, _ e3eYV'Z6T<ASynchronous Menory Mdul es and Menory Systenms with Sel ectable
d ock Termination Background of the Invention .In nenmory systems and

m croel ectronics in general, there is a desire for perfornmance, power
conservati on and conponent conpatibility. These issues are especially

i nportant where design advances (both in nenory technology and conputing

b gh. power coHBAde NR%@&J%%%"&E%G"M BRERY sl LfieiShetthls Gk raio

applications). In recent years) the g | nproved nenory system
speed/ performance has driven the devel opment of synchronous SRAM and
synchr onous dynamc random access nenory (SDRAM . Even nore recently)

so- cal | ed BRcHg i@ PR) SDRAM nenory nodul es have been proposed
and devel oped. The DDR SDRAM effectively doubles the data throughput at a

gi ven syst em clinakespeedystéhssand mierpeldctadicsringenera, ﬂmew adethedornt i nue
with the introduction hi her cl ock SRaed ver%s of | - SDRAM (e.g., 166
M ¢l ock ge;ricgmaarcegpewe ponsehvation and comio U be

found in #ﬁ@%@

bagkgrloun of hi S ? ﬁ 'gg‘b’hié‘??ﬁ%%ook%aﬁﬁ% orma &éﬁﬁ&Q?
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synchr onous ens is the.presence agl,ock or clock buffer

sgur ce |nQHHTE8gP°'K‘°Om 83’9(%‘?135\?'?%“993 ?Wdf Qd&% R@F?smqmses) of the -
menory sﬁ apphica systems are disclosed in US Patents

fiters- R
5, 896 346; 6, 043, 694 and 6, ,862; the disclosures of which is
i ncor porated herein by reference Q her aspects are discussed in US Patent

Application 09 I 347, 367 ) the

di scl osure. of wﬁﬁgﬁéﬁty |arr1%:’otrg J%?E@‘ﬁ"@"ﬁagﬁg’?‘gﬂ%isﬁ% *GOOOOZ* DDR
menory nochﬁeeﬁlpafurhmem d?ivennhm\(edhmhemtmﬂsynehmmsxsmmm) and 200
B L O

(controll %@-cﬁl&d AGT16 Aata- rétB (B@RFSDRAM hﬁarﬁﬁ@r rﬂ@ﬂﬁl%sq{a\lerw ved clock -
drivers~and broad ad%gtr on regi stered céwt h onboard ock

r egener at iRsaposes and a@@@edem@y@%s&%ﬂﬁf@ ¥ doublas the Ctatat coul d

i nprove o m cl ock
te?m nat i \éﬁ&gjéht?tﬁryg %J\erngg%g?rn%dép%df ortun %??Wgﬁggﬁ ée"b'dé or backward
cgrr}:)atr bi :cexppctudtml}tmugwgtmmenamc/wcumdhlbber elodk s?ﬁe?lversi@m ohs limt the
ability o 0 0 uni s .t hat servi e new
opportﬁnr tmﬁé gﬁ%ﬁ@éé Qor@\éﬁmgﬁ 37 Wﬁ?ge EaPmrsa %Bﬁﬁgzt%%ﬁst yis
mai nt ai nedyndiHBR-SDRAM dah tie mna .ﬁqem@@yarqfara@bumauom B bility

bet ween nmenory nodules in the sane nenory system and in particular, for

menory sydJetarence soveringidednckgspraleiihiniechnalogpie thierresio’"iigh There is

Pl oxi bi 11 doetreploBMERRRE 4 3e ] EHAES A A BF IR ol AR

systens and/or nenory nodul es which aI I ow sel ectabl e clock term nation
bet ween the cl ock/cl ock buffer and the menory nodul es. The invention

provi des a f ul 1Ay maipjeatarepisynsbionaus 'BGFﬂS’&Y systemedadhe peesancest a The

e on SRO000k PATSEIR o TP NATRRENGS witf e avEE] ABFd)

i Eventl on mtladmelpsa)stﬁelse memqraylssmegisbecm afrksmhs&ybmnabredisebsegm |Ut$1 of .

t t t t t t

At any deiHBHISBRBaRS: RUARELA: SR 0BT 024 the HEcksuien ol WHEBE of a ci ock
het, a Sp'lhéo BPé’cIed‘hferéin%%@rgﬁ&% éttﬁer) pERes érpé @%&g’arhMS ?’a fif erably

prOV|ded by o e or nor or ena |ng an l1ng t e cl ock
terminati (Appl“ﬁh&osmizme&e? |fi$eq)dmimlﬂ9y19995mbvs€m%%%brthechmibswe@f pin on
t he nmenor as enblgnpreferably permts operation in

syst ens hé'vw'ﬁﬁ'%wﬁfmfﬂ@ﬁged?{?ﬁ?ye OCHi nat ed cl ock nets and systens

having nmulti-drop cl ock nets wherein clﬁ)ck term nation nmethod is preferably

sel ected fromthe group consisting of (i) single end terni mmwmmmwﬂ”mlm”m

source series termnation, and- (iii} source capacitive ter
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The, i nvention al so enconpasses nenory systens, especially synchronous

. menory systens capable of utilizing nenory assenblies having sel ectable
clock term nation. The invention al so enconpasses a nenory controller that
- includes detection circuitry to determne the type of nenory cl ock
termnation utilized, whereby the clock drive is adjusted to match the
term.nati on nethod. The invention further enconpasses a nenory systemt hat
i ncl udes such nmeDDR/Memonyahbdulesnsucings 184iRin DIMMs duslimlive arswodyl y Wit h

aselectable t m|.ev cl mnatio tion further
encorrpassest d%ﬁf §§§?WM§# ﬁ'dfé%“tﬁﬂpﬁm ﬁé‘ng'%%ée'ﬂlabﬁwcker m nati on
met hod, e étiaﬁ riele WhicH BHbARGRELE 1oh-Sptiibt vntw%]da&er%ﬁ%w pin
assenblles share a common cl o palr or to operate clfock

- pairs to eaadumtéomtyol_M)samﬂioptioﬂibe I additiongthei mergermc&mfhmdrowdmwler ably

Somory sy and hrgd atelbon ot fedtsterst DMK R ofteRIl ek o ot br el y
DDR menory r@?éHéFﬁtldﬁ%%vérc‘?éﬁéame\w §¥s1lé§r(3198<|ﬁg engH%méﬁ thana%uImvent' on

al so enco ses a nenory subsyste hat 1 ncludes nore than one cl ock
term nati onmmomovemﬂeay@tgmﬁhmng Ibvcligetsaif iternateomoskiefsystem clatk i t ude of

qubl t th
T ook pai » dotpriiioh el AeGhRR)Say rhlitarsl InectEed i Bethuckd cgr o1 ca
into a cl ocdﬁmsétumrtyudweéh%mérgmgtnﬁeﬁr&phﬂ:dwesiaﬁ@bhﬁeﬁ{ @&sighShirfit g | on on

the menory assenbly. The menory subsystem preferably includeS the ability
to have oneahility@f péOémm éo @ieyalgpéww/ualqaemd@aﬁ that seviee theseinevegr at ed

i Turther SRR eS) S torde Rar a b o RART bbBatbfy 16777 72

schemat i c |ragintainedl. a rrermry system u5| ng registered DIMM. Fig. 2 is a
schematic [ ayout of a nmenory system using unbuffered DIMV. Fig. 3 is a
schematic | ayout of the clock signal wiring (net) for a 184 pin registered

DDR DI MM usabl e Thud, iRe/SB8% Nedd/ foreiwa th&‘t’r‘itﬁlrﬂn4g Eb&paﬁbn@ Fetwess et i C
| ayout of the clock S|gnal wiring (net) for a 184 pin unbuffered pDR D W

usabl e i n tmemasymgdules incthessanse Qiﬁreow systen, @d in paricwendor memoryut of an

enbodi nent N\/@g t e

Figure 3 ha‘r’gjs %'ﬂ%cprﬁﬁﬁhg%o a(ﬁf\ I(s/'ret? '?‘g%wei @gcéﬁﬁp‘mbiﬁnﬁ o(r;:'.'%r%%

DI MM dr i veralskehaudedcfoo diesigas/methbds of improvingiclock Siggal ahagemenhenat i c

| ayout of rr@c)),di ment of the invention where the | ayout of the registered
DI MM of Fi 38?‘3’ has been nodified to add sel ectable clock term nation
driven by the nenory system Fig. 7 is a schematic |ayout of an enbodi nent
of the invention where the | ayout of the unbuffered DI MM of Figure 4 has
been nodi f i2Wmmaryefithelnventione cl ock ternination driven by the nenory

system The invention encompasses memory systems and/or memory modules
which allow selectable clock termination between the clock/clock buffer and the
memory modules. The invention provides a fully forward and backward
compatible memory solution. The invention provides the memory modules
themselves, and the systems that include enable/disable pin(s) to use these
modules.

In one aspect the invention encompasses a memory assembly with a
selectable termination of the system-level clock. The selectable clock



Fig. 8 is a schematic |ayout of an enbodi nent of the invention where the

| ayout of the registered DIMM of Figure 3 has been nodified to add

sel ectable clock termnations at multiple points in the clock net to reduce
stub Iength. Detailed Description of the Invention The invention
enconpasses nenory systens and/ or nenory nodul es which all ow sel ectabl e
clock term nation between the cl ock/clock buffer and the nenory nodul es.

The i nventiesmination may benlecatedmtyanyodisired poiri(e)dn thes clockdetéergr, at oy st ens
that includ bl e/ di sabl j t h | es, troll

Cthat inel cigacan gnfict S A8er ol Berif ooREof ATl e e SebeBRtY Bn ot ot e

as wel | asprféebhasiivided s&ebha%t:)ﬁdrewtaﬁe@ms@magfanbm &@étﬂmpﬁ@be clock

term nation capability provided by the I nvention. ferring to

drawi ngs, ¢libgkterminatiorus The switshtes) is preferablya FETawitohycannected tooa piri ng

i stered_D 40, T ' | buffer 30 and
Cont rol | eromte Mgy ARSeRAbT TAB At BoR aesehuty pleraietiy Polrife doelon bue
50) contr ah syeterfi¥ hating bbth 3inYls dréh ehd-temindtedittodk sists ey stdiag t he

actually wiring of the various buses is grossly sinplified i'n the draw ngs

(i.e.) nothaying mistigiroR clogk ngits wherein aImingtior mathed is preferablyt i on.

O ock out ToeeStgior e Blodp ORI GRS B8 ErtiBnes, A o3RRG i ve
circuits (tephirgtionnand (iii) souiceicapacitive temiinatiorer 20. The clock drive to the

DiMvs 40 is through clock Iines 80. The clock signals are provided as a
differential voltages. Thus, each DI MM has a clock 210 and cl ock-bar 220

connection. Fi Wﬁgi&eﬁhe%lﬁémﬁ%%ﬁslt @B@f%ﬁcsﬁémg’ éé IRet for a DI MM

40 of Figure 1. In the registe sl gna 1220 is
t er m nat edsymghrarmust menkzoy systetrisecapabie of utllizing memibry assefbliey haviag Dri ver

202 has a f Kk op 247 d drives clock signals 257 and 259 to
respecti ves%ﬁﬁcﬂ{)&%mﬁnat%'ver 202 woul d al so drive clock signals to
regi sters (not shown). It should be understood that many cl ock signal |ines

may emanate from PLL 202 in proportion to the nunber and sophistication of
t he SDRAM chi psTheriweption alsq ¢ Rassefigemesy captreliardhaldaciudesal chi ps

whi ch may i i i j

Sehemat 1o JECBH SRS BEtcARRRSHHEyRE B ritmdry Siddio@imiion fuiized) |\
addr ess buwshareby the ctackldriveds adjusteditocdmatchithe tamtinatien svedhod.i hei npl i fi ed
f or m bet ween tih?b nory controller 120 and L9he DI I\/l\% %40. The clock driver
130 15 shdWrentiniREEr PRCOTIRARSRS & marmelY SysleTR RUINCIHIGS SR BeEORIni cat os
wi t h DI MVicokdidliehinoshbinatien withf 4 AiephérydlssembBowili$a selddialsiel systeng-level t he

cl ock 310 and cl ock-bar 320 connection enunerated for ease of illustration.
Figure 4 jdogktesmingtione | ayout of the clock signal wiring (net) for a 184
pi n unbuffered DDR DI MM 140 usable in nenory system 100 of Figure 2. The
clock 310 and cl ock-bar 320 lines are term nated by resistor 325. Wile

Fi gure 4 shown Ep invenfion hetharencompassésamemonrmodulecthat miclugBRAMbEhi ps

const  uct dQSNAR GHoRk BATUTRERJBR e RAP RS cRsK TEHERAUPRRRIMIDA srmal | er
groups of riifide s menfry B8sehBliésfo $hare a common clock pair or to operate with
unique clock pairs to each memory assembly. The clock termination method is
preferably selectable via a control signal (e.g., Vg, Vasa or ground pin on the
memory assembly) to the memory assembly. The memory module is preferably
a DDR memory module, more preferably a 168-200 pin DIMM.

-



groups of SDRAM chi ps. Each cl ock/cl ock-bar pair would still have a

, termnation resistor (or other termnation elenents). Figure 5is a
schematic | ayout of an enbodi nent of the invention where the |ayout of the
regi stered DIMM of Figure 3 has been nodified to add sel ectabl e cl ock

term nati on shown as an FET switch 245 which includes an inverter, P-FET
and N-FET. The e of FET i s connect inr§)/ar fault driver

@I— | lﬁl tg ?, d

246 which is a M?t"tm‘? OGNGNMRARSES APEMPIY/SUbsYIeHNat insludes gporeThe
val ue of t d é}ﬁ,pt

speci fi cat Fﬁ%’g%#?e%e lmgrﬁlﬂ\}g?‘be ‘gﬁ ' 38?(136@%?6%@{63) Wlt%e swi tch
in the "on mtpitlmdelm‘nnemmw aasaembl*wsﬂormltarera cdmmion cibdcpalr:orm:bpmw“mhrough
FET switch 245. |If the resistive | oad of lg F’ ft @245 n equat e by
itsel f for Wb elopk pairs 1o RACH MO ARTEMIN.Prefes Yt"i‘/ Bnot shown)
can be inc Seht e kdi fferential
‘clock i ne@'gggfa%?ﬂetb%eﬁggk 'ﬁéts?\fat?]g é;dtgggvm tc%ﬁ%ﬁgﬁ be ovgirarel dden by i nput
290 from méenmipatigns bbthe merfonf assebibly. Thpunedoty subsystereqrefdrally an unused

f th | 8 | ns . nmbers 9
o1, “105 oinctydes iRLatiEg T8 nous ool Mtk tbaBleli iR SR Mt e @
transi stor ,m@gfdtggimélmécﬁ pathEontrol ling the input to switch 245. Figure

fi shows a simlar configuration as in Figure 5 except that there is no
on-DI MM default driver. In this case, the switch state would be controlled

i gnl'y pr of er r ed TesC 208, oiner ABORAY SEHiE fifbntch pREuBEBaRn Rttt Ly ™
switch 245pefpw.| oat. Figure 7 shows an inplenentation of the invention for

an unbuffered DOMM In this case, the FET switch 345 is used as the
sel ectable term nation. The control for switch 345 is through input 390

fromthe mﬁﬁé”fbe%%ﬁéﬁdﬂ %mﬁrﬁra&nn%é single termnation is used, as in
Figure 7, iT IS preferaply roca near the input |ocation of the clock on
the DIMM Fi gur &ig tsisawschematia layoutefra menaerywlystam wsing registered RIMMS$.ons
245a and 245b in conbination with resistor 248 are used to term nate
different locations in the clock net. This configuration or other multiple
| ocati on ter m n#Fg. isGsdHematis lagoat eff mensdrgsybtem wsingauriiufferéDIIMS. ar e
of concern. It should be noted that the sel ectable clock term nation nay be
| ocated at any desired points) in the clock net (e.g., at or near an end of
a cl ock net, t inPl e
swi t ches, ot herF@M%Ig%p%ae{sﬁngér%@lag%%rtﬁtégoﬁ ‘?%Ir‘t@ﬁggﬁét gﬁ%a "!Bear&nnnatl on
nodes nmay begistered DER DIMM usahieynﬁtfsmmqweyewmabﬂgumﬁmts operation in
systens having both single drop end-term nated cl ock nets and systens
having multi-drop clock nets. The clock term nation nethod may be sel ected

from any known Figbwaublaesmﬁdmtb lagout dfeheetbekasighe vinng Tivet) forect84 pihmi nat i on
ra

method is prefe selected fromthe grou conS|st|ng of (i) single end
t er m nat i ofnbpffered s% BRJaIMMysable @rth?ﬁB?mB ' system(qfifigutetir ce” capacitive
termnation. It may al so be possible to have configurations where nmultiple
term nati on nodes are sel ectable on the same DIMM (or other menory nodul e).
An al ternate enbigli5niemschiematic Iawmrﬂfiamembadimémcdfdideinvbaum wheraatheon of

t he series, or IIeI nd t ddi tion

t er m nat or E(YSé'gSft e iggl ?rﬁg] 6@ l‘gucrﬁ q?%ﬁtah?en mqlfoq%ﬁ Q‘ifpg?l B%n

sel ect abi | |, RPW getection
circuitry tg%%eégﬁﬂtne t gq¥§ggqghgﬁéﬁﬁﬁgﬁgﬁa&EHterntnatlon utilized)
whereby the clock drive is adjusted to match the term nati on nethod. Such
detection circuitry may be simlar to that described in US Patent
Application 091240, 647 nenti oned above. The clock term nation permts a

mul titude of s menory assenblies to share a common clock pair or to
operate with unipue clock pairs to each nmenory assenbly. The cl ock
termnation nmethod is preferably selectable via a control signal (e.g.)
Vdd) Vadct or ground pin on the nenory assenbly) to the nmenory assenbly

For exanple, the invention enables a sy§ten1that i ncludes a control circuit
to reduce power whereby clock term nation is engaged during active periods,
and di sengaged during inactive periods. It should be understood that the -
invention is not limted to any specific nmenory system or nenory nodul e
configuration. The invention is especially useful in the context of DDR
menory nodul es) nore preferably a 168-200 pin D Mvs, however the invention
can al so be used with conventional SDRAM nodul es and with future advances
in nmenory technology (e.g., future nmenory nenories using such technol ogi es
as DDR Il). For | ow power, |ow pin count or high performance systens, the
systentof the |nvent|on mould preferably dlsable the default clock

Y o L T o



(whirch is also re-driven on DOMM) which will result in the address end
+clocks arriving at the DIMM at approximately the sane tinme. This w |
provi de the maxi num possi bl e address valid windowto the DIMV w t hout
having to delay the clock to the DOMM The latter nmethod is often used
t oday, and has the drawback of del aying data being sent back to the
controller - often resulting |

I,n. an added clock of | atency (a performance
hit). Lastly, tHiG Gisthsehematic WPHEPP%PmQOJQHBPE?ﬁ'ﬁ?ﬂme whersrthee t he

dd < ' t ' . Thi
Thvent on TOREL he [EHHEIDARG) &t FBes Rag Beeniodpiy s Veidiate, 1 °
exi sting (eloekdemginationdriyes bythie neermoryesysieinl as neet the | ow power/| ow

pin count needs of future nmenory subsystens - with no required changes to
t he existing/emerging systens. For 184 Pin Registered DI Mvs, the power

savings will eqy ﬁﬁ méfr@ou% PRI

permtted to con e'(?t 7331 C Qgticklgplégt seria Si n?lﬁty tﬁgqg\?ﬁ(}?g\ys%(‘:%'%ﬁpgl

| i nes t her leyput of theasnbuffered DIMM of Figtwe drids béerndmodifiedvsl dddiselebtabsey/ st em
read Ioop-b‘%(f::F tim nﬁs. As ngtgﬁl revi ousl gﬁt the invention is not limted
to any speEiocKdetmingfion dgven ay eﬁﬁfﬂ??% "m or end application. 10
Clains What is clained is: 1. A nenory assenbly with a sel ectable

systemlevel clock termnation. 2. The menory assenbly of claim1l wherein
sai d sel ect abl eFig.dck a schematid leyoutofl acambodimentroftbainventiondvheredhe | ock

ocated ar POk gLhe RgRicek FAMI o Fiduhe D¢ hle Riduiflad i el sgledBnuc o
clai m 1 coglptckseminationg domuftiple ngﬁiﬂhd innthedistiatetito rediicaBlubiengthi d cl ock

termnation. 5. The nenory assenbly of claim4 wherein said swtch is a FET
switch. 6. The nenory assenbly of claim5 wherein said FET switch is

connect ed petdid tiBh'df Mk fVenfiBAOr Y assenbly. 7. The nenory assenbly
of clai mS‘%_t‘ﬁ_&ur er _CS‘M TTSINg a pulTup or pulldown device to establish a
nor mal oper at i omhadoentioh@encothpassas oterorryt systéma eindforenedriosyl mamdles ock
term nation, disabl h enpl foclaim s further c ri sing
a connecti B’Rfjﬁ“o@%ﬁg%&?@ka&gﬁéﬁwﬁ‘i& Wﬁﬁcﬂ‘%&%‘%]ﬂo @f’Pﬂ%WPCg epuI | up
devi ce. 9. mEnsoryanioduless Thetmvertionqiravides thé aehorysbdulek theiskives] the
enabl ed or disabled via a connection tQ power or ground through said unused
pin. 11  memory systems that include enable/disable pins to use these modules, memory

controllers that include circuitry for driving selection of the clock termination state

as well as other aspects derived from the presence of the selectable clock

termination capability provided by the invention.

Referring to the drawings, Figure 1 shows a schematic layout of a memory
system 10 using registered DIMMs 40. The DIMMs 40 are driven by clock buffer
30 and memory confroller 20. Memory 20 communicates with DIMMs 40 through
address bus 50, control bus 60, and data bus 70. It should be understood that
the actually wiring of the various buses is grossly simplified in the drawings (i.e.,
not all the physical wiring is shown) for ease of illustration. Terminations (Vr7) 95
for address bus 50 and data bus 70 are also shown. Clock out lines 93 and
feedback lines 90 connect clock buffer 30 with drive circuits (not shbwn)



10.. , A nenory system conprising the nenory assenbly of claim9 further
, conprising a conventional power pin tied through a pullup or-pull down

"device to the opposing power rail. 11. ~The nenory assenbly of claiml
wherein said assenbly is operable in systens having both single drop
end-term nated clock nets and systenms "; having nulti-drop clock nets

wherein clock termnation nethod is selected fromthe ?roup consi sting of

(i) singl econtained in aantralier 20. i The elock drive to the PEVIMs isdhroughiclockii )

et ect i on pe 807 {1 BoBR Sidtits s piovEGiEEs SRREHERA Gloyad8h o bR cesen
utilized, WMV bastahelock 298 ghd sleck-barg20isbadedtionTat ch the term nation
met hod. 13. A nenory systemthat includes: (a) a clock drive, (b) a nenory

controller that includes detection circuitry to deternine the type of
menory cl ock temm natd I d }@?r Y, | é}r ' usted to
match the term rll:gé"p%né %@?‘ﬂ%é}é‘éﬁﬁq%c gﬁaﬁn‘é’ﬁ’?‘%gﬁ’gkz‘% %/\PW“@“Qg{fect abl e
syst em | eviguredi kint therregistered DIMM, theldlecissighai 107220 & terrhihatéd biyher
i ncl udi ng ci r.cui tr); to reduce POWBI bi/i ez&mrég clock term nation during
active per Feuigtonga7 atdbs gapneetion with diveniFds 2B3. RUvar202has a Jeedhackods.
12 loop 247 and drives clock signals 257 and 259 to respective SDRAM chips 205.
Driver 202 would also drive clock signals to registers (not shown). It should be
understood that many clock signal lines may emanate from PLL 202 in
proportion to the number and sophistication of the SDRAM chips. The dotted
lines at chips 205 indicate additional chips which may be present on the opposite

side of the DIMM.

Fig. 2 is a schematic layout of a memory system 100 using unbuffered
DIMMs 140. The address bus 150, control bus 160 and data bus 170 are shown
in simplified form between the memory controller 120 and the DIMMs 140. The
clock driver 130 is shown internal to controller 120. The clock driver 130
communicates with DIMMs 140 through clock differential lines 180 with only one
of the clock 310 and clock-bar 320 connection enumerated for ease of

illustration.

Figure 4 is a schematic layout of the clock signal wiring (net) for a 184 pin
unbuffered DDR DIMM 140 usable in meméry system 100 of Figure 2. The
clock 310 and clock-bar 320 lines are terminated by resistor 325. While Figure 4
shown split of the clock net lines to drive several SDRAM chips 305, it should be
understood that the configuration could also be constructed with dedicated clock
signal input for each SDRAM, for smaller groups of SDRAM chips or for larger



15.. A nenory nodul e that includes nore than one clock term nati on nethod)
where by the clock termnation permts a nmultitude of nenory assenblies to .
share a conmon clock pair or to operate with unique clock pairs to each
menory assenbly. 16. The nenory nodul e of claim 15 wherein said clock

term nation nmethod is °~ selectable via a control signal to the nenory
assenbly. 17. The nenory nodul e of claim 15 wherein said clock term nation

net hod i s geiupstfdSRHRAM chipsi Each-clotkislockhagpairwod stilhava@ tesninagion
assenbly, wher.eby t r 1 e} d can be selected by tying said pin
to one of {?JFZStg[,god]?qﬁg}%&Mﬁh%@eﬁ%”g% | eavi ng the pin unconnected at the
next | evel of assenbly. 18. . The nenory nodul e of claim 17 wherein the

default term nation selection is a resistor across a differential pair. 19.
The nenory noduFiguse s & sehesnaficlayput ef-aniembediraentsoftheinveartionrwheredul e.

aroup cons B IHEBEH feeqeldte TRy e Phds Bagh miodiied f B84re ronory
nmodul e.  21selébabiesiock temminhtion Ehownias AVFETeswitoh 248 whidhoiakludes ainnat i on
method is selectable via a previously unused gln on the nmenory assenbly. 13

~2. The .neifveterdiiied and N-EEL dhegalesfithe N-bEd|is ernbectinparalial terdt hods
default driver 246 which is a connection to DIMM power supply V. through a

resistor. The value of the resistor may be selected as appropriate for the switch
specifications. The default driver preferably acts to maintain the switch in the
"on" position such that termination of the clock is achieved through FET switch
245. If the resistive load of FET switch 245 is inadequate by itself for the desired
termination, additional resistive load(s) (not shown) can be incorporated in series
with FET switch 245 between the differential clock line pair.

The default state of switch 245 can be overridden by input 290 from
memory system 10. Preferably, input 290 is connected to an unused pin of the
DIMM, for example in a 184 pin DIMM, pins such as numbers 9, 101, 102 or 173.
The input 290 may also include pullup or pulldown transistor configurations for
eontrolling the input to switch 245, Figure 6 shows a similar configuration as in
Figure 5 except that there is no on-DIMM default driver. In this case, the switch
state would be controlled through input 290a from the memory system. In the
case of Figure 6, it is highly preferred to avoid a no-connect at input 290a such
as would cause switch 245 to float.

Figure 7 shows an implemehtation of the invention for an unbuffered
DIMM. In this case, the FET switch 345 is used as the selectable termination.
The control for switch 345 is through input 390 from the memory system. Where



i nclude a default term nation selection of a resistor across a differential
pair. 23. , ~The nenory nodul e of claim 20 wherein said clock term nation
nmet hod is selected via use of a vdd, V~ or ground pin on the nmenory
assenbly, whereby the term nation nethod can be selected by tying said pin
to one of the supplies identified or by |leaving the pin unconnected at the
next | evel of assenbly. 24. The nenory nodul e of claim 15 wherein said

cl ock t er n@single terminatiersiscusast iasdn Liguret 7 it i3 preferahty located sedi thedhpstai d
nodul e, s Wt radivgabl i ng cl ock term nati on on said nenory
assenbl y. afﬁﬁa?%‘ﬂe?ﬂb‘?@sgk 3!]&43'Wc| aim 24 wherein said switch is a FET
swtch. 26. The nenory nodule of claim25 wherein a FET swtch is used to
enabl e or disable each clock termnation. 27. The menory nodul e of claim 25

wher ei n t he FETFige 8ishexs a furthervariatiop where nyiitiple derpipatipng 245a and

o ookt er AR b ROHetar i CheBRIt 248 HRENEEFE hfinel Hsibi BRABNRIRY {le
of nmenory thessotk hes Tmsszbnrgumtmmmh@imumpmbr:amn termimgtiont € Wi th uni que
clock pairs to each nenory assenb menory subsystem of claim

28 wher ei reepfigurations ae nr§f¢fﬁbl?gwa?'@o§tuhﬂ%19éh%ﬁtﬁskf erncesn. Eshquidbrystem to
enabl e or diaghhat fleWdfedHIY HEEK RiImihtioRemal BB IYcA8d HTBhY desired

point(s) in the clock net (e.g., at or near an end of a clock net, a split point of a
clock net, etc.). If desired, multiple switches, other switch designs, and/or
terminations different termination modes may be included. The memory
assembly preferably permits operation in systems having both single drop
end-terminated clock nets and systems having multi-drop clock nets. The clock
termination method may be selected from any known suitable method for the
module design. The clock termination method is preferably selected from the
group consisting of (i) single end termination, (ii) source series termination, and
(iii) source capacitive termination. It may also be possible to have configurations
where multiple termination modes are selectable on the same DIMM (or other
memory module).

An alternate embodiment of the invention would include the elimination of
the series or parallel termination and the addition of a single end terminator
(beyond the final DIMM in the bank).

With the termination selectability, the memory controller preferably
includes detection circuitry to determine the type of memory clock termination
utilized, whereby the clock drive is adjusted to match the termination method.
Such detection circuitry may be similar to that described in US Patent Application
09/240,647 mentioned above. The clock termination permits a multitude of



30.. ~ The nenory subsystem of claim 29 wherein said FET switch includes an

‘on-resistance’ which is designed to provide the clock term nati on when the.

device is enabled. 31. The nenory subsystemof claim30 a FET switch is
used to enable or ° disable each clock term nation. 32. The menor y
subsystem of claim 30 wherein said FET switch is active (‘on') as a default
condition whereby term nation is enabled. 33. A nenory subsystem whi ch
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useful in the context of DDR memory modules, more preferably a 168-200 pin
DIiMMs, however the invention can also be used with conventional SDRAM
modules and with future advances in memory technology (e.g., future memory
memories using such technologies as DDR ll).

For low power, low pin count or high performance systems, the system of
the invention would preferably disable the default clock termination (as described
above), and implement any of several possible clocking solutions (based on the
end-objectives). Examples of alternative termination/control methods include
transition-controlled drivers at the chipset, with either series resistive termination
or an R-C termination in parallel with each clock leg (the resistor being in series
with the capacitor).

For high performance (e.g., DIMMs with clock re-drive), the memory
system preferably further includes transition-controlied drivers at the source, with
the same termination options described above. In addition, the clock would pass
from the controller (or clock buffer) to each DIMM in series (each having a very
short stub to the DIMM PLL device). This method would result in the clocks
having approximately the same loading and delay as the address/control bus
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maximum possible address valid window to the DIMM, without having to delay
the clock to the DIMM. The latter method is often used today, and has the
drawbabk’ of delaying data being sent back to the controller - often resulting in an
added clock of latency (a performance hit). Lastly, this method may further
permit additional DIMMs to share the same address copy - reducing costs and
pins on the memory controller.

This invention will permit memory modules to be developed that can
operate in existing (emerging) memory subsystems, as well as meet the low
power/low pin count needs of future memory subsystems - with no required
changes to the existing/lemerging systems. For 184 Pin Registered DIMMs, the
power savings will equate to greater than 200mw/DIMM, and systems will be
permitted to connect DIMM clocks in serial, similar to address/control lines -
thereby increasing the address/control window as well as the system read
loop-back timings.

As noted previously, the invention is not limited to any specific memory
module or memory system or end application.
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1. A memory assembly with a selectable system-level clock termination.

2. The memory assembly of claim 1 wherein said selectable clock
termination is located at or near an end of a clock net.

3. The memory assembly of claim 1 wherein said clock termination is located
at or near a split point of a clock net.

4, The memory assembly of claim 1 comprising a switch for enabling and/or
; " disabling said clock termination.

5. The memory assembly of claim 4 wherein said switch is a FET switch.

6. The memory assembly of claim 5 wherein said FET switch is connected
to an unused pin on the memory assembly.

7. The memory assembly of claim 6 further comprising a pullup or pulldown
device to establish a normal operation mode selected from clock

! termination enabled and clock termination disabled.

8. The memory assembly of claim 7 further comprising a connection for an
external signal for overriding said pulidown or pullup device.

9. The memory assembly of claim 6 wherein said FET switch is enabled or
disabled via a connection to power or ground through said unused pin.

11
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10. A memory system comprising the memory assembly of claim 9 further
| comprising a conventional power pin tied through a pullup or pulidown

oo device to the opposing power rail.

11. -The memory assembly of claim 1 wherein said assembly is operable in
systems having both single drop end-terminated clock nets and systems

! having multi-drop clock nets wherein clock termination method is selected

from the group consisting of (i) single end termination, (ii) source series

termination, and (jii) source capacitive termination.

12. A memory controller that includes detection circuitry to determine the type
of memory clock termination utilized, whereby the clock drive is adjusted

to match the termination method.

13. A memory system that includes:
(a) aclockdrive,

(b) a memory controller that includes detection circuitry to determine

the type of memory clock termination utilized, whereby said clock
drive is adjusted to match the termination method, and
(c) amemory assembly with a selectable system-level clock

termination.

14. . The system of claim 13, further including circuitry to reduce power by
engaging clock termination during active periods and disengaging clock

termination during inactive‘periods,.
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15. A memory module that includes more than one clock termination method,
where by the clock termination permits a multitude of memory assemblies
to share a common clock pair or to operate with unique clock pairs to

each memory assembly.

16.  The memory module of claim 15 wherein said clock termination method is
selectable via a control signal to the memory assembly.

17. The memory module of claim 15 wherein said clock termination method is
selected via use of a Vad, Vaaa OF ground pin on the memory assembly,
whereby the termination method can be selected by tying said pin to one
of the supplies identified or by leaving the pin unconnected at the next
level of assembly.

18. . The memory module of claim 17 wherein the default termination selection
is a resistor across a differential pair.

19.  The memory module of claim 15 wherein said module is a DDR memory

module.

20. The memory module of claim 19 wherein said module is selected from the
group consisting of a 184 pin DDR memory module and a 200 pin DDR

memory module.

21.  The memory module of claim 20 wherein said clock termination method is
selectable via a previously unused pin on the memory assembly.
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22. The memory module of claim 20 wherein said clock termination methods
include a default termination selection of a resistor across a differential
pair.

23. . 'Tﬁe memory module of claim 20 wherein said clock termination method is
selected via use of a Va4, Viasq OF ground pin on the memory assembly,
whereby the termination method can be selected by tying said pin to one
of the supplies identified or by leaving the pin unconnected at the next
level of assembly.

24. The memory module of claim 15 wherein said clock termination methods
comprise a switch on a memory assembly of said module, said switch
enabling or disabling clock termination on said memory assembly.

25. The memory module of claim 24 wherein said switch is a FET switch.

26. The memory module of claim 25 wherein a FET switch is used to enable

or disable each clock termination.

27. The memory module of claim 25 wherein the FET switch has a default
active ('on') state wherein the termination is enabled.

28. A memory subsystem that includes more than one clock termination
method, whereby the clock termination permits a multitude of memory
assemblies to share a common clock pair or to operate with unique clock
pairs to each memory assembly.
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on the memory assembly.

30. 'Th'e memory subsystem of claim 29 wherein said FET switch includes an
'on-resistance’ which is designed to provide the clock termination when
the device is enabled.

31. The memory subsystem of claim 30 a FET switch is used to enable or
* disable each clock termination.

32. The memory subsystem of claim 30 wherein said FET switch is active
(‘on') as a default condition whereby termination is enabled.

33. A memory subsystem which includes the ability to have one or more
clocks disabled via a FET switch which is integrated into a clock path.
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