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Cl ock Termination Background of the Invention In nenory systens andZ4 JUL 2006
‘mcroelectronics in general, there is a desire for performance, power
‘conservation and conponent. conpati bility. These issues - are especially

i npor tant  wheSyndbeirpusddemory Mdchdesahd MemonySystehsohits Selettable C¥BEk | Ng
technol ogy) are occurring at very rapiférpitiopy nobile applications,

hi gh- powered applications, etc. (e.g.-, PCs, nobile systens, = printers,

RAI D. applications). In recent years, the need for inproved nenory system

speed/ per f ogap Cu‘?zurﬁ@lsofqgé‘fﬁvrbqtfo@e devel opment of synchronous SRAM and .

synchr onous—dym _ menory (SDRAM . Even nore recently,
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continue with the introduction higher clock speed version

(e.g., 166 meespesinlysipmartant whesadesign @ivaneesi(both ioimaDBAMechndlogpR- SDRAM
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feature. of synchrqpous nepory systens is,the presence of a or clock
buf f er sourﬁé“qpﬁvm&?p@m%-at ion with the individual nenory nodul e(s)
of the nenory system Aspects of such systens are disclosed in US Patents
5, 896, 346; 6,043,694; and 6,081,862; the disclosures of which is

i ncor por at ed her i necbyt yasirer theowedfdrémpeoveeonemmng sgéteaussed i n US Pat ent

speed/performance has driven the development of synchronous SRAM and

synchronous dynamic random access memory (SDRAM). E_Ve'n more recently,
- so-called double-data-rate (DDR) SDRAM memory modules have been
‘proposed and developed. The DDR-S_DRAM_effeotive_ly doubles the datai

- throughput at a given sysfem -clo'ck'speed.. These types of ad.-vénces ar‘é'
expe‘cté_d to continue with the introduction higher clock speed vefsions of
'DDR-SDRAM {(e.g., 166 MHz clockispeéd or greater). Dis_cuési_ons of SDRAM
and DDR-SDRAM can be found in- JEDEC standards publications. Another
reference covering thé background of this tec-hno_légy is the book, "High
'Performahce Memories," by’.Be,tty Prim;:e,‘published by’Wiley & Sons, (1999).

A main feature of synch_ronous m.emo_ry systems is the presence of a
 clock or clock buffer source in direct communication with the individual m_embry
module(s) of the memory syste..m',." Aspects of such--systems"are disclds_ed in US
-Paténts _5,896,346; 6,043,694; and 6,081,862; the disclosures of which is
'“incorporat'ed herein by referé_nce. Other aspects are discussed in US Patent
Application 09/240,647, filed January 29, 1999, now'@6: 3.47'r367___, the disclosure of
which is incorporated herein by reference. |
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Appl i'cati on 09/240, 647, filed January 29, 1999, now 6, 347, 367.0 the

di sclosure of which is incorporated herein by reference. 1 | 24 JuL 2006
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of the InvenLyifl of producers to develop new/unique modules that service these new
opportunities, unless some means of maintaining backward compatibility is

maintained.

Thus, there is a need for a way of maintaining compatibility between
memory modules in the same memory system, and in particular, for memory.
systems containing both SORAM DIMMs and DDR-SDRAM DIMMs. There is
also an need'for.designs/methods of improvihg clock signal management

 flexibility.

Summary of the Invention ,
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

' compatib|é 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



The invention enconpasses nenory systens and/or nmenory nodul es whi C|2 al | o
sel ectabl e cl ock term nati on between the clock/clock buffer and.the réemg zﬁﬂﬁ
‘modul es. The invention provides a fully forward and backward conpati bl e
menory sol ution. The invention provides the nenory nodul es thensel ves and
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enconpasses a nenory controller that |ncludes detection circuitry to
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- selectable clock termination.

The invention also encompasses 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. The
lnventlon further encompasses a memory system that includes such memory -
controller in combination with a memory assembly with a selectable system-level

clock termination.

The invention further encompasses a memory modu"le 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. The clock termination method is
preferébly selectable via a control signal (e.g., Vaa, Vasa or'gfound 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.



‘controller in conbination with a nenory assenbly with a sel ectable
system|evel clock termnation. The invention. further enconpasses) @ 206
‘menory nodul e that includes nore than one clock term nation mnethod,
whereby the clock term nation permits a nultitude of nmenory assenblies to
share ‘a conmon clpskinvehtiom alsocerapenpassesia memory gubsysteakthahincludes reamsh

‘menory assenbly, The clock term nation t hod,i s referahbly selectable via
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are described in further detail below Brief -Description of the Draw ngs
Fig. 1 is a schematic |ayout of a menory system using registered %MVB

Fig. 2 is a scherBhése araother aspactsmithg invipstionaie degeribasLinifurtber dstots .
Fig. 3is a schematic |ayout of the clock signal wiring (net) for a 184 pin
regi st ered. ¥ MM usabl e in the menory systemof Figure 1. Fig. 4 is a
schematic 'l ayout of the clock signal wiring (net) for a 184 pin '

Brief Description of the Drawings
Fig. 1 is a schematic layout of a memory system using registered DIMMs.

Fig. 2 is a schematic layout of a memoi'y system using unbuffered DIMMs.

Fig. 3 is a schematic layout of the clock signal wiring (net) for a 184 pin
registered DDR DIMM usable in the memory system of Figure 1.

~ Fig. 4is a schematic layout of the clock signal wiring (net) for a 184 pin

“unbuffered DDR DIMM usable in the memory system 'of Figure 2.

Fig. 5 is a schematic layout of an embodiment of the invention where the
layout of the registered DIMM of Figure 3 has been modified to add selectable

clock te'rmination with DlMM-driveh default clock termination state.



-\unbuf’fered PDR DI MM usable in the nenory systemof Figure 2. Fig, 5is a
schematic layout of an enbodi nent of the invention where the |ayopy JE[ Mhige
‘regi stered DIMM of Figure 3 has been nodified to add sel ectable cloc
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sel ectabl e LRedreaDININ e Fidurg 3 has heemnyodified toradd splgctables a
schematic I?&ggfggﬁ@emodi ment of sjtuhe i nvention where the [|ayout of the

unbuf fered ElobMtednifation drivernby threBemyi VSNt o add sel ectable cl ock
term nation driven by the nenory system Fig. 8 is a schematic l'ayout of an
enbodi ment of the invention where the Ilayout of the registered DI MM of
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Descri gt i onlaybut bfthenurinifiesed BiMM ol Elgure '@?ﬁbﬁ%ﬁ@@é‘?‘%ﬁ%@ é@g?tg%e

and/ or menor dul es,. L t cl ock term nati on between the
cl ock/ cl ockc%&gf?%'im'gﬁﬂor\évﬁw&rg%ﬁ%v D ﬁrﬁegg{éfﬂ'e i nventi on provides the
menory nodul es thensel ves, the nenory systens that include enabl el di sabl e
pins to use these nodules, nmenpry -controllers. t_dengle WG L Ry or
drivin g.sel ecti &ig.d¥ istenecharalic gyl AN 8'5"%8?56%3 oafstnvg\é'i‘%%é@ho erIF tEa‘lt_gp_ect s
der i ved f1OfpLp cPlSsRIRTeRY BV FRgireld Ras besh modifioi tattid selaciaiie | i ty

provi ded by I"’hventi on. erring tothe draw ng{s, Flgéjrﬁf shows a
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DM 40 are driven by clock buffer 30 and nenory controller 20. Menory. 20
conmmuni cates with DI MV 40 through

Detailed Description of the Invention
The invention encompasses memory systems and/or memory modules
which allow selectable clock termination between the clock/clock buffer and the
'rhemory modules. The invention provides the memory modules themselves, the
memory systems that include enable/disable pins to use thege 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, Figuie 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 controller 20. Memory 20 communicates with DIMMs 40 through

| éd.dress bus 50, control bus 60, and data bus 70. It should 'bg understood that
ihe actuélly 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 (Vi7) 95
for address bus 50 and data bus 70 are also shown. Clock out lines 93 and
feedbac_k lines 90 cbnnect clock buffer 30 with drive circuits (not shown)



~ad-dfess bus 50, control bus. 60, and data bus 70. It shoul d be undes s 1096bs
that - the actually wiring of the various buses is grossly sinplified in the
‘drawings (i.e., not all the_physical wiring is shown) for ease of

illustration. Termnations (VIT) 95 for address bus 50 and data bus 70 are
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signals are provided as a vol tages. Thus, each as a

cl ock 210 ariMMdEs datockZD Ccamchelockdar 2BDgonpegtiathows a schemati ¢ | ayout
of the clock net for a DOMM 40 of Figure 1. In the registered DIMM the
cl ock signal 210/220 i-s termnated by resistor 207 at the connection wth

driver (PLL) 202--#@0@/@%}16@«% d8éhembhrerdiagkof the aockdrfetdoea dylMstocdfock
signals 257 and 259 to respective SDRAM chi ps. 205. Driver 202 would al so

drive cl ock Figgreal s In the egisteeadsDIML theneleely signal 21@/8RA interminateddood t hat

nanber and SBARIHALAE R ST eRIOLBANTTURT HeLin02 RrFACES haga fpabte
205 i ndi cat qo349iatyi 4HiPdriveY EIBckBighBISTEST &d D69 16 éspBTtive SBRANECHIPs 266de of

the DOMM Fig. 2 is a schematic [ayout of a nepory system 100 usin
unbuf f er ed [Diivan204gouldralse dive stock signatpto tegigtets (Netshewn). al $hauldbeus ~

170 are shoun 0 S4/TRLI K6 of SVEBEINFED ohdipe B SABEOHR 120 and the

DI MV 140. Shown i rmtern o controller 120. The
cl ock dri verprdg6rtiondortheinuatiss arid sobistivation f the SDIRAMIabips. dThe dotedi al

lines 180. Vﬂ|@2s£'o¥@°sgf05 ﬂqi%?g% raglgﬁ%ﬁg?gl%pg M r%%&b%a{)rergégt SRS Sﬁi)gg‘te

enuner at ed
' 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 an_d'_déta bus 170 are shown'
in simplified form between the memory controller 120 and the DIMMs 140. The
clock driver 130 is shown internal to controlier 120. The clock driver 130
cdmmuhica.tes 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 memt\ary system 100 of Figure 2. The
clock 310 and clock-bar 320 lines are terminated by resistor 325. While Figure 4
shown spl'it of the clock net lines to drive several SDRAM ch'ips'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




W Fi gure 4 is a schematic |layout of the clock signal wiring (net) for a 184
pin -unbuffered DDR DI MM 140 usable in nenory system 100 of Figure 2.4 JtHe2006
‘clock 310 and cl ock-bar 320 lines are term nated by resistor 325. Wile
Figure 4 shown split of the clock net lines to drive several SDRAM chi ps

305, it should be od t r
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Each cl ock/clock-bar pair would still have a termnation resistor (or other

term nation elenents). Fi gure 5 is a schematic |ayout of an enbodi nent of

the inverition out th I.stie f.

been modi fi ed t\g{}:ggwe é@l %é? tn(&qugﬁpggﬁ]&aﬁi‘q&g’ﬂ &m% |£|5 ‘@éﬁ‘ﬁ% t ch
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connect in parallel to a fault driver 246 wh IS _a conpectjon to DI MM

power suppl selectabiemierk tannméupgtsdswwmmamﬁ?eswﬁcft RA5 which insfudegyane
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‘term nati on gfalilb@ri¢erarde whichdb Ia&)(ﬂd\ebﬂomtg@llﬁ&ll'pswet stipply X45throvight ae

resistive load of FET switch 245 is inad Sﬁ% itself for th&?(rtles*red
ter m nat i on fesistir iT@eavalw@gf tia tnsistermey Posiectefl arAPReaRrisle foR

in series L L F | fohsh bhRetHeal T .
The def aul t\gg%gﬁfggﬁ?ﬁ ga:lqajpcan eoverlg?ggﬁ%hin%'thegwg r'}fom

menory systedn'1603|90|efsaclalttha;t tennlpatloQ@Othesdodnh?e@QfBﬂVQd)PMﬂUﬂlhEEJ switah of

e, B LoE SERTLE At PEE S B3 BRI B el
confi gurati gagnihation Cadifi <§Hél iregstivieloat (8) (nblostowm) danibincergorateddn sedes  a

Si m | ar confi uration as
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 pulidown tra-nsistor'conﬂgurations for
controlling 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 controlied through input 290a from the meniory 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.

Fig_ure 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



“Fig ure 6 except that there is no on-DIMM default driver. In this case, the
switech state would be controlled th rough input 290a fromthe nenord4 JUL 2006
‘'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 inplenentati on of the invention for. an buf fere DI In thi
case, theI gp@'@m@ﬁhmonés H§%|@' %&'nt ngee?'ét:lsdﬁg f%éWﬁP?FﬂF%ﬁwhﬁq@put's

control for ] b Sk iapout 390 fromthe nmenory system Wiere 7
2 4 JUL 200 éf"g'irt%ﬁﬁg"@rknﬁmna |§InMP§ used, as in Figure 7, it is

preferably | ocated near the input |ocation of the clock on the DI MM
Figure.8 shows a further variation where multiple termnations Ha d
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of & clock Renligwalpns ereBreferame whtss s pBatheaft of Sofperstat SRl T ore
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nodes nmay be I nc e menory assenbly preferably pernmts operation in
syst ems havpoint{s)tim the dgtk net (9., @honeeai aaebd of acdeckaet aanlit Boist ehe
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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 terminatiori, 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
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elimnation of the series or parallel termnation and the addition b
‘single end term nator (beyond the final DOMMin the bank). Wth the

term nation selectability, the nmenory controller preferably includes

detection circuitry to determ ne the type of nenory clock, tegm nation
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clock pair or to operate with unique k pairs to each nenory . assenbly.
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(e.g.,Vvdd, VvddQ ar. gr ' : )
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control cirgdthfinatort isckieg ringreativeypetiods kand disengagéed durieg évaptiged
during active periods, an i sengaged during inactive periods. It should
be under st oBEM®#%&t the invention is not limted to any specific menory
system or nenory nodul e configuration. The invention is especially useful
in the context of DDR nmenory nodules, nore preferably a 168-200 pin DI Mk,
-however the inveittshanldhe uadsostoed tisatdhednvientiomisemeti ltnited BDRAEpesitiell es and

with future advances.in nenory technpl o e.d., ture r rie
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the default cloc ermnation (as described above), and Inplenment any of
several posBiMMs, howsventhesiovantiemean plsode used with conventional SDRAM

modules and with future advances in memory technology (e.g., future memory

memories using such technologies as DDR Hl).

For low power, low pin count or high performance systems, the system of
the invention would preferably disable the default clock termination (as described
abbve), 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-des_cribed 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



. end-'obj ectives). Exanples of alternative termination/control nethods
“include transition-control led drivers at the chipset, with eitherZ$dtlL 806
‘resistive termnation or on RCtermnation in parallel with each clock

|l eg (the resistor being in.series wth the capacitor). For high
performance (~.g, DIMW wth clock re-drive), the nmenor system preferably
further inclwHieh is awmsnet-d:wemomuiMM)ewmnh wilk restl in the address andiclackst he

bed. | d l d
From the coarinong af e MMCRrARrIBRatel e sBrReXier - This Wi @RI haci ho s
very short siubhp BQbIQ'WrE%vQWWOW ire DRAMOitWeUl Kaviegtd Helay t he

- cl ocks having appr X|na sanme | oadi ng and delay as the
addr ess/ contfi@kloekgo the MMMJLTaemﬁter(mmlmﬂ is oftendiseddoday.vand isas theww) |

oby 0! ot ckiyawheck ranieyiRg Jeia ety s SR Gine Fhfol- it b un an
address val iy %%Ofga@a%%?%wﬁownfahe%nhaua WSG‘@étﬁMd mdaemtr@ek to the

DI M The | &EEr en used today, and has the drawback of
del ayi ng' daiperiiagitomal DiMMs tocshatre the samsi address 6ppynreduning cogds igfdan

added cl ock of |atenc a_ per nce hit). Lastly, this nmethod may further
permt addi PIFHAD tﬁﬂl&"?%?ﬂ&%%he sane address copy - reducing costs and

pins on the nmenory controller, This invention will permt nmenory nodul es to
be devel oped that can erate in existin rgi ng), nepory, ,supsystens, as
wel | as neet theThbSMnVQBg@’PM'bﬂ?’ﬁ"ﬁ"@é‘ﬂl‘?ﬁ'qﬂé‘g@gsg‘? BgtﬂQYF’ n‘B?‘e %'Ubsystems
- wWthnor i i 4 Pin

. a?%kétgqn ﬁ‘igﬁﬂg g%hgﬁngmvﬁ sﬁﬁé i i3l BS wollsdseheet tH lowd

Regi st ered e to greater ‘than
-200mM DI MM p@lmrﬁmmﬂeowtldeelds ofﬁehm memwyoetdzsrya@ms pwitlvingl reguised n

serial, sl mclhgagctag toa dergagt/mc grtn%?glng systséms 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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‘I oop-back timngs. As noted previously, the inventionis not limted
specific nmemory nodule or nenory system br- end application. 10 2 4 JUL
2006 Cainms A nmenory assenbly with a selectable systemlevel clock
ten-nination, wherein said menory assenbly is operable in systens having
bot h si ngl eCdal@pS{ end- term nated clock nets and systens having nulti-drop
clock nets wherein clock termnation nethod is selected fromthe group
consisting of (i) single end tennination, (ii) source series. termnati.on,
%d (iii) sgur CF daproidry weserrdryrivitd ¢ egfectable 'Fbi@elﬁéﬁ‘b?lfl%gst@%‘lnﬁhﬁf’ VETAT 1
erein said selectable clo mi i i [aTat:li : eai-of
a clock net. 3. Tﬁ@%n@ﬁ\??{) éésg[énﬁ)%}{ f/g]g#élgplgi % ?L)ls vvherﬁg\illﬁé sbgiﬂldrggll%([)ecsfbp Bl
term nation mlo is I O;Eahili‘ﬁiatai clck nemaandasysfeiist hayiighmubi-deopctloekk neis twherein Tipsk
nmenory asse y of claim1, conprisin switch for i /
di sabling said cl GERMEEIRN H%?fchogﬁ‘.s gqle(%fg frr?ér?r&ﬁ?/ %%?e%@%ét%@g%ﬁawnﬁ%le end
wherein sai d sw t ¢lpfiSatRnlEi) ssufct G8riesGerniiigiofg ald (i pmereiapadifivcieanmagon.
wherein said FET swtch is connected to an unused pin on the nmenory
SSFngIy. g. The nmenory gfsenbly of claimb5, further conprising a pullup or
ul I down vice t J ; e i | temeiedro sk
term nati onez'enabliglgexg%rg (,}J| %Jgﬁrﬂ%)fx%ﬂﬁéﬁg,nﬁ/giéﬂsegﬁdiﬂé-%igé%%ﬁg dr?gnory assenbl y

of claim7, furthdecaangorstargnendofnebickeont.for an  external signal for
overriding said pulldown or pullup device.

t hereby increasing the address/control, w ndow as well as the syst%?@azq%

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 5, 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 pulldown 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.
10. A memory system comprising the memory assembly of claim 9, further

comprising a conventional power pin tied through a pullup or pulldown device to

the opposing power rail.

[RiLIBE]04490 doc:edz



9. The nenory assenbly of claim®6, wherein said FET switch is enabled or

di sabl ed via a connection to power or ground through said unused Mrﬂ4ﬂOLzm5
- nmenory system conprising the menory assentdy of claim9, further

conprising a conventional power pin tied through a pullup or pulldown

device to the opposing power rail. tR UBEj 04490 doc:edg 2 4 JUL 2006 12
11. A nenory controller that includes detection circuitry to determ ne the

type of nempry C[Aoﬁﬁreﬁo?{z“c@ﬁt%ieirQﬁ'atqﬁ.blhhﬁege{ezé%%\r&xléﬁitfwﬁ) Gtaekingl theV &k HF

adj usted to tch erm nation met ho menory systemt hat
:j ncludes: (a) a aiensitydidckeermnitytion utidized,ywlssettyr b ckockidriye 15 adipgiedte match
etection circuitry to determne.the type of menory clock term nation
utilized, whereby! atFH“@P%%‘kmSGHOQ-e is adjusted to match the termination
Fethpd,tand (gé aTHenDry assenbly with a selectable system|evel clock
enni nati on. . e menory system of claim 12, further including circuitry
to reduce pdder bﬁmﬁ@@gmg@%ﬂ@&wc{l@ﬁﬁ nation during active periods and
di sengagi ng clock tennination during inactive periods. 14. A nenory nodul e
that includes nore than one clock term nation nmethod, whereby the clock
tenni nation pen-ni#)s a melgcktdnde; of nmenory assenblies to share a comon
clock pair or to operate with unique clock pairs to each menory assenbly,
wherein said clock ten-nination nethod is selectable via a previously
\tljwqused pi n gn t he (Blenor v @msmernbtontrollsr tliEhénaedes rdgtastionlccwifrydp letarmane the
erein said clock ' [ '
o tylateecgf[?ngr%%}ypaoaza {eprggna%i(s)n utilized, whereby said clock drive is adjusted

to match the termination method, and
(c) a memory assembly with a selectable system-level clock termination.

13. The memory system of claim 12, further including circuitry to reduce power by
engaging clock termination during active periods and disengaging clock

termination during inactive periods.

14. A memory module 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, wherein said clock termination method is selectable via a previously

unused pin on the memory assembly.

15. The memory module of claim 14, wherein said clock termination method is

selectable via a control signal to the memory assembly.

16. The memory module of claim 14, wherein said clock termination method is
selected via use of a Vg4, Vaaq or 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.

17. The memory module of claim 16, wherein the default termination selection is a

resistor across a differential pair.

[RSLIBE]24496 doc.edg



selectable via a control signal to the nenory assenbly. 16. The ne
nodul e of claim 14, wherein said clock terni%ation ne?hod IS se|e23§§JUL3%6
‘use of a Vdd, VddQ or ground pin on the rébery assembly, 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.
17. The nmenory nodul e of claim 16, wherein the default term nation

sel ection i Sljﬂ_ Zgﬁgs&%%f?f rn?%(ﬁll% o didigt ent 'w?ilerelﬂ@'séld BduleLis BEDHBR Yemory

doc.edg 2 4 e nmenory nodul e of claim 14, wherein said
nmodul e is a DDR manedute. nodul e. 19. The nmenory of claim 17, wherein said
nodul e is selected fromthe group consisting of a 184 pin DDR nenory

nodul e and a 200 pin DDR nmenory nodule. 20. The nmenory nodul e of claim 18,
wher ei n sai di¢cl ockTHee iBnivaYy | dnclaigi hcyds»/hamnlsade neodaéf aulseletted rframatthergroup

selection of a resistor across a differential palir
of claim 18, wher edonsisangl o€ |ot¥¢* PEY Hfﬁ%um%ﬂor Hg‘blelaél]d %gpgd%lgg?@%ang%gry
a vdd, vddQ or grqypg, c] pin on the menory assenbly, whereby the termnation

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. 22. The

menory modul g, of ﬁt@a} %ﬁ%r{%&ﬁ fb Do By CHOWREHTLARI AR TEkOREn GeBal se

a switch on sai said switch enablin

di sabling cl ock teﬂhmuﬂata|defaunmersanajlammmcyorasfsaewbﬂsgor agi®ss a‘ﬂéfeﬂ@m?yalﬁodul e
of claim2 1, wherein said switch is a FET switch. 24. The menory nodul e of
claim 22, V\/nerei n a FET switch is used to enabl e or

21. The memory module of claim 18, wherein said clock termination method is
selected via use of a Vg, Vadq or 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.

22. The memory module of claim 14, 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.
23. The memory module of claim 21, wherein said switch is a FET switch.

24. The memory module of claim 22, wherein a FET switch is used to enable or

disable each clock termination.

25. The memory module of claim 22, wherein the FET switch has a default active

(‘on’) state wherein the termination is enabled.

26. 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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di sabl e each clock term nation. 25. The nenory nodul e of claim 22, wherein
the FET switch has a default active ('on') state wherein the term ndthi Jhih 2006
'is enabled. 26. A nenory subsystemthat ingcl udes nore than one cl ock

ten-ni nati on nmethod, whereby the clock term nation permts a multitude of

menory assenblies to share a common clock pair _or to operate mﬁth(ynlque
cl ock pairs2fo eadhemesmory subsystambbf clajRRio} Bherim o ¢ Efoswitely1saniegilfd B é

-14 27. The nenory, subsystem.of ¢l ai , rein: E i (ol

integrated into aCIOGFo‘& ?{gfalgfsuﬁﬁﬁﬁgs?\gpg&mgt @I%Ria%b lgg%mrtggﬁggtﬁcfne Oglt(l)lgk
term nation on thglenﬁaﬂuggenaﬁ)senbl y. 28. The nenory subsystem of claim 27,
wherein said FET switch includes an 'on- resistance' which is designed to
provi de the clock ten-nination when the device is enabled. 29. The nenory

subsyst em ofygcl ai A28y eoiElibsydns Bf cRit9Td whereinadili FRI switctaiicideeac hon-
clock term nation. 30. Thé nenbry subsystem of clajm 28, wherein sagid FET
switch is active (essianceawhich igdesigned 18 gFYI4S BA CWQEN&B}}“Q‘@F}-‘%‘F‘W&P?@ ViPs!S
enabl ed. 31. A rrerg)g%egubsystem whi ch includes the ability to have one or
more clocks disabPed“Via a FET switch which is integrated into a cl ock
path. [R 'LIBE 04490. doc. edg

29. The memory subsystem of claim 28, a FET switch is used to enable or disable

each clock termination.

30. The memory subsystem of claim 28, wherein said FET switch is active (‘on’) as

a default condition whereby termination is enabled.

31. 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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