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For electronic systems, such as computers, termination is provided by
external resistors that are often located on the motherboard of the computer. An
external resistor having an impedance that matches the impedance of the

25 transmission line is selected to terminate a transmission line such as the
interconnection signal lines of buses connecting a plurality of integrate circuits.
When the external resistance matches the resistive component of the
transmission line impedance, there is little or no signal reflection. However,
external resistors for all the signal lines located on system boards use a large

30 amount of area on these boards.

As an alternative to external resistors, on chip termination or on die

termination, also known as active termination, can be used on the integrated
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maintained on for a length of time set equal to about a number of cycles equal to
BL/2 for a Double Data Random Access Memory ( referred to as DDR) plus one
25  and one-half clock cycles. For a memory that reads and writes one data bit per
cycle, the active termination is maintained on for a length of time set equal to
about the number of cycles equal to the BL of the memory.
These and other embodiments, aspects, advantages, and features of the
present invention will be set forth in the description that follows, and in part will
30 become apparent to those skilled in the art by reference to the following

description of the invention and referenced drawings or by practice of the

invention. The aspects, advantages, and features of the invention are realized
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accordance with the teachings of the present invention.
Figure 7 shows an embodiment of a mode register using bit locations,
25  which provide information for active termination control, in accordance with the
teachings of the present invention.
Figure 8 shows a flow diagram of an embodiment for a method for active
termination control, in accordance with the teachings of the present invention.
Figure 9 shows a flow diagram of another embodiment for a method for
30 active termination control, in accordance with the teachings of the present

invention.



Figure 8 shows a flow di agram of an enbodi nent for a
met hod for active termnation control, in accordance
Wmdohloud!veoteachl ngs of the present invention. PE/UYN003/@6103
shows a fl ow di agram of anot her enbodi nent for a
met hod for 30 active termnation control, in
accor daFigerevi0tshotvhe flosatipgragf ehothaeerpbasimant for a method for
i nvention. 3 WD 2004/ 046940. PCT/ 2003/ Q |
1 CPETEHRE 3tV SRFARALGR SATHEY > ShEER 8@% %"hf%rsg’“h%
me endi ng active term natlon control, in
crgrggﬁlggm\?m&{h the teachings of the present
| nvent i BigureF Igdioers ]111n$1hgv1@gmlt fqman@ltéloaguaaﬁm toomergories with
ite operation to es wi t.h . Slat
51t 6 SARENBUF P GRGPRIDIE B T B AL S pFyplpod
fEQ% ve t?ﬁm‘ﬁ AV &ntBl T ARbIRACSH FiR) teadhﬂlg@(b@ﬂ{diﬁeﬁﬁt
Wi he Teac Ings of 'the present invention. Figure
12insegin. a timng diagramfor a read operat| on in

menories wth aCASIatency of. thre q*burst Iene%
of four Fighreal? densdi fane dseran fRieHs OHeﬁa OB 1P ARG W

ter QA?&]% y 89{1{% d'biﬂ%slt Hﬂﬂ fg&ﬁﬁﬁ%%&b@@fnﬁ&@ ofa method

t ef |on con ance with the teachin

100f fdr fa@tNHt%ﬁﬁiﬁhtmrnM&mtoil malud[ﬁ%t eautetndmgm«zc fepmingtion fon
Preferred Enbodi nents g the foIJovvl detai | ed

deseerdsnrowithihe frachsn EHbEYF s, reference
S made 1o thR,AEERIMA dlbﬁgfﬂfe%faaédmb%hnﬁaﬁgn a part
her eof , and ch s shown by way of

i || ustr ghitehfollspacy ddt:ﬁleérdlbsmdnptmmbﬁthemrwﬂﬁmr@hemh@hments
i nventi ons d)g/‘ be practiced. These e

desferchesds intAds i thedoermapanyEeAriwings Efgb}&’g‘qjeﬂ? fg@ heteof, and
S kill d th

5 o lr{ ¥ 1[%'15? f}}]oaag rbiyr\;/ 0%8% 1@5@9&&10% es.l’%&éﬁﬁog%ﬁgﬁ@% r%aﬂﬁcﬁ fhe
ut idvieB6hsangly bdyatactivedC Fasse cpitediméntabre desuribeg uhmfﬁ@ant

changes may be made wi thout departin fromthergf%gp b
of detad tcz@nqbd@%lem skileddinthcoyt tomHacticg t 100134} 1t &f© be

Idle?h%@ef E @g}% Sthet Qg{)cﬁ]{ﬂ%ﬁs betu@ihzgd aﬁ(?tlﬁ rb&es electrical,

€ Scop Of the present i nvVenti on

i's ogﬁfebﬁ‘ﬁﬁ’ca@ Bﬂlz\hge@ﬁﬁaif B&n&ﬂ@&ﬁlﬁéﬂi dzbariting ﬁamdthcfsempe of the
equi val ents. System Figure 1 shows an enbodi P‘E
201 nibossemttinvomntioandbe fjlosysg detpilqgglescription 1s, therefore, not” to b

taken in a limiting sense, and the scope of the present invention is defined only

by the appended claims and their equivalents.

System
Figure 1 shows an embodiment of a information handling system 100

25 including a computer system 110 having a controller 120 coupled to memory
modules 130, 140, in accordance with the teachings of the present invention.
Controller 120 is coupled to memory modules 130, 140 by, among other paths, a
command bus 150. Memory modules 130, 140 include one or more memory
devices with active termination designed within each memory device. Further,

30 information handling system 100 can also include a keyboard 160, a mouse 170,
and a monitor 180 coupled to computer system 110 to receive inputs from and

display information to system users.
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embodiments include 16, 32, or 36 memory devices on a single memory module.
25  The number of memory devices varies usually to higher density memory

modules. Module register 232 is coupled to the memory devices 234-241 via

control lines 245 that are coupled to each memory device providing such signals

as row address strobe (RAS), CAS, and write enable (WE). Other signals such

as CS and clock enable (CKE) have separate lines from the register module 232.
30 Memory devices 234-241 primarily monitor their chip selects inputs to

determine if a read or a write is occurring for the given memory device. Further,
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an active termination control (ATC) signal, in accordance with the teachings of

the present invention. Clock signal (CLK) and inverted clock signal (CLK#) are
25 received at ports 304, 306, respectively. Inverted row address strobe (RAS#),
inverted column address strobe (CAS#), and inverted write enable (WE#) signals
are received at ports 308, 310, and 312, respectively, while CSO# and CS1#
signals are received at ports 314, and 316, respectively. Module register 300 re-
clocks these signals and drives out CLK, CLK#, RAS#, CAS#, WE#, CSO#, and
30  CS1# signals from ports 322, 324, 326, 328, 330, 332, and 334, respectively, to

memory devices to which it is coupled. In addition to re-clocking and driving
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25  which decodes commands to memory devices selected. CS1# or CSO# at ports

30

404, 406, respectively, are used in logic circuits to enable an output ATC signal,
or pulse. For a two module system, CSO# and CS1# enable the output of the
ATC signal on one memory module, while on the other memory module memory
devices are selected for read and write operations.

Decoding circuit 400 is a command decoding structure that includes a set
of gates decoding either a read command or a write command. If a write

command propagates through decoding circuit 400 of a module register, an ATC
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Fi gure 4 shows an enbodi nent of a decoding circuit 400
of a nodule register having an active term nation
W@oeoo/ 04020 f or outputting an active 20 term natPONUS2003/036103
control signal based on signals received on chip
sel ect ports 404, 406 and a plurality of inp
c osigeal vudt bestrarsmitteiipom pogt 405 1@1 meg1oay deBces; Cﬁupled to the

accordance wt {

SRR areett o e e BRRY P Baftats SRR o g girpit 00
415f a RbaMg r¥ifthr WEnshASH A TANS gMAKOnE peredIBtuat firspor t s
408, 410, and 412, respectively, are 1nput s;fgnals

depmﬂagvge throughiletcid §08. LEcAl & prodisesaene elorrayaz delay re(l)atlve
l.ect ed # CSOH
SToR b TS S B o

,n%zj@n out put ATC signal, or pulse. For a two
m) e system CSO# and CS1# enabl e the out put of the
ATC si gR@uraf shore amenthogimed of e mentiry 80 cludéngn P@ﬁrol

dul eV|c s are eIe d
e s Coccpe Jf ropdiveSeraaatatRg et B Blely
C OLRR eﬂﬁﬁﬁﬂin&nﬁ&lrs&‘éiay B $dMledith @h dele® tarmsightior$05, in
gat es decodi ng either read conmand or a wite
10c omevanthncd fvith ther tegahings @rﬁﬂwrmembmg@t®s Cphfvf@ldggﬂc 502 logic
e aeuh 0SB G G e BT YO

t r @%ﬁﬁ%l dlB gx@ 5005 AUPrBRhfs aﬂs%daﬂ 1ﬁ@rﬁ@1’y§boﬁﬁéﬂ' 1685% atshgpkigd to

e register. A read command that propagates
thamhghmﬂeuadhygrammmmmhuwdbrmnﬂbﬁﬂﬂﬁb@ﬁéwﬁé@msmﬁweto

transmt an ATC s naI from

or SBRGIIEN CRB R dior RO LR RSP e A Songinglhe
5¢! Q krefil&re éﬂ%ﬁ% L5 |c§1t1t'a1\ﬁ§ thode bRnlAR JfATHANGS rREesdary for

rea comman anot her nodul e regi ster. Menory

Fi ghdestondihgtie earbodivixonti disnitssest amcamsrerapyres(ied b}{:ﬂhgtﬁ sgfled

a control logic 502 coupled to an active term nation

coﬁ%ﬁ@rﬂport 504 for receiving an active termnation

contro

505, ' n B e e B AEpant SO0 SR iE1802

pr esehites OKB?I@UI@#,I anOhKralpotte 0@ 598,251I(bgaspectwn}yl ublegiory

timn clrc t t

20t oD St Feseives et Seags Loy B G e LR ASE L Al 312
neg?ﬁyﬂ%ogﬁd'ﬁk kég L &Givel OffGt %ﬁ'b'ﬂgcod@@%@dﬂrﬁﬁﬁd &éc%@é' K9@.YIn
or “st’at’e’ nachi n Or Cntro Ingthe state of the

acati¥iéion treémmbiye00das ome dheorenwteyregiFiers Yarsgaiterd centrol

Figure 5 does not contain.all_the
ogic 502 or coupled to control Jogic 502. The one or more mode registers 522

are programmed with information for operating memory 500 including CAS
25  latency, operating mode, burst length, and burst type. Additional operating
information can be contained in the one or more mode registers 522, depending
on the particular memory.
Memory 500 also includes an address bus 524, a data bus 526, and a
memory circuit 528 that contains data stored in memory 500. Memory circuit
30 528 is coupled to address bus 524 for receiving information identifying the
location for reading or writing data from data bus 526. The identification of the

location is contained in BAO-BA1 for selecting a memory bank and in A0-AX
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15 el enments of a nmenory, but contains those el enents

of a nenory necessary for understanding the
wenivadiaent s di scussed, as can be appreci at ed PYT/URIS®036103

skilled in the art. In addition to receiving an ATC

signal at port 504, control logic 502 receives CKE,

Clikgselentihs @ I@Ldfénesswrﬂmg agu@noryGenk.sie, managgraentiof. elnqn:ead and

CASR gk ROt S o5 SR8 hgdh S B Srmads

I SRR Glgry@bsor shdheds Bh@olle 200 @E FidhrE D MBN<Lad 8@ H it 20.
In addition, nmenory 500 has one or nore node

I egicsAtions ofpemary Pirare ofnirodlad meing aldclgtiydocﬂcdzolmhawangjpl(?édi(

t trol lo 502, Th t
5850 L ap e RS e TRl g o
MeiRh ¥ o'%%?oﬂlé&krﬂl@' h A8t GhshZDb Jsahans iﬁrovﬂi&%r}@td ]BQS'EéH@rator
burst length, and burst type. Additional Operating

[ rﬁ%rsuaphrtgﬂrmrs 52 to onttzdlrieelDQS plhedond QS limoS86.nbde

VeGP B S S REMrat 4 AhFsBe by BAmOR dintl 314
bugy égx@_fer?di'@o @ata BRI &VinWafa s lo248nd ]BQ%) ﬁgﬁt ains data
stored in nenory 500. Menory circuit

10 coupl e cMBmoadiﬁOasss Mﬁsorﬁﬁdrefrcglstmscae moida gegistérs nnmﬂliicﬂnn

i dent i thelocatlonf readi n vvrltln dat a
f rBaiRE it ERetionds Pl 919 FERORHROLeY § Ftratlsh dynienly

i e
Bty L g

s ehdodésrngAQ tetangs gssatinigtrhode, bmm\elm»gth thastkypel haes is known,
agenent ftheredand wite op t|05|s
péP‘? gvﬁ%felangﬁ delsrpings o CHRPEMBEIUTRSR fe ealump ﬁ@t@Bﬁ%h%
fr e I
5 RO U Il B

c anthendeleehtiabomigtealeateddagnd the CASlanbyisi thgnambintoflock

nput to ad t timng provided to drivers 532. The
- eXles heve re&&%traétowﬁé feaardé"’mfﬁ%dﬂ%:yrm%‘é‘ﬁlfyriﬂol 4 M ¢ h

a f%ﬁﬂ
5 3%91{5%6%| ng driver QP% é%ﬁtd%{aggdr{? ro @'9 ?%@5%&01{%0(16
D@@n kithe te3Brméalropertidh or aorma bperdﬁmnlwrﬂi aab@o ofbihe akslag Wdck

data 324 received fromnmenory circuit 314
20 t rlgeps fF¥klr)a The 91g gF BoF 080 Pl SHere At AcamAlsq l&;@f@g@ﬁgned with

D%%OHQ%&loriH%r V&ﬂﬁ{lﬂ\,&i i EGmiPEnOr MOre registers as
e registers in operatlng information is
pr ogr an@aedrol huteie mmncludmnhmganmomd tulch en thetaegiveal |y,

termination at a predetermined time after an active termination control signal is
received at the active termination control port. The turn-on of the active

25 termination is set by meméry 500 using one or more bits defining a CAS latency.
The turn-on of the active termination can further be adjusted by an additive
latency (AL) that is also programmed into one or more mode registers. In an
embodiment, the timing circuitry of control logic 502 is configured to turn-on
active termination at the CAS latency minus two clock cycles plus the additive

30 latency. In one embodiment, the additive latency is zero. The control logic also

includes a timing circuit to turn off the active termination at a predetermined

time after turning the active termination device on. In one embodiment, control
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on initialization or boot up (start of system). As
mentioned, this information includes CAS | atency,

wopedationg node, burst |ength, burst type. As PET/KRZINMS()36103
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ter 1 on edeterm ne ter act |

t erfheRR e R it EOEF fivaiory §itnnf BpGa Saod B BB lbS avete
t efhEhRaofOMn e WHROACHRE kdrmiddin titfuld Béthebutdd EndeH pIMS oD
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active erm nati.on furt .
i {1 v R e e AP BB it Ppeg
O%uﬁfplé@ﬁﬁlnﬁﬁgﬁvélﬁﬁ' t@lohe of Mo mo8ER2MAF Bdntaihb@e or
timng circuitry of control logic 502 i's configured to

t umprednts tastlestont of themaulfipls agtive fesniBASON waleesc yn@hnus

two clock c us,.t he addj.ti ve 30 |
Bt B teraaBln Ve aP, e 25 SRS aed hr s
| ol dhe @it dirhdde tHAES oBm tbrimliR&ich Vafidl 15 uddd \ifl&’ernnché’ fdenid?@is in
active termnation at a predetermned tine after
t ua twagrotitile sgstérnvtbe fl 80 phmaeinonatbawiabe ipnsed wheprtbe memory
enbodi nent ]gnt rol 9 WD 2004/ 046940 PCT/ US2003/ 036103
| o§ik 2882 ModuesHittHur ed to use the bits defining the
burst | BNOLY hOaEELr Gvd UstsyRbn, cdrhiiBnd ggnameo @ﬁié Head to
term nation. For conveni ence f he number of cycles
eqmlallnot}oddvhﬁs Bh ong tﬂoda]les&a@empeﬂmd be d Totuas oin grzadls to

The ti t of control tg%lngy 502
s marst VFFeéP’F tq qfaertedule HoweYspeHE PO I Mfr st
| %eg edh feq!@go B¥on@rmiolRie B #%ive REmARRoRN 61 H8hd mBdule
cl oc cyc ter turning on the one active
t esymenateacdnnemomaemterhmmeshfof writ@oDRidns add dockabt dy
two, Ssince one data bi d.out _.on a rij.si edge.
of ara'ﬂe%ng raa%opg%lpﬂ%ﬁ?j agoquipieh fras § taﬂ%lafm%%g write in a
ad)ﬂé rEQdul@ gﬁs@e ¥ ér%@rg%@ﬂ?n&ﬁd%@ Kne 5PMofe BIRNRoYe W fldrOMBde

dat a r ead clock cycle,
registers 522 that indicates that memory 500 is in a single slot or a dual slot

system. Memory 500 has logic circuitry such that whenever one or more bits
selects a single slot system, memory 500 is enabled to ignore a received active
termination control signal. When memory 500 is programmed on initialization as
a single slot system, the programmed bits are used to turn on self termination
upon receiving a write command using the CAS latency and additive latency

information in the one or more mode registers 522. The active termination is

10



the turn off tine for the active termnation would be

the burst length plus one 10 and one-half a clock
WeyoHe4@fid er turning on the one active termnm naP€DOS2008/036103

one enbodi nent, nenory device 500 has active

termnation with nultiple termnation values. The one

or twmee offodter negihs be s acting trmimitien asing horselengthsnfopmation

sel ect one .of .the mul ti‘%lﬂ%flact Lve teilrri nation val ues.
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Si : | r t '

e e

me megistede dhissonfipurbtien piokriles matkeip@granongble tontidl than using a

systens with only one, nodule, there is no second

o §iiieEnd signaldp B opdrtivsiginBAtion sdganether prigimabsignal to turn

Sy . . r y . . .

op o E MR o v high, e iR P lopllabn on and offwih
1 0o p elicattwioomsitibas ate singleiastivd fatrBinagdd sipelmi nati on for

wites in a one nodule system nmenory 500 includes one

or nor e MePaYidR0 eV Sk asrBpulegrgister 360 aag rerteqller 82, can each

IS R0 A A e

susbtmicbhaducihrelievstig Bebsatte[Where thd Sibst@t 04 Sarris] fGh @s
sl ot, system .nenory 500 is enabled to ignore a
r e SHICORBCHBGIYE, SHRHeThEAPPBiFe, G8RFITsElidn &F othghegmmonly
' op i ni.tializati as..a .
1R300 AR LEERBY P B8 pufi wime
t uconvantisedl rdcessiig@tirFoBRrR@RhE S4RIuE icHBuits Wihihehe
conmand using the CAS | atency and additive |atency

i nfeRisaRdustoripaterad aph or proviging clpstisal eqginsetions faxpuplingto
' i nation is. .10 WD.2004/046940. .. .
por USSR Bus Fd e e B Porimi Ricaon ith g gontrotler

acbt ¥ @rdcedsst.nat i on using burst length information
programmed in the one or nore node registers 522. In
anot her Thatadeusertbodirensy 9f BeoTyE0 e witle thervanions

no egisters wth inf i.on that .enabl 0

ai SRR oA Rl PBTBH SRR B SRESp Raflh assmgotir
I egichi Rlcdn@61fer 236 Af Fiputd!? fir BAN 3hdlerh 200 1@hlovaktd ¥8tem with
termnation on nenory 500 based on the infornmation

pr &@v@ﬂ#ﬁ@o managetitsegve termination control. Further, system 200 can use

one or more controllers having various embodiments of controller 220 to

2

(@)

25 program the one or more mode registers 522 of each memory 500 to which it is
coupled independent of the other memories.

Data Structure

Figure 6 shows an embodiment of an extended mode register having bit
locations, which provide information for active termination control, in
30 accordance with the teachings of the present invention. The extended mode
register includes bit locations 0, 1, 2 for information regarding delay lock

loop(DLL), drive strength (DS), and flow control (QFC), respectively. Location
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regi sters. This configuration provides nore
progranmabl e control than using a external signal to

WO 2008/00694@ct i ve term nati on and anot her exter neCT/Bs0zD36103
to turn off active termnation, or equivalently,
turning active termnation on and off with 10 the two
t r ditsprovidesfonDIA. enablgldisahbt ilogatier Bl patvides fed igfiaination on
Menpry 500,. as Il a d .egi.ster 300 and
contPriaet 350 E prodderior IR few £oBirly| Ehe extended
| NteHeat 8Gte L Libhory IR BY meBRrF 3h Herikperad og&aﬁ‘vely
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oo SRURTI 230 A Butech COHERNEE 670, 9k M ftmediiceniolent s
of hY imPQhaB0R 1kt8 id a8 9egi 1 083i zation usi
o ISR RO AER 3R AL R MR 08 ion i
wi thd axldtdse bus eGereoaiy ted A B A2 loahti@Rdf figy addiay bgé H€ used
el ectrij.cal. .connections faor coupling to an address

bud? 5t bhacenpifsapIPS P standd Made TegnRLON BATPES00
Wi LR &, 6ARAdR! ﬁ{g e S%teg O’gﬁgfagﬁ/aﬁkl i:ﬁ 9{1% BAOLBLL QU3 1,

enbodi nents o Wi e vari ous

10e mpordrare ntsndérdnoeticl registegivetieB 809 aid BAQHT B Bed &prbgram
coupl eg \ﬁ" th a controller such as controller 220 of
Fi g§redardmpdedegsty st em 200 to provide a system with
t he abi K ' | V. i nation control.
Furt her %gé)g%gc}n g&?ggltsﬁég gﬁ %enlgseg?(;ﬁ%) & Cont ?romf)rel?lts for
hausaig active eHRinatibodbmmtsinoefthcoing Balll g o%&@tihg) ndde have
programthe one or nore node registers 522 of each
meRB§eeB 6omplstahnsct RY pstandardizstipn berlyi o epe sabadinght, thedata
ot | ] ' shows a

1O TE T Bkl R ol el ARt

| ooapirésemiing adinglh sjot o dealisiol efefRiy Sytdn®r TREHibMencludes at
termnation control, in 30 accordance with the
t elasligditdpr seretipg a smgle slohesatduahsiotyetemy the puetiempde

' ' ' ' 1.2 f. .
e e T N

st canghing(d)reprefshtih @MIEEIB teRlinA T Ghiuct RYREREhYE! dvice.
Location .11 WO 2004/ 046940 PCT/ US2003/ 036103 EO

20pr b¢ Beld irdpdesione epasrebit fonsdlecting sheriagt tim rroiaion
" rul L 0 i 5 DR AR Br
r efpir stieedx te@ided nivEsMctudey @ fieRPhdRiEse RWore bitEOMARIn data
oD%E)raetscler\lécienlgyenabling or disabling active termination control for a memory.
Alternatively, the active termination information is programmed into one
25  or more mode registers other than the standard mode register and the extended
mode register, both of which usually adhere to a data structure defined by a
standardization body such as JEDEC. CAS latency and burst length are typically
programmed into the standard mode register.
Figure 7 shows an embodiment of a mode register using bit locations,
30  which provide information for active termination control, in accordance with the

teachings of the present invention. Bit locations 12, 13 are operatively coupled

to address locations BAO, BA1, respectively to provide identification of the
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coupled to the address bus 524 for progranmm ng by a

controller such as 5 controller 220 of Figure 2.
w@eowomok@er 220, or an internedi ate control | erPCT/US2003/036103

prograns information into the extended node register

during initialization using the address bus.
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e @ﬁiﬁhn‘é%‘f 'dfs@bhrg%)acw&@ técrfn?ﬂa@oh RGhHEI 8 ePﬁll@m%PXl more bits
for selecting either a ohmterm nation alue or a
150 ohmAseneritioatd pmvmlshy;ethe Inodanedisters ofahedhapate t he
dat a strucégya for_ the extended node includes a field

haPFHABIEY 8Y 2 aRiEolisr duripgitilization efdhamemasy.e Alipmpiely, the
152N aR)de ek Afiérs db3 8o bfo%garﬁ'lﬁ% Xﬁertlﬁﬁgh%e troirh %Qm% %%hé&heé or a

nmenory. ternati e active
i nﬁ:omnmhd sgyuiesce rR]@‘lrhm‘mlEdnbdi‘d egittes of2Bgae CENIFiFRET are
i sters géher th n the standard, node regi ster and

th TOZKIBHEREY 2 (e ké@royﬂ@vga%f@ﬁl%ﬁlfmﬂ@rm@@am gnybodied in

Ty
busgterh éraginclalesa ﬂyqalpeﬁ[dnyfor selaging tivesh dlo tot blhtﬁe dual slot

st andar d Hnde reglster ure 7 shows an enbodi nent
2001 systepngEhs dejp sigasl 19%1}1%@ afa posten fo5selectars awinglg slot or a
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accordance witht

i Newsidnh.oWithBhe dhia G})&I‘tldﬂﬁﬁ)nﬁgured% st 0 pRighL dlé/t%lyycem the data
coupled to address |ocations BAQ BAl, respectlvely

t oPRRIGY PEREI#HE Heimeraeiyito ieneFe & Fecived satve dowinmgsonirol
ch-/gﬁg’?%?%oq}?é]e%odlmem, the data signal further includes data representing

25 selection of multiple active termination values with a data portion having one or

U1

more bits to select either a 75 ohm termination value or a 150 ohm termination
value. In another embodiment, the data signal further includes data representing
enabling or disabling an active termination control in the memory device with a
data portion having one or more bits to enable or disable the active termination
30 control.
The one or more mode registers are programmed in 2 memory on

initialization of the memory by a controller or processor on boot up, or start up.
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node regi ster to be programmed on initialization. The
remai ning bit locations, 0-11, are operatively

w@omploed4d o address bus | ocati ons AO Al 1, PCT/US2003/036103
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angipbesiiognbodi nent, the data signal further includes

data representing enabling or disabling an active
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25nogedilegegiter Sichhe nfddaBaFBRE3 0o fAFiFREBI 1Y usdll in system 200 of
Figure 2 as module registers 232 and 252. At block 802, module register 232
monitors system command bus 260. At block 804, a determination is made as to
whether the command is a predetermined command. At block 806, in response
to determining that a predetermined command is on command bus 260, an active
30 termination control signal is issued.

In one embodiment, module register 232 monitors the command bus for a

write command or a read command, while also monitoring the chip select or
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whet her the command IS a predeterm ned command.” At
bl dgngpE00 reecives poAJE signal, and turns on active termination based on

information in one or more mode registers 522. Turning on active termination

25 occurs at a predetermined time after receiving the active termination control
signal. In one embodiment, the active termination is turned on based on
information regarding CAS latency and additive latency programmed in one or
more mode registers. The turn on time is set at about a CAS latency less two
clock cycles plus an additive latency after receiving the ATC signal. For

30 example, for a CAS latency of four programmed in a standard mode register and
an additive latency of zero, the active termination turns on two clock cycles after

the ATC signal is received. In another embodiment, for a memory without
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tine after receiving the active term nation control
1.5,2,2.5, or other number. It is a matter of selecting the additional clock cycles
such that the active termination is still on for a short period after the data is read
25  or written.

In an embodiment, a method for active termination control in a memory
includes accessing information indicating an enable or disable of an active
termination control, determining a turn on time for the active termination, and
determining a turn off time for the active termination. The information

30  indicating an enable or disable of the active termination control is provided by at

least one bit in a mode register. The one or more bits indicating an enable or

disable of the active termination control is combined with latency information to
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where the nu ock cycC
25 latency 1nformat1on and burst length 1nformat10n, respectively. Turning on

active termination occurs at a CAS latency less two clock cycles plus an additive
latency after receiving the write command. In one embodiment, setting the
turning on time for he active termination includes using a zero additive latency.
The active termination is maintained for a predetermined time after receiving

30  write command. In one embodiment, the predetermined time is about a burst
length divided by two plus one and a half clock cycles. In a one slot system, no

termination is required for read operations.
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25  the present invention. Timing diagram 1100 can be applied to system 200 of

2

el

Figure 2 for discussion purposes. At 1102, a write command on a system
command bus 260 is detected by module registers 232, 252. Since this
command is detected by module register 232, 252 effectively snooping the
system command bus 260, it is indicated in Figure 11 as a command edge

30 connect. At 1102, WR RO means write to rank zero indicating a write command
for writing to memories of the first rank on module one. The term, WR R2,

meads a write to rank two indicating a write command to memories on the
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25 module 250, begins at CAS latency minus one with a burst length of four, driven
by DQS.

The active termination on memory module 250 in slot 1 turns off at the
burst length of 4 divided by 2, plus one and one-half clock cycles providing an
off time of about three and one-half clock cycles after turning on. As can be

30 seen from Figure 11, the active termination on memory module 250 in slot 1
completely brackets the writing of data in memory devices on memory module

230 in slot 0. Likewise, the active termination on memory module 230 in slot 0
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signal that is delayed one clock cycle from module register 232 issuing a read
30 command for memories on memory module 230. This coordination in timing is

facilitated by module registers 232, 252 both receiving common clock signals

and both snooping a common system bus. Module register 232 does not send
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of four, driven by DQ@. 15 At 1112, a wite to rank
two indicating a wite command to nenories on the
W@ ewandomodul e i s generated by controller 220 POT/E§EDEM6103
conmand bus 260. At 1114, nodul e register 252 of
menory nodul e 250 regenerat es the wite conmand for
me rasit 90 A\ pwse @Wlmhmlyemwm@dlﬂém() to wghioh a teadAtperation is

dul 230
gerPs PEL aTr R e G BN T or merory
deV' ces A IR MAE YctiRASn AR tlllHlS Qyy ﬁ)lem% thode 25? in slot 1

since the CAS latency is three, e actl term na
f orat aeiAdy gptemoyiuhmlszsf@ dlatk cyties. Eoﬁthe @9\.Sdatentyeset homkee the

cle after receiving th ATC si gnal t hat COI nci des
30 VS Yo RTE R AFRORE Seieale A gtiths gt dgviFgsgrmemory

253nd e TRIRENVEIRKI LRS s0fal. TR ATREUE RRAIR Sl off
1. At 1120, on the DQ IlInes, the data In rank "2,
25 timpoiatitee Qlﬁ@t, lemg@ dmdealtby(ms Ijhai @mayld e Uslf olvek whélbs &fter
burst .|l ength of The active
t ed PRRBqToHe 8??1%5‘%‘}193"}?% Oé a@wt iql?géll Qftfour, thermemeysgs set a
at f [
R e N et
1G hteesisatbnode-1840,fonchebX) Iiyes| s daﬁ‘atoax fdrainki Mgnednle 250,
n fromFigure 11, the active term nati on

be 30
on PRERDR,CAD iRy IBIu: g ish aburst sttty B s 033,
th
ey o i
me womyenno @ uheluR3I50iin skt 0f cdhitrollér N0 i2RRH4ARE462d command at

[ US2 036103 letely b kets the witing of
G317 nAREHh JodilsrE S s Senpayon s 2 efmhsm Shes o
: ere
Rl BR AR RN (R Ao B2 D Bt o

me efierydetating &eZl&QZIrdsadeoﬁhnﬁld&ﬁ\ﬁhé hﬁt@@ téMBiand bus 260. One
term nation_on nenory. nodule 250 in slot 1 are both
oncloghr¥clgaiier Iﬁ%ﬂmf‘c%’s@@r 33Ai5ugsriBe il 2lfsread peramandras 1216,
no h The .ef f ive
LOPAIR 2020 RS, bS5 Tl Wt o
wh t}rehneiﬁﬂmsinrrﬁérﬁ&yhﬁl@iule 280 invott1e rMHeRBdrh&esiréceiving this
effectivel malntalnedfor the two wite commuands
sedfirdRt 81§ Heral 0B geanmay maduls 339 deirmine a ey aciiveitergivation
an ceur nmenor.y
donirh tle 43 A6/ hPolr LR MRl APuR%GT of B BB AR
DQsigna, Frdre Rigur®1, the new turn on time begins at two clock cycles after the

2

=]

first turn on time at 1218, which is before the scheduled turn off time determined

from the first ATC signal received. The memories will reset the on time for the
25 active termination based on the second ATC signal received and will set the turn

off time at three and one-half clock cycles for the newly determined turned on

time. Thus, the active termination stays on between the two read operations for

memories on memory module 230 in slot 0.

At 1220, on the DQ lines, the data out for rank 0, module 230, is read out

30  inresponse to the second read command to the memories of memory module

230 1in slot 0. This data is immediately read out following the data read with

respect to the first read command. As can be seen in Figure 12, the complete
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devi ces on both nmenory nodul es need to operate wth

the sane CAS | atency, and the sane burst length. In
w@odaioiem) t he conmand bus needs to be shared PYT/UBIING036103

menory nodul es, since the generation of an ATC si gnal

on one nenory nodul e and subsequent turning on and

of freasf outied dafe diopemeaony matile230 én got @ fﬂﬂwdngﬂleaw§ weddng

comTand erati [ i,n for d _an the other

reng oS B B etuR S A e viotn Soavietain
ti fﬁléiﬁox%A gfc%ﬂ%@&ofﬁhoéulégé@npﬂgtr?“ on in menories
wth a S |atency of three and burst |ength of four
in an endold2Aamiords the compldiiv of the med ppezatians fomnatiories on

ConbBry a3 83 e Yl nsire Eon e oppend for
P 85&HbridsTHAaRLhOR-mdduld 2D m@,ucﬁqr P 12200681 &&Pislzi?sues

to system 200 of "Figure 2 for discussion purpdses
12@Zeadacmmae!nd:1®nnun@rycﬁhvme$grsmemoc§omﬁmid 260sn@ Smck Sycle

A T A e S B )
st g1 s g R g T

1G e gdneratesram 4 TiCosi gmalnborinesmany dethiees@cmanhorsomiutiele 280 in slot 0.
ce it's clocke del ays

1204, dul | st.er.232 '

gﬁ%@%ﬁﬁ@ c ’dW]EJ‘ﬁﬁ }FetﬁBFy‘\sénl&tfﬂFbém?éJ@ tyg C%ﬂ?g cyelgs he
Cy%bﬁ‘veat%rrhﬁlaﬁl&?i% ohhftqugh 1hh§emc§ Qbﬁt: r n xﬁ%}gél%prgodule 230 in
nmodul e regi ster 252 on the rrerm res an
ATGlot §i g’11&1l23@ fvaitthe BQj]ﬂ!ileayﬂad daitla@ucfamdﬁﬂmgl ehehile 250, begins at

T o S PR SR BT Ll 3,
15t i @ff@&lde%ctﬂz@féi’ﬂﬂntaﬁ&ﬁﬂ)r k1?1316: ﬁ@@iﬂ fra 1&93 e A f«%d% ﬁ&s e OOO%Y ng

both receiving conmon cl oc |gna and

a oo Xyt dme tead on Methdre nodgiet56r TR32n dfa&Soﬂuaiws end
20 WD. 2004/ 046940 PCT/US2003/ 036103 . out an_ ATC pul se
ort 108 THERRSY (IeWEER Memomarst iBodiHe ¢30 averkapg the on state of

op &Rkl t&%lhﬁl&n%rplﬁﬁlﬂglgf RiRdoR Hle%rl? H#%%b%ng g}o'rppenod
slot 0. At ctive termnation turns on Tor

me nﬁhlylenﬁlimmhlg tiAS Ovértapgledabd bf timi, o GAGIs| oait tBe eystdth AbS bus.
two clo Faor the CAS Iatency set at three,

20the 5 akfy %%%Fé?arﬁ AR commads thegEn @1 biaks aydtuan off times
af hRMthd BendTeiRM, 3q_1g§‘1'dt&§: of E}HE@{ER{ Bﬁé ?Ee}%:# SF 4?'5EQ u?l%%'gﬁme

the ATC signal. The nenobries a ne’a
t i meonatclddieytlamfer deesiging tid ATdetknay ik thd tisn 6ff8inddhd three

one hal f QcC |l es after
c{] one- haﬁl’ cloclfk cyc‘l:es a%ter turning on the active termination. The turn off

time is modified if additional read or write commands are monitored causing

25 new active termination turn on times to be determined that are scheduled prior to
turning off the active termination from a previous read or write command. Of
course, the relative turn on and turn off times can be changed by reprogramming
all the memories with a CAS latency different than three and a burst length
different than four. However, as noted earlier, since read and write operations

30  are being performed on memories devices on one memory module and active
termination is being performed on memories devices on other memory, the

timing requirements for all memories are the same with all memories having the
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turning on the active termnation. For a burst |ength

of four, the nenories set a turn-off tinme at three
wanesomd4hal f cl ock cycles after the turning oPCDUS100®036103

active 10 termnation. At 1210, on the DQ lines, the

data out for rank 0, nodul e 230, begins at CAS
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rior to turning on the active
te#%@&%?@gﬁwg& ﬁ%ﬁﬁt RPSgevi ces on memory modul e 250 in
slot 1, controller 220 isgsdgsiugdpet her read command at

1212. At 1214, nodul e register 232 of mermr(ifI nodul e
230 i n Fhosbodesgsuess and Bethodshaxsrheam descebedby wewef y

devi ces on_ne no 230_one c

S deretiingod Al oY PadR e ung rmeris ey EmBaiilnep et
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termnation turn on tinme and a new turn off tine
10basad opwritheomamand; dhe wbdilb ecgiderguuerAECan gitireatermiBaiion
Figure 12, the newtur on tine beggns at two

cl- ock
c y eorieo! gignalto {hpamepprys I{Ed?ﬂn%é{ fyrnpgn Q?twﬁixgm%c?rgthas?% on
I?l’lé&%ﬁ R]T_%t}a@rgﬂlleg ?ntB WhE 0101fnforet IhH&’e RelsRENDMNEE mdnfd? In one

the I'rs signal received he menories wll reset
t hembaoditriene tHeoC AR heteRYy inntddvte dbtermmn attmmrongasednd ibe st

d ATC the t ff
C | poii e SRt W T PG ieyae e B ot AP aliys

15de&%&ﬂlgsg turned on tine. Thus, the active
terni natl on stays on between the two read operations
for nepsriresilioot this mwathodytaiuenti28 61 partss boping). to Atovid0,

th | t he dat f dul. 0,..
?Qtwiw%gmr'l F Sotanh 5 T8 ors 1 1 VEH R PP B ki
g {erHlfna%BH@B C}?(?i af ndﬁ'ﬁ@& ¥n EQ%F@I‘? corfirtitet Iﬁl)t‘ﬂterbgardTBi S

i'ST 1T nmedl ate read o 'ow ng the data read
W tfemorg gfedalest 0 the first read command. As can be

o e e DR
r]v?‘itbr a&)&l‘elc cﬂ%« th!?& Jf‘@f?dlﬁ?@@kﬂﬁﬁrfﬁ@ﬁg fnat Sy

ete the active term nation |n an

0 n aﬁrﬁl@éeﬁldnﬂthaﬂﬁ Féﬁrculatb‘el\ttb eeiicvatheeame yunposkuhey BS Butistituted
slot 1. At 1222, prior_to the conpletion of t(he read
opéerdhe mlﬁc(ﬂmbp@pmeqtégo‘@ﬁ This application 1s intended to cover any

adaptations or variations of the present invention. It is to be understood that the
25  above description is intended to be illustrative, and not restrictive.
Combinations of the above embodiments, and other embodiments will be
apparent to those of skill in the art upon reviewing the above description. The
scope of the invention includes any other applications in which the above
structures and fabrication methods are used. The scope of the invention should
30 be determined with reference to the appended claims, along with the full scope

of equivalents to which such claims are entitled.
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5 menory nodul e 230 in slot 230, controller 220 issues
a read command for nenories on nenory nodule 250 in
W@ b@tt/016940At 1224, nodul e regi ster 252 issues BCT/E82003/036103
command to nmenory devices on nenory nodul e 250 one
clock cycle after detecting a read conmand on the
sy§ﬂHﬂﬂiﬁﬂﬁhﬁHﬂE@§§260. One clock cycle after menory
regi ster 252 issues a read conmand, nenory nodul e 232
10 generates an ATC signal for nenory devices on
menory el d350prb; - aer
oY TeetiRd iy ledﬁ‘%% ciife terhfiifiof Pﬁ%@%&ﬁﬁp@ﬁt he
acti ve tnemifoniagiacpsters commaatl bi@28d i n nmenory devi ces
n nennn% nodul e .230 in .slot O, At 1230, on the DQ
i nes, HHEMEANACHYE fepmatighkronrol Fgneite agagynony dgYise Tt
CA c - ¢
ar o G0y Bt B e R o Rh BF RSV s Cothand bus.
term nation for the system brackets both reads on
menory dule 230 and the read on nenpry nodul e 250.
The" on tnéeﬂb‘?dz%tﬁc)‘tki‘l%la W@F‘?W FEFP8 AN SR HrERBRpa iR fnge]
on nmenoiygpdul e 230 overlaps the on state of active
term nation on nenory devices on nenory nodul e 250 for
1(a phdoimguianiresponsf totdeteetind W wiritgcdninn sndoret fead cpamand onthe
time, no data_is on the system data bus. 20 For al
t hEYTERAOBAFMOPE e conmands, the turn on tines and
turn off tinmes are the sane. For a CAS | atency of
three and burst length of 4, the turn ontime is one
cl 6¢ck cytkenaifiddest dlemed, witreeii Hetedilg sSpredaérming ¢eentbrel on
turn off tinme is three and one-half clock cycles
after t®hing on the active termination. The turn off
[ I
1 ke oRlehl B ol RO kA 30 R ol A AP iR
on chipreekect ie ibe hiphtsesteri ned t hat are schedul ed prior to
turning off the active termnation froma previous
read or wite command. OF course, the relative turn
on 4and i : amm n
ol 171 he e sfied 1.HR £ 9 HAREES PR RS A
t hneaitared o thelsatent enginand Bid helieed detdiainih @ tiat a first chip
However, as noted earlier, since read and wite
200 p &¢l8gtilppeEseay ageerndeshifysabest fyerse i o higldletees devi ces
on one nenory nodule and active ternmination is being
performed on nenories devices on other nenory, the
ti 61 ng Taguictedeifichih®, whkteiBpihg & a@lve téhansaiontrbh
all menories having the 22 WO 2004/ 046940 .
PCHEMEXG0WE 08wEHe Wihissaag 2 vgite aemmand thamemore dejtie after

3l Q08! fle HREELSARIN ot BBk S5 AT Bus.
25
6. The method of claim 5, wherein issuing a write command to a memory
device occurs on a memory module in a first slot and issuing the coinciding

active termination control signal occurs on a memory module in a second slot.

30 7. The method of claim 2, wherein issuing an active termination control
signal is delayed one clock cycle after issuing a read command to a memory

device after detecting the read command on the system command bus.
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bei ng coupled to a common bus. Conclusion The above

structures and net hods have been descri bed by way of 5
we@aphe@s0 and not by way of limtation, wth reC€pEs1003/a36103

active termnation through an on nodule register. A

nmet hod and apparatus are provided for active

t eBmi natliho matioot ofallaiin7, avhesamsyuibg aatadmmmrhmdnegd 1B¢rROTY

praovi.di ng an active rm nati.on nal to the
R R SR A R I g R
buserfiRatioR @En@NdiMal b&uEITBRAGRory) Iﬁoﬁlﬁé E’@Q §&8§1€ slot.

detecting a 10 read or wite conmand,
reglster generates an actlve tern1nat|on contro

nal menory.turns on active
3 e natlne ARG S 2 ST PBHOBH R PR G mHEsd Bieand
Hadey FhE6S cHirol BEndTR d
nb%g{ngeant , {1%%06\8 %a(t;enrgy ?rsx use(li;l\y eir% rgg?@rs?nocr}cen Salnal

t ummodaie egiser. and the burst length is used to
determne a turn off tine followng the turn on of the
active 15 termnation. As a result of this nethod, the
nufrper of n a
oyPom FumPRTor Ry PlepRinats PRI IE oIy Db Aok

10f or act lraoelvm@mdma*bwmlmnhrcohtrcarsgmbtan@eed on a

systemcontroll er, a nptherboard, menory nodul es.
20 Al t hGHBRESPACTTS termnstion hassd en wafoenwélﬂn OpF @5 Foxg wade

g? de ecig rlhl}g‘% %etrc') fﬂa&wﬁé ahddd Ve PG RRRIE D ﬁﬁ&%%l those

|nar he”art that any arran
that is caI cul ated to achi eve the sane purpose may be
substituted for the specific¢ enmbodi nent shown. This

appli cailhemethod efcdrmed, PoerssBmiBg In agiigdemtinging eeus at
15V ag g?és te%glgmgﬁ tltntbe%f&% gic% (%/tgg ggﬁs\?ﬁcl 1#1&1611 cotn?ror 51 ﬁ%al

to be illustrative, and not restrictive. Conbinations
of the above enbodi nents, and ot her enbodi ments wil |l
be 12appdhemethad afickdm 19 waRier turming peaciive temaﬁatwn occurs at

|r ﬁé'g;vgl g‘%"fgﬂ sggvg Sglggl?&‘;crl t11!15 dﬁnﬁfe lgtgr%?yeafp éclgﬁ/u%gnthe

|ca|ons In

abaMBfetsﬁrmn@tidmr@ﬁtrahﬁgﬁaabr| catl on met hods are used.
The scope of the invention should 30 be determ ned
ith reference to the appended cl ai ns, al ong wWith the

fu |1|3 t lsgg‘ﬁg %%odeo%llﬁﬁ%l o%%ia?mtla Mér%hll tﬁHﬁng 811 Q&t{me t&3hfination

entl
includes a zero additive latency.

14, The method of claim 10, wherein the method further includes

25 maintaining the active termination on for a predetermined time.

15.  The method of claim 14, wherein maintaining the active termination on
fora
predetermined time includes a predetermined time of about a burst length

30 divided by two plus one and a half clock cycles.
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WD 2004/ 046940 PCT/ US2003/ 036103 WHAT IS CLAIMED | S:
1. A nmethod for providing active term nation control
W@empni®isng: nonitoring a system comand bus; P@nUdSH03/036103
i ssuing an active termnation control signal to a
-menory device in_ response to detecting a

pritet eFiif medod efpiame | Srivhearein dheomethod Srihen incbiges in esponse
e toclaiml herel s seu! .
1 B A e B R

term nati
I esR@IRSEor 1@ oReinetdinieg thectilteeRINabS of Forth fred@élermined time
command on the system conmand bus. 3. The net hod of

clsat yelativeig dred s agietediemingfian gnEgbsignatirerstvedommuand on
the 15 system command bus includes determ ning that a
first chip select or a second chip select is in a
high steiemethod $h6laii® §0sheddin GladhtBinghg thE 8tBIictermination
detecting a predeterm ned command nonitored on the
syenial gofarapdedstesmirnred |tetesst thdativiernd terlgstianare terrhinpigon
chi 0 select inverse or a second chip select
" rioBreEete S repely e IEE i S EIRE iR B rRG on Ty 3 burst
Whesk gh Qivi @S A luP6id a8 oh8halfRRIck @DcIe QM @l turnSdOiiak
occurs coinciding with issuing a wife comand to a
10 meassrojatelb with éhalbstarctiveletmimpiiongcdaries] sighsle conmand on
the system command bus. 25 6. The nethod of claimb5,
wherein issuing a wite command to a nenory device
OCIRUI' S 8l STEIAP hdtivaRekiBatioR Bnfrbliata MéMbryaRdehpkidsiel NY
the coinciding active termnation control signa
occur s reeeidngeneetyvertoduihaidnroatreesigred; sl ot. 30 7. The

thod .of claim2, . wh in i ' ti
ter m ndEP e BRIVl Srirdpidatpteptal Yameiciok cycl e

15after !tﬁﬁﬂﬁ%&l AethB A ERITRA rdsPorfse 6 FREN ingleWkifEe frh &ld.
detecting the read command on the system conmand bus

24 WD 2004/ 046940 PCT/ US2003/ 036103 8. The net hod 0%
claim7, wherein.issui a read co nd t.o menory

det ce TEHFEon A SRR HorYASEIa HOaTR 1 ersiked iSE and

| 8RS @nAS] ¥l includes accessing information in a mode register of

5

the memory that enables ignoring the received active termination control signal.

20
20.  The method of claim 18, wherein ignoring the received active
termination control signal includes accessing information in the memory that
enables ignoring the received active termination control signal.

25 21.  Themethod of claim 20, wherein accessing information in the memory

includes

accessing one or more bits in a mode register of the memory.
22. The method of claim 18, wherein turning on active termination occurs at

30 a CAS latency less two clock cycles plus an additive latency after receiving the

write command.
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term nation control signal occurs on a nenory nodul e

in a second slot. 5 9. The nethod of claim2, wherein
WORIMDOHNg a system command bus and i ssui ng POT/ASI00Y/@36103

term nation control signal to a nmenory device occurs

in a nodule register. 10. A nethod for active

t é¥mi nakliconetbohpf @ialm of airre?d MhesmpIriing mg:actiddtermination
re term nation control signal; and
tulﬁcgllh#gsrhgzr?r%%‘?&{} PP nat i on based on information in
one or nore node registers, in response to receiving
an active termnation control signal. 11. The net hod
of24e| ai “fhelmethm ef dhim & thenfgn thﬂ? raethod Gurther irichaies on

soceurs. a 6\ redet erm n]g) after receiving the
acti {}émil’é% Pﬁeﬁ‘éi YRR bR OF ar%? teBInegieret hod  of
claim 10, wherein turning on active term nation occurs
at a CAS |latency less two clock cycles plus an
addi t i videlmetbod 9f dfine?4, meriivimintaihiag the ddtive termination on
t?‘frm nation control signal. 20 13. The nethod of claim
of %t ai m 12, wherein turning on active termination
i @ﬁédé@k@ﬁu&dztﬁﬁ@m%ﬂﬂbé wl%déteﬁﬁﬁsd/um%f a&hﬁ @H@ o8
claim 10, wherein the nmethod further inclu é

10 w@nﬂd@dlﬂwh@ ploe oncaidehal&elodknaicleon on for a
predeterm ned tine. 15. The nethod of clai m 14,
wherein maintaining the active termnation on for a
prnedet f
et o e B TR P a7 GohBEng
hal f claocdssiog cifesnatRi e 2DGAhCAE4 Or RSTBILSRA03¢R86103
1?. Tlaag nmet hoglsof cl ai m 10, wherein the nethod further
i AU S5 ponse  to receiving another active

15 ter m nalkieRinfkA futh of tiglahr #Blabiyd RfmiRGHidY Gnd
termination is"on, maintaining the active’ternnation
on f or datepnavies #tum nfdintd fove thesetive ehafdatient o t he | ast
active termnation control signal received. 5 17. The

nmet hod of claim 16, wherein nmaintaining the active
temm n%%%th&?&ﬁ(ﬁéﬂn ﬁ“m&@fenﬁad%% iBFHAGGh HdiRtifEhn
relative to the last aétive term nation
enable or disable of an active termination control includes accessing at least one

20  bit in a mode register predefined for indicating the enabling or disabling of an

active termination.

28.  The method of claim 26, wherein determining a turn on time for the

active termination includes combining the information indicating an enable or
25  disable of an active termination control with latency information for setting the

turn on time to a predetermined period after receiving an active termination

control signal.

29.  The method of claim 26, wherein determining a turn on time for the
30 active termination includes setting the turn on time to a CAS latency less two

clock cycles plus an additive latency after receiving an active termination control

signal.
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control signal received includes maintaining the
active termnation on for a burst |ength divided by
WO 2w4/0ha930 one and one-hal f cl ock cycl es after BCT/URIW080B6103

time 10 associated with the last active term nation
control signal. 18. A nethod for active termnatjon

c G0t r olThemethokoblsincefighingl % grheroinswbiing g ten oadins e

term nation control signal; ignoring the received

acti ve RYPHSRATON control signal; and 15 turning on

aGhl&e ifLf@nati on in response to receiving a wite
command. . The nethod of claim 18, wherein ignoring
the received active termnation control signal

i nclud [ i ti. in .a. nod I:St f
it i Rt R e L
t learcﬂjxf@%gjnﬁ‘lv%ﬁSR Mchfes 8bgRialng thefhfdhatibiendiBiingdn@hable or

clarm erein ignoring the received active _
t afisibhadf aractonterminatiog pedirol mithibties lengtewdormgition for setting

information in the nenqgry .t enabl es..i gnori.ng :

- G R Himade PRSI R PR oane s gyhlion,

nmet hod of claim 20, wherein accessing information in

the menory includes accessing one or nore bits in a
10 NBte 1 eTfhesinethodbf tlhen A6 mireyein 2RterThénge tuno dfdimeforthe

18, wherein turning.o ctive ter.m nat.i.on . occurs,a

ScresveesieR conra et st Be Ui b e S Bt idizm

e vy A S s BB s S T o o

cl @itine efrmidagiom 22, wherein turning on active
termnation includes a zero additive latency. 24. The
met hod of claim 18, wherein the nmethod further
i nel ud : . e : . <o
15,k e ey B P 2 GG i o eyl
whetRiple o ¢lbéli perivd dghsl taaboutent endromabilbelodnperiads. a
predetermned tine includes a predetermned tine of
about a burst length 10 divided by two plus one and a

hall cl RGK.ifiy¢ koﬁi)go %gnn%}lg‘%#lﬁlglg& Rk a@fle 4EnihSdH ddairbPn

control™in a ne
comprising:

20 loading information into the memory for enabling or disabling active

termination control.

35.  The method of claim 34, wherein the method further includes loading
information into the memory indicating CAS latency, and burst length.

25
36.  The method of claim 34, wherein the method further includes loading

information into the memory indicating additional latency.
37.  The method of claim 34, wherein loading information into the memory

30 for enabling or disabling active termination control includes loading one or more

bits into a mode register of the memory.
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accessing information indicating an enable or disable
of an active termnation control; 15 determ ning a

WO 2o0a/0e694d4 i me for the active term nation; and PCT/US2003/036103
determining a turn off tinme for the active

term nation. 27. The nethod of claim26, wherein
ac@8ssi ddemgtiydheftalam Idnuihertn thg mathodfigtberinoludes: sabl e

of an acgtiyve term pation,control . ncludes accessin t
et oltadiShERad PGSRy GRS nRARTE fithaltbn
i nghgad;iang the enabling or disabling of an active

term nation. 28. The nmethod of claim?26, wherein

det er mi hdadinginfarmatiomintd the nhiepnory Hier sekecting e singlerslotat aainal
[ nc}g%lde conmbi ning the information indicating an

endtdt &S6* 25 di sable of an active ternination control
with [atency information for setting the turn on tine

to a predeterm ned period after receiving an active

t eBfi naflihe metloahafraddimsi8g whkreirP®adifp enfoehdtmo iofo thé aemory

26,. wherein determning . a turn on {i for the 30 .

o FoVR i P RE Rt i goRoD ee ity ihgmaiphanto the

t 0 pRenfedv fdrREGYg MBftiH1d RninGhi G alGHS LikBloRHNS i¥Brmation ;

addi tive | at encyg aft%r recléli \I/i ng an’ actllove1 ?ér m%%ﬁnolﬁto
10c otitermémonyi fgnadlectiag a\Aghdd @464 Ds1PCTHA lom2in OB e3164di8g one

30. The {)tet.hod of claimof claim %9, wherein setting

t h&T PAPFHOIGHNAET PIOLT TadsTegisies B e maVe | at ency. 5

31. The nmethod of claim26, wherein determning a turn

off tinme for the active term nation includes
codbi ni Afe nimthaddfalamt IS wherdi loading gnfammaivakih® the memory

di sabl e of an_actjve. termnati.o ontrol with burst .

| e%@ﬁSﬁﬁm%mﬁm?%ﬁﬂ%lw%Yfﬂv??dnatl@?&ﬂo@ﬁﬂg PR greits nto a

pr . .
e e e e L T

detemmationgyahet urn off tine for the active

term nation control includes setting the turn off tine
to a burst length divided by two plus a nultiple of a

e Ak Akl Db TR O A G

setti ngcogrisiug:n of f time includes a

W

20 loading information into the memory for selecting a single slot or a dual

slot system.

42. The method of claim 41, wherein loading information into the memory
for selecting a single slot or a dual slot system includes loading one or more bits

25 into a mode register to select a single slot or a dual slot system.
43.  The method of claim 41, wherein loading information into the memory

for selecting a single slot system programs the memory to ignore a received

active termination control signal.
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mul tiple of a clock period equal to about one and
one-half clock periods. 34. A nethod for progranmm ng
wa@2o0vmomoyo f or active termination control conpPCEHURYN3/036103
20 loading information into the nenory for enabling or
di sabling active termnation control. 35. The nethod
of 441 ai i Bwdulghegistenconimsisigt hod furt her incl udes

| oadi ng _ _i.nf tlonlnto nory.indicatin

| ot ency 2 BitaRBOR S aiiind Do B Moot fatriaR commeng
34 puwherein the nmethod further includes |oading
information into the nenory indicating additional

| at ency ongpr mibhechipsdiend pofts;cl ai m 34, wherein | oading

i nformatipn i.nto the nabl i ng or

St sabl § Ao SreuloaRiaT 1Y e e o ek Gbwa erhgpd to
ONeheXneRfore Bhi %elec_lﬁbr@ sede register of the nenory.

28 WD 2004/ 046940 P 2003/ 036103 38. The nethod of

cl ai m 34n avifiresr teimingtien epatrhbpbrf couplel toitincdacdéing ciroaidforg
i nfo tion i tothe electing mul tiple
telo}’r{pﬁﬂg@ﬁ‘ acg‘éﬂ? 1natpy ch%lé’iﬁﬁﬁar nfornation into the

menory for selecting a single slot or a dual 5 slot
system 39. The net hod of claim 38, wherein | oading
10i nﬁér maflihe mddnteoregister ofetaimy44, frdreren didl dengding coleuiadnbiudgs a
ive termnation control, loading jnformation into
th Ogl?@ﬁ%]ﬂvo?jﬁ?ocgé‘l Wi AR A F‘égaldéfoﬁ?l’ﬁ%m on val ues,
and | oading information into 10 the nenory for
selecting a single slot or a dual slot systemincludes
| 046i ng Tbaeodote nagister bf ¢isini 45, svieran thenteeoding eircuit further
egi sters_in the nenpry. 40. The nethod of  claim 38,
whBIBIdES A dogle H&HIW&F%@WWP% theastiyg frsmjnatipp eontrol signal
15S€eh 8ffck QQGIQHHEI‘ A & E&&mnﬁ@ftd ﬁgu valg 50&191%11#1‘ €3 rda928HA%nd
one or nbre bits Into a e reg or
sefremuhngymmhemmndbumhrdecceiem nati on value or a 150
ohm termnation value. 41. A nethod for programmng a
menory for active termi nation control conprising:

47.  The module register of claim 46, wherein the expected time to issue a
read command is about a clock cycle after the read command from the system

20 command bus is issued.

48.  The module register of claim 45, wherein the decoding circuit further
includes a logic circuit to issue the active termination control signal coinciding
with an expected time to issue a write command, if a write command from the

25 system command bus is decoded.

49.  The module register of claim 48, wherein the expected time to issue a
write command is about a clock cycle after the write command from the system
command bus is issued.

30
50.  Anintegrated circuit comprising:

a plurality of input command ports;
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20 loading information into the nenory for selecting a

single slot or a dual slot system 42. The nethod of
waeb@umieddl) wherein | oading information into theECTYERING036103

for selecting a single slot or a dual slot system

i ncl udes | oading one or nore bits 25 into a node

r egi st eone or metedockpasisigt recgbing chrckaighalkl sl ot

system 43. The .nethod of claim4l, wherein |oadin
"t or mafi05HOPRE G OH@ﬁGR}he Sy aoramépﬁﬂa? and
sl efe e SBrPEREK BBEs;lkh@ menory to ignore a received

active termnation control signal. 29 W 2004/ 046940
PCT/ US2@0 3¢ 33 &mdnatioh, coatrnipghrt eoupégl te tiler decodipg icstwigfora
pluraljty of j.nput co nd rts for nonitoring a
sng@HtE%rﬁ%ﬁﬂvgﬁﬂgﬁnaﬁzc%’F Ogﬁﬁgﬁalchi p select ports; 5
a decoding circuit coupled to the plurality of input
conmand ports and to the one or nore chip select
pobls; dhdimegratet cireuit ef ddaimat(, osvheosm threalecqpding cicauipineltdes
to the decqoding cjrcui.t for aqutputtipng an active
t ePRYHAETIH! t@d%??‘i?la@’l“@r?&mmai’@a&l 219%ComyBM% 1 egi st er
of claim 44, wherein the decoding circuit includes a
logic circuit to decode a wite command and a read
10c ofZand Thd tntegrhted ot ef dldgi St, evheodin tHealenodihg cindvétr @ither
further ipcludes a logic circuit

:o? Sfd%% 94&26301&#% 5%% e QUiput PN JCEV RABNNATAN SORFGLS1gnal

Si : : f.t t :
oSt i A o By DRk i i on
sy sttem teronmeEitoh dousol sSgrehé esdeidted 4vith alweitadaduhand. egi st er
of claim 46, wherein the expected tine to issue a
read command i s about a clock cycle after the read
co Nnd Af .20 .command bus is issued. 48.
15Thggr"ramdu %&gg i s?(g%ié%(?%crﬂ%%h 45, wherein the decoding
ci r cui t ohaiot there mémadyddeisesa ahédgi ¢ circuit to i ssue the
active termpation conEroI si gnal coi nci di ng wth an
expect el I 1Egsies epled tqsthe ey ARRLRA emary Seviess; the

comand :£5i08 ihBfqig> System command bus is decoded.

a plurality of input command ports for monitoring a system

N

20 command bus;
one or more chip select ports;
a decoding circuit coupled to the plurality of input command ports
and to the one or more chip select ports; and
an active termination control port coupled to the decoding circuit

25 for outputting an active termination control signal.

54, The memory module of claim 53, wherein the decoding circuit includes a

logic circuit to decode a write command and a read command.

30 55 The memory module of claim 54, wherein the decoding circuit further

includes a logic circuit to delay the output of the active termination control signal
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49. The nodul e register of claim48, wherein the

expected tine to issue a wite conmand i s about a
w@b@ak4eyel e after the wite conmand from t he BgBUSIM3/036103

command bus is issued. 30 50. An integrated circuit
conprising: a plurality of input command ports; 30 WO
204 R4 HO QBT w@z@t@@xmm OBue o readsping, lagead grommand
for rece|V|n decoding circuit

c AR g e BHEWWh %V? d?ﬁput command ports and
the one or nore clock ports; and an active ternination
control port coupled to the decoding circuit for

oisput tTtegnenoroiadnge efedaimd, m&wrmgxerd@m@n@ wmult f@lthef

The integrated circuit m 50,. wher ei

5 ddegudssg EIPGHP‘E“ Forﬂéff‘iicﬂg%a(’%é(e |t?5a1“&dﬂé’?1r°8ﬁ‘ir?l S%%la foseineide
Wl ?yﬂ%@ﬂ% dodssii€ Q%rﬁ@ BoEREnd, 1Pa Rite ddimand from the
in @§?§ c?%@%ﬁ? gf cl al m 51, mherzln t he decodi ng
Cigystamtcobtmdnderus is decbdetes | ogic circuits to delay the
out put of an active term nation control signa
associated wth a read connand for a clock cycle

I ﬁ&q active term nati on control
S|gnal assoéﬁgt@gb % a wite command. 15 53. A

10 Menory dmdttiveteeminatios togrol poridomeceiving ameptive,ieeippides ;
and a nDduIe regi ster coupled to the one or nore
negenEg] #8¥alces, the nodul e regi ster including: a
bl ural ! iy 1o SRATRAR RAGL Rrb @R BbdR b, dhd
system 9c q one or nore chip seléect ports;
a decodinugtiot teemitation opéretivdly coupdeduibuhatantnpl bfgid, mh@tem

command ports. and to . the one or nore q 5 G
poie Gontil o ng ey B A B THEOT O PR OEE b P
eﬁn%a? odlng circuit 25 for outputting an active
tern1na ion control signal. 54. The nenory nodul e of

cIa|n153, wherein the decoding circuit includes a

58.  The memory of claim 57, wherein the memory further includes one or
more mode registers coupled to the control logic, the one or more mode registers
including one or more bits defining an enable and a disable of the active

20 termination.

59.  The memory of claim 57, wherein the memory further includes one or
more mode registers coupled to the control logic, the one or more mode registers

including one or more bits to select one of multiple active termination values.

25

60. The memory of claim 59, wherein the one or more bits select either a 75

ohm termination value or a 150 ohm termination value.
61.  The memory of claim 57, wherein the memory further includes one or

30  more mode registers coupled to the control logic, the one or more mode registers

including one or more bits to select a single slot or a dual slot system.
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logic circuit to decode a wite comuand and a read

command. 30 55. The nenory nodul e of claimb54, wherein
WO b@4deadi ng circuit further includes a | ogi BCT/URINN3/036103

to delay the output of the active term nation contro

signal 31 WO 2004/ 046940 PCT/ US2003/036103 a cl ock

cy ®Re aflihe rrnfamprmﬁ eloine §11 Whecinonk 95 uerabitsthat sobvtsensdngle

e B B SRR RSy IR g eseiedm Suleriek g ponteol

t hgjglgcodi ng CIrCUIt further 5 includes a Ioglc
circuit to issue the active termnation control signal
to coi nC| de with an expected tinme to i ssue a vvrite

d fro yste nmand
ST R LR e S U
U erfiaetd 9 GPME El@tllveoc@ﬁﬁmgt%n :{tect éd’e’té?ﬂn tffid bi¥& an active
term nation control signal; ontrol logic couple
to tdrhlenamomcvetrdzlergnahmtrbmwed@m thedctm@termmandn eonted poxte
term nation operatively coupled to the control | ogic,
wherein the control logic includes timng circuitry
toehur neg lﬁéﬂffbry Br &Mn@ 69f\{rhetra RERLNS fhﬁh&ﬁmup@st 6n%
58. The menory of claim’b ereint e menory furt
10 nahogtesodemegisters qmpbdm@ﬂfe corgoldbgicsthe ongpbetiotcomblieregisters

cont iC, e.or de registers

I 05 B QeBRIOE Sk Gy i Ehu! Enehd
di sabl e of the active 20 term nation. 59. The nenory
of claim57, wherein the nenory further includes one

or 65nor &hﬁmbmqrp of eltien §4,caheptie the thmingeicainbf tie dOﬁ@blCnglC

the on nor e er cl udi ng one or
bi 15 PG Bier A pSeoiTe DB AcHhieS (B A% Bapey fesim i oy fime for the
15Vabuss terddnffn. The menory of claim59, wherein the one
or nore bits select either a 75 ohmterm nation val ue
or a 150 ohmterm nation value. 61. The nmenory of
wherei n_the pnenory further includes one or

%Fmr e%h% Femogy pstlas 6%amﬂrea thegPnieis MBAHIOZE TIPS,
t he\ARRs Qﬁ? 506 ?iefn%gg%h %ﬁ&itlve i nld ing one or nore

bits to select a sin "ot or sl ot system

20 67.  The memory of claim 66, wherein the timing circuit of the control logic
is configured to use the bits defining the CAS latency and the bits defining an
additive latency to set a turn on time for the active termination at the CAS

latency minus two clock cycles plus the additive latency.

25 68.  The memory of claim 64, wherein the control logic includes a timing
circuit to turn off the active termination at a predetermined time after turning the

active termination device on.
69.  The memory of claim 68, wherein the timing circuit of the control logic

30 1s configured to use the bits defining the burst length to set a turn off time for the

active termination.
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32 WD 2004/ 046940 PCT/ US2003/036103 62. The menory of
claim 61, wherein one or nore bits that selects a

W@ 200gloes94&| ot syst em enabl es the nenory to i gnBCEUS2003/036103
received active term nation control signal. 5 63. The
menory of claim57, wherein the control [ogic includes
a t70m ngfhegnemerytof chim@dnwhereinithe tmingeraugrafitiatdntuol higic
a predetermned i frer an active erm nat i .
cort PO Egr Griaios thehits BeliEe e it st toesl & vuobt i for
Conhé Qtive YrininatRi-at 4 BErsTRABMGIAHeLbRWE Pids oW EELoE-AdIEn
menory further includes oné or 10 nore node registers
cougdodytle afthetupong polhd asgjiveterinhwtiome or nore node
egisters including one or nore bits defining a CAS
atency and a burst length. 65. The nmenory of claim
64,71whergl mirddifed bR RrcHigt Oof the control logic is
configured to use the bits defining the CAS | atency to
set a t wplumhtytéfmepiteomniead péf8s;acti ve term nati on. 66.
The rrermrg of claig165, erein the one or nore node
regi st erPS® O FOFGHack B 19F ressvingslock i ng an
addi tiv ean|a@ﬁ%‘t%ﬁnin%gor@c?ontﬂ;lﬂg?ﬁ?ﬁqéé@iﬁfxg g.lll.l %tmeﬁgrmin%tion

wherein the timng circult e cont ogic |

1@ orbnigelrseghat;o use the bits defining the CAS | atency
and the bits dlgfjnin n additive |latency to set a
turn on %SOHEk glcpﬁgglﬁgfq (g aptyeifmaippiEn epntiohporgAks control
| at . e
| SRE Yo UBLRHR Sh IR b K P popf anGl bl g lock
combrteforldegoding reat adé siride tdmmmgls; aad cuit to turn off
the active termnation at a predeternm_ ned time after |
t urni ng a{lﬁ%tweaté’f”il%“?lé?ﬁﬁrﬁ%g’dﬁmﬁ]@@ ite hegenirgblogiphwherein

Lai. i . A . . _

1 oar L e ies WABREEI% PLAbR AN fih birthe A
deftérniimggionhe burst length to set a turn off time for
the active term nation. 33 WD 2004/ 046940
PCT/ US2003/ 036103 70. The nenory of claim 69, wherein

Chenti mng .l Y . P .
0L B by O Bl kS A
t uone of fotd mredd weistdrheouptdd tv ¢hd @hirbNdklcptheadhe@dr Bibrénode

| ength divided by two plus one and one-half a
20  registers including one or more bit locations to select either a 75 ohm

termination value or a 150 ohm termination value.

73.  The integrated circuit of claim 71, wherein the control logic includes a
timing circuit to turn on the active termination at a predetermined time after an
25 active termination control signal is received at the active termination control

port.

74.  The integrated circuit of claim 71, wherein the memory further includes
one or more mode registers coupled to the control logic, the one or more mode
30 registers having one or more bits defining information for turning on the active

termination and for turning off the active termination.
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clock cycle after turning on the active termnation. 5
71. An integrated circuit conprising: a plurality of
WO npu4eaomand ports; one or nore clock ports POT/US2003/036103
recei ving clock signals; an active term nation contro
port for receiving an active termnation 10 contro
si gi%al ; Zasystam comptisiggc coupl ed to the active
termnation. c ntrol port, the control 1ogic coupled
to the piOPEPI¥Y of input command ports and one or
more cl ofk or BRI &eﬁ%&y HeaRes SiplRad tRhnifolIELS each memory
commands; and an active term nation operativély
coupddade moludtrg xontuleredisigr and onker miore mémotshéeviaea} ¢ach

R T Lt e PR A R
circuit of d
i ncl udes one gghﬁﬁ?éﬂﬁ@ggbﬁggﬁg gﬁgﬁ%%%%.&%ﬁggsyﬂmn

cormbnmhanddgsc, the one or nore node 20 registers
including one or nore hit |ocations to select either a

75 ohm t er mi PECICGHOFEFYR SHFCIROHBO ohm t er ni nati on

value. 73. T '

the cont Lol :'hg%e{cgtthlﬁg '&?El.gg%o%gfeﬁ% the ?Fgu%lhg}c{ﬁ uzaut cw_th‘f‘l{aglﬁl?)orts
l®n the aotitythetoaemr naté diip atlea pprigdeatier m ned tlne

after an 25 active ternination, control signal
recei ved at tAHECHES fepmaleheondol Bert eolpdio thy é?‘t(’dmg@lmult

The int tifil Bff Ytk %mﬁhaﬁi%‘ I in the memory
furtherqgIr ﬁ%@sg one ‘m © ée”?%%@%?ers coupled
to the control |ogic, the one or nore node

havi ng o e or. npre, bjts defining. |nfornat|on

f or '6f L f ﬁﬁﬁ@ﬁiﬁmﬂf &lagat 75y wheregythe deodiig cireHit inpludes pAegig
1 RS R rbEs b LR and e aliiand 100

controller; one or nore nmenory nodul es coupled to the

controll er, each nenpor nodul e i ncl uding a nodul e
r edi’st el DasYsteMOT slimgPevharprie deoplingsircat Sither ncludes a

logic circuit to delay the output of the active termination control signal a clock

cycle after a read command is issued on a module if a read command from the

20  system command bus is decoded.

78.  The system of claim 76, wherein the decoding circuit further includes a
logic circuit to issue the active termination control signal to coincide with the
issuing of a write command on a module if a write command from the system

25 command bus is decoded.
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5 menory device coupled to the nodul e register, the

nmodul e register including: a plurality of input
waeoommnd4ports for nonitoring a system conmaneCbus2003/036103

one or nore chip select ports; a decoding circuit

coupled to the plurality of input conmand ports 10

ard. t o A bgstaneomprisingee chip sel ect ports; and an

active termnation control port coupled to the

decodi P@iO8EHt  for outputting an active termination

control, si.gaal dech%;coiEﬁl%d £/ @Bhiad11E] 1Bk Mekfory WhaELinbluding:

the decoding circuit Tncludes a logic 15 circuit to

decode a wr i dreactioebaméhating centrad@drtconmand. 77. The

STurther i nol GertebloagERns B TS BB E AR put
of the activg I lldiliaAln 6pHkR]y Shepal toahébakiol logic,

cycle after a read comran s I1ssued on a nodule if a

read coRp@es the omtidhéogi2Bchylet tmingonmeaity tb gemion and to turn

decoded. 78. The system of claim 76, wherein the

decodi neff gheractive tarpiaHeR- includes a logic circuit to

i ssue the active termination control signal to

coincide with the issuing of a wite conmand on a
1omogl e The gystnh beclgianT@mdiefaiothetrheneyStwhar idgudes one or

coi nrnand bus is decoded. 35 VﬁiZOO / 046940 4 st

POTW9SROdBYeEEEErooupa to thegpairgriog QLR QY OLS mOAe TEGISIErS

controller: [ I hen&oma!l | er,

£ s gL R B e S AR B b D S

control port; 5 a control logic coupled to the active

term nation port; and_an active term natjon

op8t.at i ¥he systoupl dam 9.t herein FherIBFmP]ag‘ﬁFfi}er RIS e ORhe

control logic.i { i [ t Aelers
157 oot fhefygrEElt e hiofldefi id dheich it uoh ek

of irechalind AR orviiee ®itetd detectepingle statot henali shelsysies, wherein

or nore node registers coupled to the control I? ic,

t henweremore hitsrtkat felgess psigisia WtSYstPR AYFH e REYY ‘g’cﬁ"é?re a

bi }'CSCCIIV(gd %&IiVeeCtterfanlfllLl&AIPJO%UQPJ]M&? term nation val ues.

20 82.  The system of claim 79, wherein the control logic includes timing circuit
to turn on the active termination at a predetermined time after an active

termination control signal is received at the active termination control port.

83.  The system of claim 79, wherein the memory further includes one or
25 more mode registers coupled to the control logic, the one or more mode registers

including one or more bits defining a CAS latency and a burst length.
84.  The system of claim 83, wherein the control logic includes a timing

circuit configured to use the bits defining the CAS latency to set a turn on time

30 for the one active termination device.
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81. The systemof claim 79, wherein the nmenory further
i ncl udes one or 15 nore node regi sters coupled to the
W@ eou/0ad940 ogi ¢, the one or nore node regi st er SPCT/US2003/036103
including one or nore bits to select a single slot or
a dual slot system wherein one or nore bits that
sel®ct s Thesysigneofslagn 88ywheminghabbmw! idpc inghwdeya timing

0 Wt St e P lSol iR ehls Sopdnfpt tme
| ogbCtht BAL BARS thinThAidnGebcdi t  to turn on the active

termnation at a predetermned tine after an active

term nation control signal is received at the active
er,mi natj on control .port.. 83. The system of claim 79,

SunPer n 4 RERERGI PR b s S Rk ictons
node 1 eghSERftmEPhedod BohP8sig@ntrol logic, the one
or nore node registers including one or nore bits
def i ni ngleer@adng asat n€hitaiodesehito shd leded mto 84e orTinere of a
system of claim 83, wherein the control |ogic includes
a erl?imﬁé circuit configured to use the bits defining
the CAS alah&RE Whelfts$8h pRodbifRlin@d fikdi® and0 for the one
active ternmination device. 36 WO 2004/ 046940

10PCT/ US2003u@ B8 set 86 bitsT nehessjss thersendf iitsanaiud3 at ldastromie it
the control logjc.includes.a timng circuit configured
to??fssgpefﬁ]ég ?)Flflgie(f&tioﬁﬁﬁﬁﬁtsm SKHiF8t "1 ength to set a

turn off time for the one active term nation device.

5 86. A conputer-readabl e nmedi um havi ng

cofput erfhexemptabiadibis redoim ofdainf 86, wierdin fhw ad deadt one bit

nmet.hod, conprising; determpning a set of bits to be
Sofit SPI5aTAR BRI PhE BU00P! GFotcibeasRiEgred i siaje 1o sclect a
ar : et -
155 LE RS SR ploekin LGRS S0 ThRC LOLER soflerdlination
i nconiodsigal. | east one bit for selecting a single slot
or a dual slot system 87. The conputer-readabl e
medi um of claim 86, wherein the at |east one bit for
seReCt | e Bombiel-Radd nliu Min?é(%%léyglﬁ B seCor bits
configured to a state to select a 15 single sFot
sy stchiies onponmo@its e setertng mnttiplgteanmaton eglaéy ed
active termnation control signal. 88. The
conput er -readabl e nmedi um of cl ai m 86, wherein the set

of g&i t SThe computer-readable medium of claim 88, wherein the one or more

20

bits for selecting multiple termination values select either a 75 ohm termination

value or a 150 ohm termination value.

25  90. The computer-readable medium of claim 86, wherein the set of bits

includes one or more bits for enabling or disabling active termination control.

91. A computer-readable medium having stored thereon a data structure
comprising:
30 a field containing data representing a single slot or a dual slot memory
system.
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i ncludes one or nore bits for selecting nultiple
term nation values. 20 89. The conputer-readabl e
wore@iiomoad cl ai m 88, wherein the one or nore BCT/5S1008/036103
selecting nultiple term nation values select either a
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val9e. Zﬂlmmpﬂﬁ’é'r@ﬁ@ﬁbl@ﬂ@dim’e afl alelre Sihpdharemndhe Geldiineludes at
nore bits
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91. A conputer-readabl e medi um having stored thereon a
data structure conprising: 30 a field containing data
re |c93es e rﬂfhem@rr&)uwﬂ@debls ngadin oficldina P 1 shidreinehodata structure
$Yys ﬁné f 904/ 046940 PCT/ US20 3/ 036103 . 92. The
corBUt&Fs- A RAG SHF AT RS AR ERFEBRSLIRR ATgHP e f@iation valies for a
fi ehsmby@evides at |east one bit for selecting a
single slot or a dual slot system 93. The
comput er - r eadabl e nedi um of claim91, wherein the data
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wherein the field includes one or nore bits

10s e tegmtinatpneiatiser a 75 ohm termi nation value or a 150
ohm 10 term nation value. 95. The conputer-readabl e
medi um of claim 91, wherein the data structure
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data representing enabling or ing active
t eimglyres |ad'nald:hﬂvu11g)1>nem maxe b&smasry:amﬂn@ da6 represiattiag eh@hilhlg or

for a,P ?ew enbodi & in a set of electrical
si Jitapim On QAREPL A WEWATY ng a si ngl e sl ot
150r a dual sI ot systemincluding a data portion for
selecting the single slot or the dual slot system 20
97 96 The Addatasigng iad 2 mEmotyadavic@Embokien B st elltrical signals
portion for .selecting a
comprising:
data representing a single slot or a dual slot system including a data
portion for selecting the single slot or the dual slot system.
20
97. The data signal of claim 96, wherein the data portion for selecting a |
single slot or a dual slot system includes at least one bit for selecting a single slot
or a dual slot system, the data portion configured to a state to select a single slot
system programs the memory device to ignore a received active termination

25  control signal.

98.  The data signal of claim 96, wherein the data signal further includes data
representing selection of multiple active termination values including a data
portion having one or more bits to select either a 75 ohm termination value or a

30 150 ohm termination value.
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single slot or a dual slot systemincludes at |east

one bit for selecting a single slot or a dual slot
waysemgo4t he data portion configured to a statBCT/WS2003/036103

select a single slot systemprograms the nenory

device to ignore a received active termnation 25
corfr ol Bieghata sigreBof dihien Batveheséig tled datef sighadifnt@s includes data

wher ej furth ncl u
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bits to select either a 75 ohmterm nation val ue or

30 at8e whmnpemeandol.on val ue. 38 WD 2004/ 046940

PCT/ US2003/ 036103 99. The data signal of claim96,
wherein the data signal further includes data
representing enabling or disabling an active
term nation control in the menory device including a
data portion having one or nore bits to enable or
di sable the active termnation control. 39
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