissiSh £418 A ' hd-GUEbD L 9m bus 550
(dependent upon tile position o(? tahg%é{%ﬁi@i{eﬁ?&égﬂ{g{o@ir?’&ﬁi t) froma range

comens woatenwArhwith bh 2SNl BEmdy ics FBITOT: \oABLd tPJnEﬁ{ion%na@@H to a
range conmmensurate with an input to tile menory devices 560. Tile voltage

t r ans| aPP®mctudeict Yodlage BR@ innictaud estrashelthagdatomegd 6feac %paitt to transl ate
the vol t a 8 rangg of each separate signal Qutput fromthe nenory devices
(dependéfl® PHBHT T HB troBenery e yresidrperdant uppn € negtisnotthe switiplexingom a r ange
COMABNS YL AL® Y. t transm ssion froma nenpry device, to a range
com‘rensurra%'tz {%]taﬂa%‘? °{°r’{‘g‘b‘°’t“5‘f%te é“"ﬁé%??’?&ﬁnﬁ)%ﬁﬁg}m}?ﬁ devessU° aTRHEEbUs 520a
for thecpnbRsaeolitt M Sn&THAH-ARP ] ata to the de- nultiplexing
circuit of the nul%ipIeQing/dgwéﬁ?%gﬁgigh%érghction 530 fromthe voltage

transl ation Thertet 5p0n B2 hed0ghotd At BRbIMh L Bh&XIi RG2S gYidt. OF tile
mul tipl exi ng/de 15 Multiplexing function 530 to the voltage transl ation

funct i offuBRExinTisscdeoithé tiuPipexinggle-nuiltiplexing fonatasSe $oanthé AEke havi ng n
i nes, 9nd de-ggltiplexes the input so that tile output has mlines,
wher ei n#SfaLoR Bagiqn3Zl and fromfhe meltipieaing civcuita fitheyaulérloxieg/ded al t ernati vel y

as s multiplexing function 530 to the voltage translation function 520. The de-muitiplexing

circuit processes an input having n lines, and de-multiplexes the input so that the output
has m lines, wherein n is less than m (where m and n can be expressed alternatively as p
and q). Thus, the input bit rate on each line is decreased by a ratio of n/m to maintain the
same bandwidth on the input side as on the output side of the de-multiplexer circuit. Thus,

20  the present invention enables a smaller number of data lines input to the junction circuit
500 than the memory devices 560 require allowing a narrower connecting bus 550 and
570. This lowers 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 circuit 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



and :.q). Thus, the input bit rate on each line is decreased by a ratio of
nfmto maintain the sanme bandw dth on the input side as o@ﬁm‘mmgﬂ@t si de
of the\dﬁ-gyLLiplexer circuit. Thus, 20 the present invention enables a
smal | er" RUMDEFY of data lines input to the junction circelT/Us&@d3tshan t he
menory devices 560 require allowi ng a narrower connecting bus 550 and 570.
This | owers the nunber of required pins on the nenory nodul e. Furthernore,
the presemtprédayRDhd APu@RARS BSiras, | . | £s.Qn the input bus 50 1,
thus decreased the pgmer I%@?”?%agﬁﬁigpgﬁgggﬂgéﬁpmfﬁgwﬁueoggugOa for the
pur posehasfn lirieh, sviendiod isress that ek, e RBodatida 5088k N IsUNGLLQM,,Ci reui t port
502 to the multiplexing circuit of the nulitiplexing/de- nultiplexing

f unct i o361 Mah® rairAs e ssmdarawidtonm theenmlesitudstdnphenitpg sk bewet of the
mul ti pl ex r{de-nylli IexEé@;unciion 530 to the junction circuit port 502.
The mul TERPERTIEGCHD B, (ES00SV NPT 58 SOmPIET LSy Df 298 86e5ci T oul

pr ocess; i . Vi lipes, and de-multiplexes, the input so that the
outputJﬁ gggﬂwgﬁﬁ%gPar“g%g?ha%HF§ﬁW5§§m?W§ﬁJ&H?‘Wﬁugﬁwﬁﬁ%méﬂﬁput bit rate
on eachihiteeof SquiRAnLER i . intai n the same bandw dth
On the input side as o%ﬁgﬁgmgﬁﬁ%Eﬁgggdghgghﬂﬂ%Qh%ﬁF?F%P@%”Pncjrcuit. Thus,

t he presabits 4 lpwenfreqandaalliesingu S0BI0 10huOHEFRGEdQhe SHRTR1dsE €S 5 I nput to th
junction circuit 500 than the nenory devices 560 require. This |owers the
nunber <@pactibgdvaded pins on the menory nodul e. Furthernore, the present

i nvention nables.a | ower frequencies on the input bus 50 1, thus
decreased t HE"BORETON FEHIt Pyt SRafrae istirpeandadut Pribemdungtdesnecidocui t  por t

50245 d LS d out to .devi ces 560 10 over the

o %gﬁd‘iiﬁlg@g‘ﬂ%’5@%%%@%‘%%8’”&%@&%@5 RUGIR HGMeePry Aevistenory devi ces
over tBeehnsHR6BL;:. | LS [ t t,hat ..t he need .to signa
condi ti on inJividha#E5%%5?5%%&%%%2%%Mggﬁgﬁg%é?gggpC%EWH?ET%HMH@nDry dat a

| i nes ADRICMRIieey aldiao aigss c6Xdifidiemens 9hiblligesdl fit@fehNGchQAYEHLEMENTS Wi th
regard to_voltage translation and nul tipl exi ng/de- nultiplexing.

Accor dPergibie differingregyiegients sdthirggacbiotve hqgleataeslatichabd eiuftfptaxemaydenul ti pl exer
de- 15 ltiplexer, and voltage translation Crcuits will be used for each.
Fur t hep%fpie;xum. f“?rCéPl’é]H‘lg y, it is specifically 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. Additionalfy, 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 physicaily
separate ADD/CMD processing circuit, each circuit including according to the

25 embodiment the voltage transiation, the isolation, and the multiplexing/de-multiplexing
circuits. The two separate memory data-circuits et1a5]ing a data line topology that is more

straightforward than would be the case with a unitary device.
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enbodi nents of the present invention may not apply the isolation functions,
the voltage translation functions, or the nultiplexi ng/ dd€ fruMARpPRMESI ng
functions to both the nmenory- data and the ADD/ CMD data. Additionally, an
embodi W21 he present invention may not include tRSTCMDIABBIdata bei ng
transmtted froma junction circuit 500 froma port 20 501, and accordingly
wll not require the isolation function, the voltage | owering function,

and the nul i b exkbidng WAGHHRR, thinentiBh HdsABR) OWP-3d 8Nnaks s,A.ipL ef erred
enbodi ment i ncludes two physically separate nenory-data processing

Ci r cui tssm@aghkniberipentsdadrect. Civill,Uiotve @O URl eOtehQh@Rafins hidairkaigybset of the
menory devi ces 560, and one physically separate ADD/ CVMD processing

ci r cui nd grpgesenaychs madenkdreiol vithow demridigripnt thebhred@Spieinaidisgentt t he vol t age
transl gtion, the Lsolatig&k and the multiplexing/de-nmultiplexing circuits.

The t wo “PEPSN AL EHEIGY 7 WAL & BF prnsnded cwabl Thigprecitration #ndmeavriogol ogy that is
nor r,ai d,than Woul d, be the case with a unitary device. 11 0 7
l\/lA\Rg20(§)It§7 1%9%%? ‘@3@?@5’5&# r@@‘ﬁl‘f %5%5@E}rﬁgfl?‘ltévcfséi‘?ségoi ng description, the

invention is described with reference to specific exenplary enbodi nents
thereof. It will, however, be evident that various nodifications and
changes may be nmade thereto w thout 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 sense. 12 0 7 MAR 211K 13 WHAT IS CLAIMED IS: 1 A first
menory nodul e conprising: at |east one nenory devices; a junction circuit
having a first port to couple to a bus that includes data |lines
characterized by at | east one of at |east one nenory-data |ine and at

| east one non-nenory-data |ine; a second port coupled to the

12



menory devices; a third port to couple to a second nenory nodule; to send
data received fromthe first port to both the second port and ghe }jperd
port, to send data received fromthe second port to the first port, and to
send data received fromthe third port to the first port, and that includes
an isolation circuit to provide a poifit-to-point connection to the first
port and the third port. 2. The nenory nodule defined in claiml wherein
the junction circuit further includes a voltage translation circuit to

rai sew ?qggmm}%ﬁa}g line input on the first port and output on the
secon 5@? r t'age range commensurate with a transm ssion by a
menory controller to a voltage range comensurate with the nenory devi ces,

and to lower the voltage of each Iine input on the second port and out put
on thel firdh figgt mempsmnaogele e@@nr a8 conmensurate with the menory

devices to I urate wth a reception by the nenory
A, 158t 9% mlsanBf, GBTERS:

controller, volt age n circuit being in electrical

communi cat izpfunétidin tdircuit havinger firsindotthio seaphal tear bus3thathie cied®s y

nodul e, defjned in claim1l wherein the junction circuit further includes: a
first ARt RS ishaHackenead ¥ ali'eash ongi ek atreasblongyednopaddiailine i nput
on theurfd "l 1888 drfedHidh-HilmBAP-deRB0fin€ ISR Dot ! Eodpield dgSfest on by
a nmenory controller to a voltage range commensur at Wi he nmenory

devi casemny deviaeseratthéird plortge eduplacto ld seciomgumemory meodabantb port

d he fi f I 0 200,5 14
comeniitho8 i Bfe M oS nbe duSF vyt B vE¥G shB Lt and, g CanidhB bl i ¢n
a recert,ofb BeridheatE meicsigentfreml 8fe seent ltf)é?t P khagerst redis! ahidofb
circuit being in electrical comrunication with the first port, the second

port, S&nd¢ daladeseiven tegm theudBirdtper '@ hwifirst aaat, and that includes
an isolation circuit to provide a point-to-point connection to the first port

and the third port.

2. The memory module defined in claim 1 wherein the junction circuit
further includes a voltage translation circuit to raise the voltage of each
line input on the first port and output on the second 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
voitage of each line input on the second port and output on the first port
from a voltage range commensurate with the memory devices to a voltage
range commensurate with a reception by the memory controller, the
voltage transiation 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:

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 line input on
the second port and output on the first port from a voitage range



t he second voltage translation circuit to |lower the voltage of each |I|ine
output on the third port froma voltage range commensur at e(w tMAR 2805 nenory
devices to a voltage range commensurate with a transm ssion by the nenory
controller, the second voltage translation circuit being in electrical
communi cation with the first voltage,translation circuit and the third
port. 4. The nmenory nodule defined in claim1 wherein the junction circuit
further includes: a de-nultiplexer circuit in electrical comrunication with

homor SoRunBnskra e vt T Femary SlsvicRa §6 4 ValtaBeCarihe st ar AN den 1 t o
on N Wittita | ieReptiorP 3N thePerhbnp ditiaer: #id gt ctfagd thandiatitie Si gnal

having the first bandwidth transmtted on n-prine lines having a bit rate
of m gircwit beheg einn ehectsicadsesommamigafonnwitindhen fiestgpest, ether iIs&gomdpr i ne;

and t RO BLE $69600 SoaddirBnSiald UreBMmY Tt "on the memory-data
lines to thiee sewesotd pawltadwiiarslatibhr sircoandvisivbr tthangoithgedobraehpr i me

i nput lines, each input |1ne having a bit rate of mprine, to a data signal
havi n{cj“?h@ufﬁqts@" Hagdtied part drmi @ redtage R2NIRGOMAR HHIAIB Withdhe of m

wher ej ' Ng R4 ' (] menory
modul Tefapr ffges 187 VAR L AR6e Tdrniiiliate Wit At ission M Ldes: 4
de- nuthé pinemoryicandirolien thecsecoadl coltayei transéationt birchie beirsg imort and

the second port to de-nultiplex, a sigpal jnput on the non-nenor ata

|1 nes SlaptrioBT rarbustrRtin, FE e 8l oAl brbipbiRenredl Shd ¢hehpur

| i nesthjr@g@itl nput line having a bit rate of p, to a data signal having the
first 0 7 MAR 2005 15 bandwi dth transmtted on g-prine lines having a bit
rate of p-prine

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 second port to de-multiplex a signal input on the memory data
lines to the first port having a first bandwidth transmitied 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-multiplexer 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.

5. 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 second port to de-multiplex a signal input on the non-memory data
lines to the first port having a first bandwidth transmitted on ¢ input lines,
each input line having a bit rate of p, to a data signal having the first



wherein q is less than g-prinme and p is greater than p-prine; and a

mul tiplexer circuit in electrical comrunication with the f%sﬂmog@{}{-} and
the second port to de-multiplex a signal input on the non-henory-data
lines to the second port having a first bandwidth transmitted on g-prine

I nput lines, each input |ine havi ng,a bit rate of p-prinme, to a data signal
having the first bandwidth transmtted on q lines having a bit rate of p
wherein g is less than g-prine and p-prinme. 6. A nenory system conpri sing:
(a) a first, menory mpdul e that includes t |east one fjrst, menory device;
5 | unRRPENIGHY dERRSMAUPHGOR [-PEMBONTSs oREY(E o2 t Blla BlE @ha-PHME udes
dat a | : I} : t; i nory-data |ine
and_ ar MPEELf U35 ERE AR Y pHirRk ARE Bl s B B L & the fi 1t
menory deva crasijtiplexdairr cirporttin etegiriedl tap ramsedoationewithy the dinse;pad send

d ived f fi bot h. th d hi rd
vor ¢, 31 héctrpatd Borbfo deiulibli 4 SiaBR el 7t i hliemarpBfy-vafe | "ang
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includes an isolation circuit to provide a point-to-point connection to
the finpst les, aaahtimputine hating adit rale fiep $¥bBAd taedsigtand@mnad t hat
I ncl . a n | C€j: S JURGE | ler cui t
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coupl wHeteint §ds desonbamayprime dd peprilne.send data received fromthe fourth
port to the fifth port and send data received fromthe fifth port to the
fourth port; and an isolation circuit to provide a point-to-point

connegt | OnAtrﬁeH}?ryf%tb% E%Hpiriging?_he menory systemdefined in claim®6
wheretrn: (a) a first memory module that includes
at least one first memory device;
a junction 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 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 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;

7. The memory system defined in claim 6 wherein:



2, T MAR 2M 16 (a) the first junction circuit further includes a first

voltage translation circuit to raise the voltage of each |{irfe MAREBg®N the
first port and output on the second port froma voltage range conmmensurate
with a transm ssion by a nenory controller to a voltage range commensurate
with the first nenory devices, and o |ower the voltage of each line input
on the second port and output on the first port froma vol tage range

commensurate with the first nmenory devices to a voltage range conmensurate

with a receptiop by.the nenpr ntroller the first yoltage | ati on
circuit betfrg i CARUSS iw%?'%'on%ﬁﬁ%atmgthe\h t'ﬁcwgrg%figstf'rggryagﬁgat he
second port; anggndlatiés GeAAMED Jraqs@ttr@v@itagai &f edthhire inmltugleshe second
voltage translation circuit to raise the voltage of each |ine input on the
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i nput on the fi{bhagporangedcommensumaté hwithothe Higdrmeimony adeviddsgge range
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and the fifth port. menory nodul e 'defined in claim6 wherein the
junction circui confroenberatenovithicthe dinst r srernvory adgviceantd adi valtagecuit to
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range comrensurgbgtroller, the first voltage translation circuit being in electrical
communication 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 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 voliage translation circuit being in
electrical communication with the fourth port and the fifth port.

8. The memory module defined in claim 6 wherein the junction circuit
further includes:

a first voltage transiation 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 voitage range commensurate
with the first memory devices, and to lower the voltage of 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



with the first nenory devices, and to |lower the voltage of each |ine input

on the second port and output on the first port froma volt ¢ @gmg
commensurate with the first nmenory devices to a voltage rande urate

with a reception by the nenory controller, the voltage 0 7 LI AR 2005 17
translation circuit being in electrigal communication with the first port,
the second port and a second voltage translation circuit; the second
voltage translation circuit to lower the voltage of each |[|ine output on

the third port f | t ! t ith the. fi
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comuni cation with the first voltage translation circuit and the third
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t he sdirehthemmopy Waldveses.a adate faower comenyestiage withenetansmigsidmput on
the fifth port and output on the fourth gort, froma voltage range
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and t@adifth port. 9. The nenory nodul e defined in claim6 wherein the
first junction. .circuit further includes: a.de-pultiplexer circuit in
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with the second memory devices, and to lower the voltage of each 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 third voltage
translation circuit being in electrical communication with the fourth port
and the fifth port.

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 be 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 multiptexer 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 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



bandwi dth transmtted on n-prime lines having a bit rate of mprinme
wherein n is less than n-prine and mis greater than mprlng‘fqd? UU%

mul tiplexer circuit in electrical comrunication with the first port nd
the second port to de-multiplex a signal input on the nenory-data lines to
the second port having a first bandwiEpIth transmtted on n-prime input
lines, each input line having a bit rate of mprime, to a data signal

havi ng the first bandwidth transmtted on n lines having a bit rate of mO

18 wher ei ess than n-prine and mis greater than mprine;
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port to de-multiplex a signal input on the menory data Ilines to the fourth
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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 module defined in claim & wherein the first junction
circuit further includes:

a de-multiplexer circuit in electrical communication with the first port
and the second port to de-muitiplex 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 ¢ is less than g-prime and p is greater than p-prime; and the
second junction circuit further includes

a de-multiplexer circuit in electrical communication with the fourth
port and the fifth port to de-multiplex a signal input on the non-memory



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

mul tipl exer circuit in electrical comrunication with the fmsf aﬁ’é’ﬂtmﬂénd
the second port to de-nmultiplex a signal input on the non-nenory-data
lines to the second port having a fijpst bandwidth transmtted on g-prine
input lines, each input line having a bit rate of p-prine, to a data signal
having the first bandw dth transrn'tted on q Iines having a bit rate of p
wherei,n, gq,is |.es and re e t han ri,me; and
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is less than g-prime and p is greater than p-prime.



