WO 2004/ 046940 PCT/ US2003/ 036103 ACTI VE TERM NATI ON CONTROL THROUGH ON
MODULE REG STER 5 Rel ated Applications This application clainms priority to
U. S. Provisional Application No. 60/427,917, filed Novenber 20, 2002 and

U S. Pat erwoAmplosedad i on No. 10/383,939 filed March 7, PRO@S2004@B6K3el d of the
I nvention The present invention relates to nmenory devices. In particular it
relates to active termnation control follow ng read and wite conmands in
menory devices. Background of the Invention 15 Many el ectronic systens

enpl oy controllers and nenory devices that send information back and forth

anong each ot her. Typidg‘glhg% the information is_ transmtted on one or nore
system buses. These b X TERMENA; @%F-HRWOI&Hsequently, t hese

buses require designs that conghd@OIIRREER tions associated with
devices coupled to a transm ssion line. Typically, transm ssion 20 |ines are
term nated using a resistor coupl ed between the transmi ssion |line and a

power supply node. For el ectronic: jégigmsl such as conputers, termnation is

provi ded by external resistors t | ocat ed on t he not herboard of

the conputer. An  qxlehPRdatib® SlhsisPrioNBMb mgs.%oéiﬁeﬁﬂa[b?ﬁcétﬂaawmt ches the

i npedance of the 25 transmission line’is selected to'termnate a
transm ssi on 160A4@7 8l HiledNovrmnbei 2, 80¢mdde.Bi Baters iAgphi¢ation Noes of buses

connecting a b}éﬁﬂgég%&egi%%ﬁiztg;oﬁe circuits. Wen the external resistance
I e “rot’

mat ches the r the transm ssion |line inpedance, there
is little g no signal refl ecti orpjeldlofRY RiventigiXt ernal resistors for all the
signal lines located on systemboards use a Targe 30 anpunt of area on

t hese boards. As afhapressntiventiontrelates toaneraorydesicest dn partiolarghietateser mi nat i on

or on die to active termination control following read and write commands in memory

devices.
Background of the Invention
15 Many electronic systems employ controllers and memory devices that
send information back and forth among each other. Typically, the information is
transmitted on one or more system buses. These buses act as transmission lines.
Consequently, these buses require designs that consider signal reflections
associated with devices coupled to a transmission line. Typically, transmission
20 lines are terminated using a resistor coupled between the transmission line and a
power supply node.

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 extérnal resistors, on chip termination or on die

termination, also known as active termination, can be used on the integrated



term nation, also known as active term nation, can be used on the integrated
1 WO 2004/ 046940 PCTI US2003/036103 circuits of the system Using on chip
term nation requires additional interconnection between the devices of the
syst em sugly Asuddsocontrol lers and the nenories. Thi sp@Egighbd3R5603

I nterconnection also requires that the controllers and other devices of the
system use additional pin connectors. The amobunt of 5 additional connection
| ines and pi ncicamits e£the syssernnUting on altip commircition wasirde@aitidsal on the overal |
design for providing on chip termpnation. Wiat i.s needed is a neans of

provi di ng contigsongretoathetreen thefiekises of the wermsyeh asihe controfleragndihe and does
not require t |t : : 0l | for an

el ectronic syg?ﬁ]ﬂgéioﬂgﬂ%&%}@do@et&ﬁ%n#ﬁ%%ﬁ %ﬁmﬁé SE]?) t&ﬁ%ﬁ%@)ﬁ%}%& probl ens as
di scussed abowvther devaddoBhs edtennudehddifiored pmtconieetcent Tiermodnngt hod and

appar at us areélfc{iovi eed for active termnation control _in a nenory by an

modul e regi’st FERFRILOR ANETATPER QOBRFAIARE PHlie ¥eRRus evisssssnsndst o t he

memory. The magdifeytad sl sl Brhidiiorftiiyshamgammand bus for read 15 and

wite commands. In response to detecting a rea or wite conmand, the
modul e regi ster geWhntsssedad issoméans of povidmgtcouimol of attiveltersiiggiah t o t he

menory. The neno urns, on tive term pnation based on inforpation

pr ogr anmed in?%ﬁogﬁélﬁﬂe@%@nﬁ@%g QoLERIare a@‘ﬁ“‘?rh ar@%gﬁ??“.ﬂ?q‘i Ogﬁ@

enbodi ment, t BEhnBRIPBE Yor af Rlebfithi@fidicaSs strobe (CAS) latency is used to
determine a turn on time, and the 20 nenory burst length (BL) is used to

determine & turn off time foll ohunemarybfthelmventiom of the active termination.
The tamon tine is,set..at, the | at enc i nus .a_.hunber of clock cycles.
After the active t%rsﬁ%uﬁgﬂootﬁemgog}%ﬂ’tsﬁﬁgls ‘%?e@iaﬁweslsa F?‘?‘?g}’ﬁg‘&im&hwfor a length
of tinme set efjivahtion0 Abiodand upfeiustic Fiveides ff dttile thrtnindlloh 20dteyl a Doubl e
Dat a Random Access Menory (referred to as DDR) plus _one 25 and one-half

cl ock cycl es. FgnegoRydysRynadylaregistaisodAiRg an petevs terpunaiign somiol sigegl  cycl e,
the active term ' [ ' ' . fiad t equal to
about t he. numSare S8l The TR e s Bt o fole o b 5 88

15 and write commands. In response to detecting a read or write command, the

module register generates an active termination control signal to the memory.
The memory turns on active termination based on information programmed into
one or more mode registers of the memory. In one embodiment, the memory
column address strobe (CAS) latency is used to determine a turn on time, and the
20 memory burst length (BL) is used to determine a turn off time following the turn
on of the active termination. The turn on time is set at the CAS latency minus a
number of clock cycles. After the active termination is turned on, it is
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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These and ot her enbodi nents, aspects, advantages, and features of the
present invention will be set forth in the description that follows, and in
part will 30 becone apparent to those skilled in the art by reference to

t he fol | owiomod@sswi pti on of the invention and ref er engegdudi@widigs or by
practice of the invention. The aspects, advantages, and features of the
invention are realized 2 WO 2004/046940 PCT/ US2003/036103 and attai ned by
means of t he ahdeitainaddivinagans pthe insmomenialities, prepsdures ahd pertbivations parti cul arly

poi nted out in._d ed clains. Brigf Description of the Drawi ngs Figure
1 shows an e%@é&%@ﬁﬁgﬁggguﬁlﬂf efm?l?dgﬁcﬁglﬁsdl ing system5 including a
conputer system having a coBrdegiDeatripaoniof thdDiAvingory nodul es, in

accordance with the teachings of the present invention. Figure 2 shows an
enbodi nent of a sYEMEM Hewsag cambedmentsifpapformaaiiondgndling spgemr y nmodul es, in

accor dance; W . oA i . t.] t] Figure 3 shows an
enbodi men?s o] le;u%%ﬁoe rgéé{ggi%lﬁkﬁ‘g%%gg@%g%@gwﬁggl grg?rlyétllﬁ ,es’én plurality of
i nput conmandcg@eddnte withihe teRhi®gt oftbé pr8senaidtlerivhi ve term nation port for
outputting an active term nation control signal, in accordance with the

teachi ngs of the BiE8&ehthomsyesmpoHmentiojasesiom bidng2 shntolpoepedt of a
decodi ng ci rgh b of, 8o MRAUSEGTRE § .t&qﬁgéfg.glggﬁ{?ﬂgﬁ)i‘eg&tweﬁ%(ﬂlatI on control

port for outputting an active term nation signal” based on signals
recei ved on chip Buecy shoostas embodimem ofn abddiale rofister iyving acdebddingl ports, in
accordance Wit h .the teachings of the present invention. . Figure 5 shows an
enbodi ment® of TEIha Rl Wthgewaiﬂ&n_ﬁsﬁﬁalrlpﬁégfff@oewﬁﬂéﬁvfo an active
termnation Q&Hﬁﬂaﬂbn?&% ForloRfpuft®geh YN8 1@midebh ¥ontatbighdlahi on  control signal
and coupled to an active termnation, in accordance With the 20 teachings of
the present iapsosdencewith Fiegeachings efibepresont mwbdidnment of an ext ended node

regi ster having bit |pcations I C rovide infornation for.active
ternination cont rﬁgfmizﬁs 03’888%8%@3%“%%???3’%%%‘8%ﬁgénﬁa‘ﬂ{:ﬁe@ Fesent

invention.  having an active termination control port for outputting an active termination

15 control signal based on signals received on chip select ports and a plurality of
input command ports, in accordance with the teachings of the present invention.

Figure 5 shows an embodiment of 2 memory including a control logic
coupled to an active termination control port for receiving an active termination
control signal and coupled to an active termination, in accordance with the

20 teachings of the present invention.

Figure 6 shows an embodiment of an extended mode register having bit
locations, which provide information for active termination conirol, in
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 7 shows an enbodi nent of a node register using bit |ocations, 25

whi ch provide information for active termnation control, in accordance with
the teachings of the present invention. Figure 8 shows a flow di agram of an
enbodi ment wW®ssogeds®iphod for active term nation control_ in accordance with
the teachings of the present invention. Figure 9 showsP%T’E?ZBW"d?’ﬂﬁram of
anot her enbodi nent for a nmethod for 30 active termnation control, in

accordance with t h?}g‘u@@ﬁﬁdh@ﬁ@ a(flf)wtdi%reﬁﬁ 85 &1dther bﬂU@d}ﬁlbﬂrFor FmliR, 28041046940
PCT/ US2003/ 036103 Igure 10 shows a flow di agram of another enbodi ment for

a method for exteedog h@lvact@nm@tlp@mﬁmhim@m%féﬁm: with the teachingoofithace with the
t eachi ngs of tEeS m%‘?ﬁﬁ I nvention. Figure 11 shows a timng diagramfor a
wite operatlg Ples with 5 a CAS | at ency of three and burst |ength

of four in an enbodigieNtl Hbows afetikOdagri@ ok ipbafish RahémRie @ ol , in
accordance with the teachings of the present invention. Figure 12 shows a

timng di agh amGsy la&npbaﬁh@séﬁ@bméidenatﬁ oilpprings embmhmeat @A&lertmcbncy of three
and burst | en%lhacﬁ{r Jeﬁ-}ﬁﬁ-latjédﬁ ARy g&d?&ﬂl%e%th% er o % sl ﬁp?egrﬂq(:t ive

term nation contro ng exten active rol, in
accordance W ftivehiden. t eachi ngs of the present invention. Detailed Description
of the Preferred Enpodinents In the _follow ng detai] ed description of the
preferred embodi mehigre 1%@9@?éﬁg@ﬁ@améortﬁeﬁ%@%@B%WWﬁ? Witlhwi ngs whi ch

f t h t
orma. par gr(%’é tatABfof ch tﬁ%&t‘i-@h oI aH\émb‘ﬁga,lgl%g% JE i Cngeéﬁ&ﬁ I on,

specific enbodinents 1 entions may hese
enbodi nent ¥ arfer adﬂm:herrbmahamosﬁtélfmainchm extdﬁh@ detitoteanmabtion dohtsleinski | 1 ed i n
the art to practice the inventjon, nd it |s to be wunderstood that other

embodi ment s n&§°H ﬁ??"?tp??&eaé 2% Pidfe PRt eyentiOnact rical, or mechani cal
changes nmay be made w tb@t‘dﬂe@@é&@%ﬁﬁdﬂ%fiﬂ%ﬁﬂ@d Eﬁlﬁ@(ﬁnﬁﬁtst he 20 present
i nvention. The foll ow ng detaile escription 15, erefore, not to be
In the following detailed description of the preferred embodiments,
reference is made to the accompanying drawings which form a part hereof, and
15  in which is shown by way of illustration, specific embodiments in which the
inventions may be practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the invention, and it is to be
understood that other embodiments may be utilized and that process, electrical,
or mechanical changes may be made without departing from the scope of the
20 preseht invention. The following detailed description is, therefore, not to be
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 désigned 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 fo systern users.



taken in a limting sense, and the scope of the present invention is defined
only by the appended clains and their equivalents. System Figure 1 shows an
enbodi ment of a information handling system 100 25 including a conputer

syst em 110wipamdsng@saoscontrol l er 120 coupled to nenory %ﬁ?ﬂsﬂo?ﬁﬂs 140, in
accordance wth the teachings of the present invention. ntro r 120 is

coupled to nenory nodul es 130, 140 by, anong ot her paths, a comand bus

150. Menory nodul eBighd® shb#® ah BRbotiteRE a oystdidLE) MR Ycont6Ndroee Wi th active
term nation designed within each nempry device. Further, 30 information
1

handl i ng syst EPHPIRSOO Easnosy wednlae e e ta isyprdance wikohe iachingsof L0,  and a

ol ay i nf or peirs e TR et SUSlea et 8, B Mo oA 351 o5
Fi gure 2 shows nadulerrbgistenditand inemosydavizes 2002413 wihag nodubsregielet 232 220 coupl ed

to nenory nodul es 230, 250, in accordance with the teachings of the present
i nventi on. A n1%%9EP’s @Ph@ﬁ@emﬂmpgiﬁ%-%l ViR BRI Hines i ncludes a

nmodul e regi stgm@’%@b@@{ﬁﬁ Jde%%ﬁﬁ&sé%&@m%%ﬁ%a@%ﬁﬁegi ster 232 5

is coupled to eac menories 234-241 via ty of” lines 245,
Simlarly, medeviges@6édbe 2H0dilacizistte 852 inwapled to eaph of dre n2dmrzn d54renor y

devi ces 254-2 Modul e.regj.ster 252 .is coupl ed to.gach of the nories 254-
261 via a pl ufll vy Rpai RELSess  Biieh arort fyGre g rergro S Bl memor y
modul e 230 angp sROHb&1E RYIst 852 dPred 0RfYcodped & £odtdHBA &fnhshd@ conmon
command 10 bus that is a system conmmand bus 260 for system 200 to which

cont r ol | erl22bus that iap systenn ophmend Hus 260 &irsystem £60 yshiemeaditienridObus 260,

controller 220,is coupled,.t.o nodul e reqister Vi a,a i.p_select (CS#O)
line 262 and glsﬁgﬁp?ffq? n§1 ﬂ%ﬁm n toa ateﬁns""%‘g‘tfﬁﬁg’as %%0% mﬂngr ﬁebglgg?uk 52 via a
CS#2 |ine 266taunddidle teptbter 2B @iaAGRip seldst (CIHOYIEneIPR AL 2 ESFU 11244, t hose skil | ed
in the art, system 200 includes other 15 el enents, other_ buses, and

comuni cat i on apshisikauplpbiegnedule repisReIyia afSEh line 206 g GHEWRE 20he fi gures
focus Qn thos %s%gl?ﬁrggﬂ‘p?ecfia%d tﬂ!ﬂqﬁgé LA Adnd Q‘E sysel’édl 95§ includes other
15 elements, other buses, and communication paths among the elements, which are
not shown. The figures focus on those elements for understanding the various
embodiments according to the teachings of the present invention.
Module register 232 operates like a buffer on the module that re-drives
the control signals from system control bus 260 to the eight memory devices
20 234-241 on module 230. The address and controls are routed into module
register 232, and then are re-clocked to memory devices 234-241 on the next
clock cycle. As aresult, heavier loads can be placed on the system bus 260
without making the address and control lines too heavily loaded. Other
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 234-24] primarily monitor their chip selects inputs to

determine if 2 read or a write is occurring for the given memory device. Further,



enbodi ments according to the teachings of the present invention. Mdule
regi ster 232 operates like a buffer on the nodule that re-drives the
control signals fromsystemcontrol bus 260 to the eight nmenory devices 20
234- 241 qRoIRANL84230. The address and controls are regyegofizaiozodul e

regi ster 232, and then are re-clocked to nenory devices 234-241 on the next
clock cycle. As a result, heavier |oads can be placed on the system bus 260
wi t hout naki nach hematddesis 2ahd4 L piovidedivwittes dctive feaaviation, taledddn O her
enbodi nents inc|ude 16, 32, or 36 nmory devices on a single nenory nodul e.
25 The nunberha&ngr?@%‘?a}loﬂéviﬂl?égom%{gg%@- usual Iy to higher density menory

nodul es. Mdul e r ag} : A 5: SRHPE FE 34-241 via
control |ines 245%%%%@%#%%%%%%]5ggdb?%)(ﬁgggﬁl-&r%ﬁ%ry de%{f ce pérgg\?}j%i ng such

signal s as rGwldicr2eds MatdnlelregifiRRASY is @ASgurad Hkevmothele espiindr@32Way . Ot her
signals sugch as and ¢l oc bl ve parate lines fromthe
regi ster rrgdu‘io'éplfg% °°n§8ﬁ?&g’ﬁrg}g%9§5?/§@ég§%§£gﬁ‘f 2§§1 CPRHSHAYORSY their chip

sel ects inputiged @ ABLSHR gﬁ%fof%mﬁd@&ce@amm&nitﬁn&C%ﬁI&;h@gm{lﬁr the given
menory devi ce. Further, 2004/ 046940 PCT/ US2003/ 036103 ~“each nenory

devi ce 234- 24ypicdlypmomiedisld ofihe meaornopiivle 28@ amd tha pthengroumerise otlean  havi ng

term nation on,t not her ) dul e.reqi st.er . i C led to

control | er 2_2%deb n@ggymoﬂge%g BN ac&@@”%?%és%‘i%mﬁ‘f@%gggi ster 252 is
configured | iHewEREHeR H@AbEIIE thdIPe dddble sided ¢l Bhi§thatPoreRlp @leber by CSH2
line 266 and CS#3line 268." This configuration is used to access two groups

of nenory l8evinddeneetareipfreel enet The prak of Wetppdyirdeigrminss heypwbilal | y on one side
of the nenor u 30 r i of nenor
modul'e 530, SoRRA bR B b OFord AL KRB0 Wi, roP b ERIC. TR o

are nodul es tdfahedheordebglisbmietnichaty duricy tdimweatagigel€ NFgr as@bect, 10 and

hence are of rank one. The rank of the nodul e determ nes how while reading
or writing tonpe ssiess i eVirked readeperstign & 8 moduleaspdhemadile MR a rank  of

one, in somne i t”gﬁfg : [ ' j a two
nmodul e systenﬁgﬁéﬁg %m%at%e 0 relggt%gc/ip%?%%%%lnﬂlb?ghtﬁgddrlr%ﬁgis{eﬂ %n&é(?fthen nmodul e

t wo 15 * memory module 230 and module register 252 of memory module 250 monitors

the system control bus 260 for read and write commands, so that each memory
module 230, 250 is provided with information regarding the read/write activities
of each other to facilitate correct termination.
Module Register

20 Figure 3 shows an embodiment of a module register 300 having a
decoding circuit 302 , a plurality of input command ports 304, 306, 308, 310,
312, chip select ports 314, 316, and an active termination port 320 for outputting
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, réspectively. 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 CS0# 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#, CS0¥, 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



is the nodule that actually termnates. As a result, both nodule register
232 of 15 nenory nodul e 230 and nodul e regi ster 252 of nenory nodul e 250
nonitors the systemcontrol bus 260 for read and wite comrands, so that
each nmenogy ndidéshe 230, 250 is provided with infornatrcanseegessdosng t he
read/ wite activities of each other to facilitate correct termnation.
Modul e Regi ster 20 Figure 3 shows an enbodi nent of a nodul e regi ster 300
having a decwuirokpighatsdaiten®Qdevicen| modilé togistst 3001pmvidcmmm$ fports 304, 306,

308, 310, 312 select .ports.314, 31 ct ive mnatlon port
320 for out pUtERTE s rryRRp BrER Ry tasfie o PReATCS SR | n
accordance w th th@ecbﬁﬂﬁbirﬁﬁt%%ﬁmes&ﬁ@cd%ﬁﬁﬁ@iaﬁr@é’e@&bﬂ'ma@s&.‘&k si gnal (CLK)
and inverted clock signal (CLK#) are 25 received at ports 304, 306,

respectively. Copm@dtb@dtormwmﬁfhe@%r averdbpraviitRasmnand hanhsen wdeived brm  addr ess

strobe (CA?#) | nvert.ed lLe ar ceived at
ports 308, 31%1ynéna° r)é_ptlfdullg 5% :3\%6]%%3%&7%0%%&%% (E@f%%etgi?t%al s are
recei ved at rmwhfe031éhdcammaad,@lccddﬁﬁgm@ﬁmseiyrovi&eﬁwﬂ(:@@nﬂta@poﬁoo re- clocks
t hese signals and drives out CLK, CLK#, RAS#, CAS#, WE#, CSO#, and 30 CSl1#

si gnal s from 378r 52 write compupnd gpdscodedgihe 436 sigmbis paeideddtpm pass ALt i vel y, to

riving 6 v ssBbES b drel Bhe it L bePn) Sobds dratel™D 00

devi ces, noduogniediisieoda)he IV sigesd 1sq)r@iﬁaeatsﬁcfr@portemmeadybleragemtl ve

term nation of%he menory device to hit is coupl ed. Decoding circuit
302 uses the € ?W“@tlﬁﬁaﬁ‘éﬂ%’@é@%’éﬁo e@rM%dlg?@ﬁ’éWF 3QOmABIRIS Bs to noni tor
whet her a reasgsteﬁlﬁue'aﬁ@memmeqle%ﬁ Hﬁﬂtpﬂnenﬁeangﬁé@ry modul e
coupled to thé sanme system command E Upon etecting a ite or read

command, decoAls s, rthmetarmzeuﬁlhmnahms amthA"ﬁ(Odslegmahﬂwtchmet vged. If a
wite conmand | decode e ATC S|gnal rovi de froip ort 320

coi nci dent  wi T Lﬁems eégQ:Q)m B’r"?mz?ry &t a read

command i s degeded ATdso r&Tcﬁeib@ﬂ@ﬁmfﬁnﬁu%’dn@@@r@ﬁ&@cﬁpiéonéé’ﬁ’ero“e cycle after
a 10 read conmand issues on a nenory nodul e. Mdul e register 300 nonitors
t he 15 coupled to each memory module. Module register 300 watches the system

command bus and controls the signals to the memory devices to which it is
coupled, providing confrol of the ATC signal.
Figure 4 shows an embodiment of a decoding circuit 400 of a module

register having an active termination port 402 for outputting an active

20 termination control signal based on signals received on chip select ports 404, 406
and a plurality of input command ports 408, 410, 412, 414, and 416, in
accordance with the teachings of the present invention. CLK and CLK #
received at ports 416 and 414, along with WE#, CAS#, and RAS# received at
ports 408, 410, and 412, respectively, are input signals for decoding circuit 400,

25 which decodes commands to memory devices selected. CS1# or CS0# at ports
404, 406, respectively, are used in logic circuits to enable an output ATC signal,
or pulse. For a two module system, CS0# 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.

30 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

7



system bus and then issues the active termnation control to the nenory
devices. As a result, there are not additional pins on the nodule or on the
chip set. Using nodule register 300 with one port, or pin, on each nenory
device elimnates the need for ATC ports on each nenory nodul e and ATC
ports on av@owsmwbioer 15 coupled to each nenory nodul epcivpgishHoskRg1 Ster 300
wat ches the system command bus and controls the signals to the nenory
devices to which it is coupled, providing control of the ATC signal. Figure
4 shows an ensigi wewld betrazsmdéedoltiom god H02 to mem @@ detices aspplad & the egi st er havi ng

an active ter i ort_402 for gutputti an active 20 ternjination
control si gnarm’ gésreegﬁ%eﬁ éiraa?]iacf) gm%alé'\ggt}alt/gr&p%g;?%g F\I?IB“%%(%%% 05 aF 4%4, 406 and
a plurality offamgiile @pRlPRdrapanikt sn AQS; sighhDirorft bdst 401 huspigt 416, in
accordance with the teachi ngs of the present invention. CLK and CLK #

recei ved at pdppagatetigongivlaieh 418. Jl.adeld M nrovidess ongalogk cypleldgimarlative ei ved at
ports 408, -410,. and 4 el re Lnput_signals for decoding
circuit 400, ]tgghe%%ﬂc c]egﬂefgé%ggg%%ﬁ%}{g%%n 8%51113%8)‘?{&}”5%?65@5 selected. CSI# or
CSO# at portspest&4, 406, respectively, are used in logic circuits to enable
an out put ATC signal, _or pulse. For a two nodul e system CSO¢ and CS 1#
enabl e the out put tasure fghowgpn egibgdimentof agpemeny28P yuc aconfipl | e on t he

ot her nmenory r Nk 656N SEHS . wite

oper ati ons. égggggggﬁgagﬁgﬁ%ﬁéﬁuﬁé%écom%(ﬁgs%ﬁ%{){f?%gmg?gucture t hat

i ncl udes a sefctivofermimbitm weitcddigngl @idichegleditorapadtieanmmngionrs0s, iwr i t e command.

If a wit co nd pr.opagates through decoding circuit 400 of a nodul e
register, ?gn 9&‘?”%39‘1 1‘%6%4?@3‘6@39%%@WWW@F%’G%@@WLQ?%?@W 188161 d be
transmtted fioMuRtindOdutt® IR IRG W8S EAERLEA Lt ~nodul e register.
A read corrmanld t hat pr%lpagl;gﬁes thr%tﬁgﬁ decodi ng éﬁ}rééur?]tlﬁdilg% of a nodul e
rﬁgi st ﬁrl to L(Etamwhiogicaﬁwmssiﬂgaaﬂax(;dard)memm}tcoiﬁﬁﬁl Ingisla}oh’g(nj:\éi:h propiagat e

t hr oug atc 8. Latch 418 provj.des- a gne.clock cycl.e delay relative 5 to
t he i ssuance a@ﬁ“&ﬂ?‘&&&“ ﬁﬁ%?\"wﬂb‘ﬂ? %S?ﬁ@%@ﬁ%ter"g&?e&’éw Menor y

termination on the memory. For convenience, Figure 5 does not contain all the

15 elements of a memory, but contains those elements of a memory necessary for
understanding the embodiments discussed, as can be appreciated by those skilled
in the art.

In addition to receiving an ATC signal at port 504, control logic 502
receives CKE, CLK#, and CLK at ports 506, 508, 510, respectively. Memory

20 500 also receives command signals CS#, WE#, CAS#, and RAS# at ports 512,
514, 516, and 518, respectively, that are decoded in command decode 520. In
addition, memory 500 has one or more mode registers 522 as part of control
logic 502 or coupled to control logic 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 AG-AX

8



Figure 5 shows an enbodi nent of a nenory 500 including a control |ogic 502
coupled to an active term nation control port 504 for receiving an active
term nation control signal and coupled to an active term nation 505, in 10
accor dancwovwosdnssdae teachi ngs of the present inventiorpcT@mibmsobsibogi ¢ 502
logic includes timng circuitry to turn on and to turn off the active
termnation. Control logic 502 represents a standard nmenory control |ogic
along with #&ddelestmgan addressovithiya memenshank ikheimanegdmaent obthe raaklantig t he state

of the active ..t l.nat i . r nveni ence, Fi.gure 5 does not
contain all ?ﬁl@e%mgpggﬁ% %sf of &taggﬁ%%?;&,/gmb@u %ﬁf%??ﬁ%ﬂgtﬁ?%nggenents of a
Menory neces§aiya frocessod Buthras todiebileR 20 Fenpozli Thyvesd sidswugsed, as can be

appreci ated by those skilled in the art, In addition to receiving an ATC
signal at poPPerams ofmEnPLY| 50D 3t onboled wsingaidglay lackvopdiaxing a{eK CLK at ports

506, 508, H1 | p@?? . 20,50 1 Ves nmand signal s

CS#, WE#, 5CA u{tgrs]agfﬁ &kg%lﬁg%smpor SJ é—ivf?s %?4%@&%8 aé%%@em?@gspaer& I vely, that
are decoded finthentomaoliedieitos éath 2tbbe IDQS Mdths picvided 9 AWIYS brdk@s one or nore
node registers 522 as_part_of control _logic 502 or coupled to control |ogic

502. The one>dt SUpBes HOYGE 40 cadobths BRS pleced gndYp2lineePuileh i nf ormation for
operating egmfitior A il ulb UoEH i A& HORRhahLOLEREAS, DUl st Tendth,

and burst type. I onal operating ormati on can be contained in the
one or nore fwdensfeyl s datsbis226 iddpe bk IncptionnDOREO@HEr t i cul ar nmenory. Menory

500 al so j.ncludes an address bus 524, a data bus 526, and ah menory circuit
528 t hat Yont ai nsMIBPE TIEPT 0T MOHTIFSEEAS MASRETESITT FLwhieh 30 528 is

coupl ed to aggass iRiinaRd if Rbgrafafl Yith thenMrP 50y LhnkaR %{;?651 the

| ocation for reading or witing data fromdata bus 526. Th dentification
of the | ocabh outidligatomror dpetey (start BAGsEM). Aomeptdned; thisgn@rmaionr y bank and in

AOC- AX 8 WD 2004/ 046940 PCTI US2003/ 036103, for, sel ecti,n n address within a
nmenory bank. mf’ﬁl esré‘ggé"’g?ﬁgﬁ’toljgfa %@08%3arsgﬁagtﬁv&‘ﬁf§éyp8p&sgf *i s perforned
by control | egivarsbkdgtReRrmhiaeshy aginGPHBAE of column locations that can
15 be accessed for a given read or write command. Typically, the burst type is
either sequential or interleaved, and the CAS latency is the number of clock
cycles between the registration of a read comumand by memory 500 and the
availability of the first bit of output data from memory 500. The operating mode
can either be normal operation or normal operation with a reset of the delay lock
20 loop (DLL). The one or more mode registers 522 can also be programmed with
information for controlling active termination.
Control logic 502 includes a 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. 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 programumed into one or more mode registers. In an
embodiment, the timing circuitry of conirol logic 502 is configured to furn-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 confrol 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

9



froma processor such as controller 220 of Figure 2. The read and wite
operations of nenory 500 are controlled using a delay |ock |oop having a CLK
5 input to adjust timng provided to drivers 532. The read and wite

oper at i onsyagoe4/ 046940t her controlled with a data strobe g&usNidlosé®s provi ded
by a DQS generator 534 suppling drivers 532 to control the DQS placed on
DS line 536. In addition, the drivers also clock out data 324 received
from menory dogiet02 is ganfigufedito usethe bity definingdhalatrst lingth 26t 4 turdafa bus

| ocati ons . .10 Menor 00 pses one or .nore.reqisters as, node
registers Pﬁf%ﬁmegﬁtévﬁg% I%‘ba%loﬂ'f gﬁ_’ﬂf&{‘}_’e&hﬂ% BRI Cﬁﬁf‘@lai@rmry 500 by a
control ler, tNOBCill ¥lso bORfdriRt td & bt ldn@th, BL. QRO timid)y ifhAb cdttrobysten) . As
mentioned, this information includes S | atencg, oper ati ng node, burst

s

| engt h, bur stlogig R seiser e ofhigmp for aplive thminationahgbirsidength dividsd byhe maxi mum
nunber of gol ocat | 1 e essed for iven read or wite
conmand. ﬁpitégg’}hhilﬁ(ﬁ}%%&)gﬁféﬁa?g%nﬁygéagciext er ?q%%ﬁﬁ?%%v r interleaved, and

t he CAS | at engninaiohha busrbagihddr LODRKs diejdet 89 the isiieednd fra bie@i stration of a
read conmand by nenory 500 and the availability of the first bit of output

A Y. .
data from nedthpubona tiving edgsex aclonk anbanether dafa Bit isresd 8 ongrMing operati on or
O ogber Al @othd Dl AGRE o Ol bR AN At Bad RPBL Bhbeyalhe one or
nore node registers can al'so be progranme WTH U RFor nat Pon f or
control ling ald tumeoff Simeiforahéd alive Soninkiddn Wwogdd de B2 Dursh hgledusaonki M ng circuit
to turn on the_ actjv termpation at a predeterm ned tine after an active
alfs fhck e 2

term nati Bh GBHPRG : F‘é‘?ﬂg}%@g? o’fﬁ@ﬁﬁﬁfﬁ"y@a@é‘%m nation control
port. The turn-onpphnddihodmldn Snetmdry Givide 0 A adtive B8 HART Y 500 using

one or nore bits defining a CAS latency. The turn-on of the active

term nati on aaitile terineatibevaiasu The dndyy naore andde tagiseers tanfamone ¢rAL) that i s

al so programmed {nto one or re e registers. In an_ enbodi nent, the
timng ci rcuingqrg,iné%to(’sslﬁﬁrogp Oftglﬁp_éﬁ%gﬁa t@'gwaé?ﬂgagu S8 n-on active
term nation ambbfigheht \the rRiIGHE YotVeNhildion Gh06dare V5 bRds RIS oldhmsaddi tive 30
| atency. In one enbodi nent, the additive latency is zero. The control |ogic

al so i ncludde oze embrdigent, the 1 ehm éerminsfiooy4lug iy asedovhendhe wempryds iion at a
pr edet er i ned oL ' G 150"t DSnBShbN Gl RHQBEGURSS ©n- 10 one
is in a one module system.
In a two module or two slot system, command signals to write or read to
memory devices on one module is accompanied by ATC turn on signals to
20 memory devices on the other module. However, in systems with only one
module, there is no second module for active termination. In a one module
system, each memory self terminates for write operations and does not do
anything for read operations. To accomplish this self termination for writes in a
one module system, memory 500 includes one or more bits in one or more mode
25 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

30 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



9 WD 2004/ 046940 PCT/ US2003/ 036103 1logic 502 is configured to use the bits
defining the burst length to set a turn off tinme for the active

term nation. For convenience, the nunber of cycles equal to the BL will al so
be referrgdham@spurst ength, BL. The tim ng circuitpcafuseamshosedds | ogi c 502
sets a turn off time for active termnation at a burst length divided by 5
two, plus one and one-half a clock cycle after turning on the one active
termnation. wmedosfafleengtify érothe actBRerinsnation uslrglbinyt lewgh ifbmedopne data bit
is read out on a rising edge of a c]ock and another data bit is read out on
a falling ed¢as@mmesdn ﬁﬁeﬁ%@?mqﬂéﬁe%“%ﬁ%%y W|th one data bit read for
one cl ock cycl e, i J on woul d be the
burst length plus %Elgmji% &%nr?;el{ ﬁ?eﬁo%ﬁqﬁd 0\6 &Eurnl ng on the one
active term nagisers. wﬁmmﬁmaammhahemmes ornﬁzb]reyacalﬁmtermuﬁﬁen has active

termnation with tiple term pati.on val ue The one or npre node
regi sters eontain ﬂ?\‘é%? or mgremeyleTegisters agq used togHER-oF 2ndHRmRIF 35¥P e act i ve

termnation v m nati on
val ues are 75 msloéln 150 rgg@(%’ds tﬁw%ﬁ?rx%ﬂ#gﬁ??ﬂ%m ISdhf\ﬁi’\o‘&/}ggeohm
term nation vmglatera §Fhmdﬁgmamntmend®nmrypm@,rmabdc ¢omtrohmdmhﬂn§g/st em the
150 ohmtern natiqn, v ue s used when .t he C{rerrﬂj% is in a one nodul e

WSHITh ek

system In a ™ 0 Birm PR Aty S{TTERALOR. A eplHEL oty i te or read
to nenory deyd Q&ﬁre%n%ﬁo%?%&vdl&ﬂ?%ﬁﬂiﬁ@&h@gteﬁﬁuﬁﬁ& Sida Pwah 9nal s to 20

menory devi ces on the other nodul e wever, In systens wth only one

modul e, t A8r ethe svmbasiivondf nwinllé active termirtaiiomsigwalm nation. In a one nodul e
system each rrenor sel f erm ates f wr.ite operat.i nd do s not do
anything for read E‘@P%tslo (?38?:098@15?5@?{3{%9&88 (ﬂf’ for wites

ina one WDd&HI%aI&)é&E@Mmﬁ[S[B@é atécﬂ&rduﬂch&&ﬂ)iymcﬁrbeff@ﬂ&d%tas |n one or nore
node 25 registers 522 that indicates that nenory 500 is in a single slot or

a dual sl ot mﬁ@ﬁctmvmwbme Ivhgrecthe substmate i watenaltshdtaswhenever one
or nore bits Ie Si n I S | ed to ignore
a received ac%1 g?%‘aﬁ%uﬁla llﬁ%ogl 0zlosn éaﬁ%%g%% 0%3%3 Hﬁé‘%’g" i s progranmed

on initialibzalide® @elﬁﬁonductor material. The elements of memory 500 are fabricated using

conventional processing means for forming the various circuits within the
semiconductor material and for providing electrical connections for coupling to
an address bus, a data bus, and control lines for communication with a controller
Or 2 Processor.

20 The various embodiments of memory 500 along with the various
embodiments of module register 300 of Figure 3 can be coupled with a controller
such as controller 220 of Figure 2 to form system 200 to provide a system with
the ability to manage its active termination control. Further, system 200 can use
one or more controllers having various embodiments of controller 220 to

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 embediment 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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a single slot system the programred bits are used to turn on self
termnation 30 upon receiving a wite command using the CAS | atency and
additive latency information in the one or nore node registers 522. The
active tayghnaiok®ip i S 10 WO 2004/ 046940 PCT/ US2003/ 096t@82008086msd of f after
turning on the active termnation using burst length information progranmed
In the one or nore node registers 522. In another enbodi nent, nenory 500

i ncl udes one Efrprovides fooHEL enabid/ditables Wichtion Bif rovides fonirthatatiemall es or

di sabl es active term,natjon. 5, Thus ne or. no node reqgi sters are used to

turn-on and tdgwpaﬁﬂgﬁbflﬁlfiﬁprp&dﬁ% EPQQF&&W@% ?”S‘G@“’baﬂ&f"éﬁﬂd?qﬂe _

information py I’rgéﬁf&q)flaqﬁéi)n&rpm.as Erﬁ‘eﬁio?;,'} %O%fFT%Hrés fsod;{efagi%l?t I on provides
external siIgn to

nore progranmabl e control than using a urn on active
t ermi nati on awodpladhwttheaddeoss buni4 for ggamiving by acontbilerasmth s t er mi nati on, or

equi val ent]y, turni dve termnati on and off with 10 the two

t(r:lgln\s/i tions ycﬂomg"lgr 2%9 gfcﬁél%‘\f{?@e%@‘?&feﬁg%]%a%wwmﬁ\gﬁﬁ@%%o, as well as

modul e regi steso,A00inatha A hiAhl BXtetRE Pﬁ@%ﬁ@&*&mﬁ@ﬁ@ﬁ%@%&; a single
ornmed on a ucto

integrated circuit. Menory 500 can be em con die using a
substrate, whbe aldrdsebeulisneatly thesBAl RA2ocations of the address Hus e@msedyer mani um

silicon on sapphi.re,.qgalliumarsenide, or other comonly 15 ed

sem conductortgﬁﬁjfné@{]sgig".el“ﬁffﬂpéqgéar’f‘gﬁ’tnga&f“ﬂ@&rﬂl‘@ewt%og‘%g’ﬁﬂ %t ed using
convent i onal ;38 gk estehded mve Rgit@! THRENYBALLE VBB AQUGisGséLldi tS Wi thin the
sem conductor material and for providing electrical connections for coupling
to an add? epsogsys 2 standpd mobesegistaraviite BA bH0 and BAD=flds ussdrioprogeat i on with a
controller U 1 AqRY ocglssor.. 20 The various enbodi ments of nenory 500 al ong
with the vari®ofe gr%o GI¥RHTs of nodul e regi ster 300 of Figure 3 can be

coupled with a cormthe ektkiled ntode hegiiereambé Mell € prd2Qmdnefor @bt Bit@fok 0 f or m system
200 to provide a systemwth the abili té to manage its active termnation
t

control . Fur tWed acsysieaningon oaioligace thabitsy-Lipfor opwsetingonedsievhavi ng vari ous
embodi ment s gfy Eé%ﬂtcé%bfeﬁe@ s\%ﬁ&%&ﬁ@f@iaﬁ% 803y 18 oROEnRS iRk EmIRAg el sters

522 of each nenory
15 structure for the extended mode register includes a field containing data

representing a single slot or a dual slot memory system. The field includes at
least one bit for selecting a single slot or a dual slot system. In another
embodiment, the data structure for the extended mode register includes a field
containing data representing multiple termination values for a memory device.
20 The field includes one or more bits for selecting either a 75 ohm termination
value or a 150 ohm termination value. In another embodiment, the data structure
for the extended mode includes a field having one or more bits containing data
representing enabling or disabling active termination control for a memory.
Altematively, the active termination information is programumed 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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coupl ed i ndependent of the other nenories. Data Structure Figure 6 shows an
enbodi nent of an extended node register having bit |ocations, which provide
information for active term nation control, in 30 accordance with the

t eachi ngsy@hodslogsoly esent i nvention. The extended nodepcragimieisiazncl udes bit
| ocations O, 1, 2 for information regarding delay |ock |oop(DLL), drive
strength (DS), and flow control (QFC), respectively. Location 11 WO

2004/ 046940 RadewsEge3b 08 fdoBamifed qr initiatesioho Thdtematniapbielodhtimb) €. Locat i on

El provides f i nformati,on on . driye strength, .an 2 provides for QFC

di sabl i ng of (?[]Q\Rfecoé’ﬁ{rgﬁﬁ?lyc ie‘]etﬂla‘é%a%f usf?ﬁ%@’”ﬁé&gigrmg?mé(e%mry such as
memory 500 ofTfeitiub@itiong, 8-12P&hHelud&d Hr adiRb RinBthatitn tdifrofdgllgss bus 524 for
programm ng by a controller such as 5 controller 220 of Figure 2. Controller

220, or an i ramghodimeink e datargiroturesfoy thepalg registeriindlodesatfiebhcontrirong he ext ended
node register,during j.niti.alization usi.ng the addre . neral ly, the
BAl, BA2 |dca a?aorﬁ%re {1?%%315%18 P@ggr %‘%}Eﬂ?ﬂ?%ﬂ%‘é‘as %n'dig‘? gﬁé Heg*bet ween
programi ng &t Hageabil feragdRctiRtl S s16f or ARINEY Yot 200em alithndthe Xt €nded nmode
register. Typically, BA1=0 and BACG-O is used to 10 program a standard node

regi ster, whidngogniend thariptphetirg or theeupde segittergreindes a fisldoodtriningrode

regi ster. The,ext ed nmode. Ister can _bge used to.program.one or nor bits
for 'use in ad(?air\el’ Ig%gﬁnrﬁrﬁlg lpg)eﬁtg%%ﬁﬁoglvfwgsl %E%mte%o%?%éc,egﬁfﬁfeﬁf or operating
nmode have ndhclidsBne oimbibetk Yorselkctig cith&tadiidbniczdinkidh RA®br al N One

enbodi nent, the data 15 structure for the extended node register includes a

field cont@i niSRghedemningtionvabienin sngthsr embpgiaent; the deia seuwafordhot nenory
system The fj ' .| - i . ' .3 single slot or
2 aual sl ot St wieh Bing RE mORbR obagBing oSG LR 21 10 °, N,

ext ended nodentidigsi disablinglavidestemnifidtihdonted fbrad memgrydat a representi ng

multiple termnation values far a mem)r% device. 20 The field includes one
or more bits for <¥TREHPRY RIFHPRY, themmodspgisters of ABISIORY a6al ue or a 150 ohm

termnation \ﬁﬁbé{%nmls&'bﬁg %ﬁﬁ%‘ile@&@ﬁﬁgiiﬂﬁﬁz’aﬁ&m tﬂ@ﬁ@mﬁf)’ %Ee&’ﬂa?ely, the

15 mode registers can be programmed after initialization using a specified
command sequence. Further, the mode registers of Figure 6 and Figure 7 are
programmed by a controller providing a data signal for the memory embodied in
a set of electrical signals including data representing a single slot or a dual slot
system that includes a data portion for selecting the single slot or the dual slot

20 system. The data signal includes a data portion for selecting a single slot or a
dual slot system with at least one bit for selecting a single slot or a dual slot
system. With the data portion configured to select a single slot system, the data
portion programs the memory to ignore a received active termination control
signal. In another embodiment, the data signal further includes data representing

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

initialization of the memory by a controller or processor on boot up, or start up.
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for the extended node includes a field having one or nore bits containing
data representing enabling or disabling active term nation control for a
menory. Alternatively, the active termnation information is programed into

one 25 OoRssReEsRgle registers other than the standar poimdeosesies er and the
extended node register, both of which usually adhere to a data structure

defined by a standardi zatlon body such as JEDEC. CAS | atency and burst

length are tyPphanadderegipeaareapropdmintt ovithiatashandiag datapeiionegi ster. Figure 7
shows an enbodi ment, of a_pode regi ster using b|t | ocati ons, 30 which provide

i nformation f@fcusedipbeve; dhacoptrollsrpregams 81655 wadegegisteahised W th t he

Coupl e0” to alt Sher et b ERAR oo bR (I it BhGgRer o VLY

i dentificati ofer ﬂﬁtlﬂhﬂl@ﬂﬂﬂ“ﬂcﬂ&ﬁ4m&9m@uﬁﬁ%dﬁwﬁ%&ﬁ&i@&enﬁmﬂﬁyr egister to
be programyed on. init zatron The remaining bit |ocations, 0-11, are
operati vel y CJGEFB’IO@HW? olles 98 amypthr °8W§ut£@eﬁﬂlabie m?@%’ﬁect ively. The bit

| ocat i ons, t emdlg@lpcb.?ple@r%qhé QB fhe Eﬁﬁ}mté}%r&aﬂle%éa& h I'n one

enbodlrrent, ta structure or t he € register |nc es a field
contai ni ng  Scabeutereepuebleninstngtienssomngirensingt nuthal idelading Hetrmiringry syst em

Thefleldlnclude east one bit for selecting.a single slot or a dual

sl ot system 3 5t 8 Q}{Sﬁ%Lese@&r{%’d’s ﬁ%@eﬁ@rgfe%&&rm@ P %he node
register incl M%@n@tﬁélﬂis%&ﬁféﬁ@tbﬁmﬂ&l foﬂﬁétaanﬂ%ﬂf]ﬁ&ﬁ'@thé‘&tHNﬁs' By e termnation
values for a nenory device. The field includes oné or nore bits for

sel ect i ng 18i t ¢rerembodiznent: thet sst ofi hitatincbrley atllepst one bat foOselSting hnmgleslvt nat i on
value. In anothe od nen St r ure f r t he e .includes a
Frel'a navi ng Gcual RgvRAT veneh e S i Mt e Bt S B g o

di sabl i ng act iyemt SeBupatingdf tRREY Iibith @ a BeriBIFPidararhS theRi¥n@pRd previ ously,
the node registers of a menory are progranmed by a controller during

initializati OWneF arersived ABIYe telmmaélma@rélrowgnq&eAdi@omihrethe@gmﬁwers can be
progranmmed aff, éabie%# @wi%l' %g%t@f‘?%fﬁ %}%grecbq{m%ﬁg%%%ggence Fur ther,

t he node regls ers o ure gure are  progta a controller
providi ng 18 dauBipki t@nﬂhaﬁoﬁ fvalube m iR tayices ek @Elmiofe bits are provided for
selecting a 75 ohm termination value or a 150 ohm termination value. In another
embodiment, the set of bits additionally includes one or more bits for enabling or
disabling active termination control. It can be appreciated by those skilled in the
art, that the computer readable medium accessed by a controller or processor can
20 be of any computer reada‘ble form such as, but not limited to, CD-ROM:s,
nonvolatile ROM, ROM, and RAM.
Operation
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. A
25 module register such as module register 300 of Figure 3 is used in system 200 of
Figure 2 as module registers 232 and 252. At block 802, module register 232
monitots 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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a set of electrical signals including data representing a single slot or a
dual slot systemthat includes a data portion for selecting the single slot
or the dual slot 20 system The data signal includes a data portion for

sel ecti ngwe 26d4/agdodo S| ot or a dual slot system with atecirassdsosseosbit for
selecting a single slot or a dual slot system Wth the data portion
configured to select a single slot system the data portion prograns the
menory to i gnoveted chipceleviatzralstthay @ réceives framicontradln22®| In asivgsklt,.orl N anot her

enbodi nent, the data signal further includes data.representing 25 sel ection
of multiple atg“f’i“\]/@u?eeﬂﬁ%ﬁhﬁogﬁfe\?ﬁgl %@g@nuﬁf‘ tg‘?&ﬁféel%i“tf?wﬁﬁ%m ng one or
nore bits to &G vetREbr @t 0o 1h A0 ddal OForAtatRe OF the orohm

termnation value. In another enbodinment, the data signal “%%rt her incl udes
dat a repr eserreidepmmandis fomgneprordorsmbihile gnea theactive/termieatiinispérfommednt rol i n

t he menory_device with data. portion having one or nore pits to enable or

di sabl e the a%l}l?/jé‘\[\%%vpm%ﬁf’i%ﬂlggﬁ%&tﬁﬁ‘ﬁt? og'ﬁégg’rf&e‘&?ryr%?@erége regi sters

are progr amegdodule RgRRADSYpiBWided 4 AT@kigAA 081108 teh BBl W tedh¥y@ control | er

or processor on boo%1 g&# or start up. 13 WD 2004/046940 PCT/1JS2003/ 036103
4

The node r egi&Visesopm &gt diramaiiteantmangtior merpprydiemigesat meparyt i ons as

di scussed above, .The .cqontr.ol |l er, progra t hese nond eqgi st ers. based on

i nstructions rg?%'#efe !1?1 %é%%mdg'g‘ r?éﬁ%f%?@%%%ﬁ?ﬂ ‘gﬁgf%{@eco%’rﬁ%l | er
accesses for with i adddaRire@iter T3tigsuibia®hfe citingnd: OBRH HRIATC&gAdlagd medi um may
be menmory 5 |ocations within the controller or any other conputer readable

medi um opBr dh¢ Pefiyle ggifiraanareged wateomrrasH e issurth a closkpypleaticr Bigdabl e nedi um
" " . : . o udi
as conput erwﬁé%@ﬂ%ﬁﬁ%ﬁ%&%‘f@%&@? s{rs%mg glg%ﬂgg%@ fEiaad including

determning a se e se 0 an i'nt 0 ‘one or nore

regi sters of cniieifyr, meradry degta®ntonenddy iddile 220 fy detteted) mbdidel f or mat, and
outputting the set of bits. In_10 one enbodi nent, the set of bits includes
at |east one I6giEte} B2 aeBerates phf T signabane clack cyclgattes the mpdule Beis st em  When

the set of bif it £aliRTokdifnd SrRChbANe Kishr g&&gitsa RhPlomiRfiem ! he
outputting of the set of bits to a nenory prograns the nenory to .ignore a
recei ved att iivaed eclocheycloafter rtread] copingnd s mewdtbired fooathesystethe conput er -
~ command bus 260, with the ATC signal generated two clock cycles after the read
command is monitored from the system command bus 260.
Figure 9 shows a flow diagram of another embodiment for a method for
active termination control, in accordance with the teachings of the present
20 invention. At block 902, an active termination control signal is received. At
block 904, active termination is furned on. A memory such as memory 500 of
Figure 5 is used on memory modules 230, 250 in system 200 of Figure 2.
Memory 500 receives an ATC 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 furned 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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readabl e nedium can include in the set of bits one or nore bits, for
selecting 15 nultiple term nation values. For instance, the one or nore bits
are provided for selecting a 75 ohmterm nation value or a 150 ohm

term nati Q@ Mgdddfoso! N another enbodi nent, the set of pyrygs2e@@sdibonal ly

I ncludes one or nore bits for enabling or disabling active term nation
control. It can be appreciated by those skilled in the art, that the

conput er r eadadilittverietigndaAnwe esaaMAtRYis3eth BBk CAS lalendrlegadselockan 20 be of
any conputer readagl e formsuch as, but not limted to

nonvol ati | e REXNESRER] resgivinghmA Kpaennli §ran b yuresiateddydheseskiledw di agr am of
an enbodi nent 3.qr . | ] 1.0f g_qig-; i ccordance
with the teac |eng’s&18t1im%E%gg%%%%%%@éﬁdﬁgbﬂyefgﬁvﬁ% u e%%gﬁa@P gr such as
nmodul e regi st et udHgother pargueters 30ier prsdeterntinegiytatnem 208 indfludeRisihgriee 2 as nodul e

regi sters 232 252. At bl ock .802, dul.e reqgi ster. 23 nitors system
command bu Zgggqﬂf‘m}?ll OERS %&&égo‘ﬁ‘g?‘g?% Hgi?lP%‘%T“ﬁeS’. e a{i@“o ether the
command is a -%ﬁﬁe%?&l'&bl@@ﬁle%%@é‘%gnﬁ%nb&'cﬁ%l%cﬁ@?eled, fhe fonal ©

|
determ ning that a predeterm ned nrand 1S on com*ranc}l‘a us 260, an active
30 term nati oploclorctes) lessithanathe CASilgtenoydlt isl amatiee obsdbartingthetadditonhl]l e r egi st er

232 nonitors the co n us, for, a wite c d or read command, while
50 ot ¢or i HAS HEE A GE e s e SO BAPBUTOR0R BT I9B03) 036103
i nverted chi pysmletks a4 Baddoriehieni t receives fromcontroller 220. In a two
slot, or two nodule, system nodule register 232 uses the chip sel ect

informati o to deTksastive tewhisptiey is printgned io ap on slate fana prEGteimgeesl . For
instance, if the wite read co nd. is, for nory .on dul e one, the
active term niPEBCIER, dhe piRBan gt i Pt S EORRE gure 2, with a
write or readpiddrafBAE M oD eitihEre28dlle regifiehl| B dn@@inbbéimed thepr ovi des an ATC
signal for active term nation on nmenory devices on nodule 250. If a wite

command for nEreetymabed Easisspat ahabri ¢ buisblgegte divitediby tye plis pagandipdul e
T o5 A DOLEHe S h ot .
258 Tusti e, < F PR SR RTSIERAOE Ry SR et e o R o0t ot

232 issuing a Wi I gha
15 with one bit read or written in one clock cycle, the burst length is not divided by

two. For instance, for a burst length of eight programmed in a standard mode
register, the active termination is maintained on for five and one-half clock
cycles after the active termination is tumed. It can be appreciated by those
skilled in the art, that the predetermined length of time for maintaining the active
20 termination can be set using other parameters. Other predetermined lengths of
time include using the burst length or burst length divided by two plus an
additional number of clock cycles, where the number of clock cycles can be 1,
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 afier 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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10 the nodul e register generated wite command are issued a clock cycle
after the wite command is nonitored fromthe system conmand bus 260. If a
read command for nenory devices on nenory nodul e 230 is detected, nodule
regi st er wWozoo@edesoat es an ATC signal one clock cycl e aftmesvissmadul e

regi ster 232 issues a wite command. The nodul e regi ster generated read
command is 15 issued a clock cycle after the read command is nonitored from
t he system cermmmdonbine A60hredeteriinet perOG et rpocivingan T sghal. win cl ock cycl es

after the read commuand i.s nopitoreqd framthe tem command bus 260. Figure
9 shows a fI@WBﬁ“ﬁ%Hg’ﬁWo?heaHS giRIIng ilﬁ%fo?é%géatﬁﬁy B tWorloclact i ve

term nation GQALS fhs ar MARFRULERDE Rl it A‘fe%{ginmgﬁar&fmartéiﬁ gresent 20
i nvention. At block 902, an active term nation control signal Is received.
At bl ock 904s naadditive latemayion ftei additive latamenisdieton zevd. Mbmbory offtinde ias menory 500

of Figure.5 js used. on nory, nodul es 230, 250 in st 0Q of Figure 2.
Menor y SQOSr. mggﬁcﬁ%“%éﬁﬂgnﬁ%ﬁ%&ﬁa§m§ﬁnﬁﬁﬁ%‘gd?%)’&ﬁogé?l on based on
i nformation iaBHRNEmAhatiTAlSni@ GRth R FnehSnfoddatiohl T bAYerMhd@tddtve term nation
25 occurs at a predetermned tine after receiving the active term nation

control si griglerminingorfarmesfboaie fasthe activeterpmation qoatrad inelndessettiog ther ned on

based on infor L on. regardin tency and additiv at ency programmed
in one or n%%%{)t e?‘oeaglfqgﬁti n§.gl ﬂ%ﬁgeci%rwoﬂuﬁ%ﬁp% o;éltc‘ﬁ)&i(c cﬁ%ut a CAS
| atency | ess dftépthe GlrR 6k tifikGlf &R abfivtSediinaiddi A sRvemée AaNiAE bR clég@cei ving the

ATC signal. For 30 exanple, for a CAS |atency of four programmed in a
st andard Hdevele i sreedua triaboyhongdad enerbalf glpekmsyiodd. zero, the active

term nation turns ,0 . i | ,+& received. In
anot her enbodi ment> F%?@as%r%g%oknﬁ‘%*%?ﬁ%ﬁﬁ%’ev@%&%ﬁ%ﬂ%ib”‘&sﬁ US2003( 036103
addi ti ve | at eixmyl, ttedAS Brtdney mdtaidt engihproghmaied &othe ntodeA&Gidtattency | ess two

clock <cycles after recejving_the ATC signal. It can be appreciated by those
skilled in tSﬁteth%W}memm{qufﬁmsﬂ@f@WP?ré@nﬁlﬂ% Tlys opgiatinds) on the active

term nation Eate $Gt IS0 Rt WHRR RIS USvi icR'qedel efpEed turn on
times incl udgaﬁﬁrgpn%et é”gra(s:ASS)fgaténcy m nus” an lgﬁ??PonaFQnu er of clock
cycl es, whir ertfioe whidh tiateisabad are on a memory module in one slot, and the memory

devices for active termination are on a memory module in the other slot. For a
one slot system, another method can be applied. In one embodiment, a method
for active termination control in a memory includes receiving an active
termination control signal, ignoring the received active termination control

20 signal, and turning on active termination in response to receiving a write
command. The information for ignoring the received active termination control
signal is programmed in a mode register of the memory. This information is
typically stored as one or more bits in a mode register of the memory.

As with a two slot system, the tum on and turn off times are sef using

25 latency information and burst length information, 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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nunber of clock cycles can be any nunber of clock cycles, including
fractional clock cycles, less than the CAS |atency. It is a matter of
selecting the additional clock cycles such that the active termnation is
turned onyHokes@ecdiort period before the data is readpor/ustonddzerns 10 The
active termnation is maintained in an on state for a predetermned |ength
of time. The predetermned tine is determ ned using information progranmed
in one or nore noﬁh;meg)Qbe&aﬂoWnﬁmpﬁneﬂhﬁdkmemboﬁﬁhﬁdbpaﬁﬁﬂb&ﬁﬂined tine is

set at about a buyrst |ength divided by two plus.one an | f clock

cycles. For &XBBEDEAHLYCHTFEtatoR AL ; %‘38?9?115]@ rg"'l‘ F"g%ﬁermry 15 with
one bit read p?éseﬂ\?ﬁhw?eﬁ'xﬁ&l'Rn%ﬁarﬂlﬁﬁlésﬁ)éﬁlbﬁjsdohﬁF 4 ish@agyM 1S not divi ded
by two. For “instance, for a burst length el ght ‘progranmed in a standard

nmode regi st enqmqrhmodubs 230, C60 mi systein @A0 DﬁFllganerit Atrbdatkdf02,anerfidgrye and

one- hal f c cles after the.active termpati .S tamed t can be
appr eci at e B{?OW%QSS até‘"f&tw?{f Pﬁ“‘flhcémgglt Wa‘gta}flﬂcgm&oz’cf@?@?%sﬂéd | engt h of
time for mainb@inkthRE thlRSorsctive RrdBat &y rmnﬁsdk%os%r@ﬁysm syl Ot her
paranmeters. O her predeterm ned lengths of time include using the burst

| ength or bur@ftlmefcgtabtmltwm@dlony% k008, ragmorx 469 ﬂ¢tmanesmh¢t1@r of cl ock
cycles, where_t %11 gr tcloc% cI S can E Hl i 2 2.5, or other
number. It i<$"Y ﬁra%c &F EPMRERTEE ﬂ& -l (oI a%floé‘? cycl es such that
the active t egffifaioh@dnttd sighallhbs &fivED metosySIU refids t6 @loak 1606 fohet data is read
25 or witten. In an_enbodinent, a nmethod for active term nation control in

a nmenory 1@ ndewdes oftkasedomige latgsbaciiare feamination eontrohgignsh Ahblbelel U0, di sabl e of
t t nt t
or i nat ton. TLagR Aot eiBby P bR el ibudrl BB bl !> B VO

i nformati on 3He admdé G@minagobat tlemlashlsettmmaﬁﬁa&;lvﬂnﬂﬁsbmmﬁthe\mtman nation
control is provided by at least one bit in a node regi stzra_pl The_ one or nore

bi ts indi cat iSHEeHECATRh | [duymemary 3H), in Eponsrto 1eqerving nomeT $#akontrol is
combi ned i Iy EgL EARY 28n! AukaWR. 20 4BR4R P 520031 036103

set a turn on time at a predeterm ne ter recelving an ATC signal .
I n 15 predetermined time set relative to the last ATC signal received. Memory 500

_.

uses the same procedure and parameters to determine the turn-off time based on
the last ATC signal received as it performed for setting a turn-off time for the
first ATC signal received. For instance, on receiving a second and last ATC
signal, a timer is reset for the active termination to last a burst length divided by

20 two plus one and one-half clock cycles after a turn on time associated with the
last active termination control signal.

Figure 11 shows a timing diagram 1100 for a write operation to
memories with a CAS latency of three and burst length of four in an embodiment
of a method for active termination control, in accordance with the teachings of

25  the present invention. Timing diagram 1100 can be applied to system 200 of
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

18



one enbodi nent, the predetermined tine is set to a CAS latency | ess two
clock <cycles plus an additive |atency after receiving an ATC signal.
Alternately, there is no additive latency or the additive latency is set to

zero. The wor2e4afifossi N2 is 5 determi ned by conbining t j I, jon
i ndi cating an enabl e or disable of an active term nat irl)?r}h@fcz)ﬁ?%b% t h bur st

| ength information. In one enbodinent, determning a turn off tinme for the

active tern na&cbme@ns.r Mus] dicthe! 6@BmSe Bus\@nirbler 2009 behdihg il to a burst
| ength divided by two plus a rrultli%le of a clock cycle after the turn on

time of the atamupendsés mwematyieeiuleeOdn slend ant mempryimpeduledSodnglobtk 10 cycle is
|t ; . i Qds. h
300 of B gur o Egtve SEEARGHATeARFids, RLARE Rt D82 sl BN 100 20 Thur 61

| engt h progr ade®d thewdtetchanmnad en megost modil©23088t orkeletock Wydle ait goed t urn of f
times for active termnation, This operation |s afgropriate_for a two sl ot

system wher ethus the mednleregistep aht 10R, madule regisigr 284 Bres 85 AJC 1878 whi ch dat a
is read are o i - . . %HQ]{ evi ces for
active term n{abtr?ngﬁﬁ r@X%Lﬂpgwr@%d%%nﬁgﬁlﬁg%lﬁﬁgﬁghﬁer sdz)ﬁto.ngFor a one slot
system anot hmemostigistec2i? tb elotpgpd,ivddle ngduzregistni2zidi dvesihot sendett biwd  f or

active termn h_i on_control in a nmenp |.hcl udes receiving an active
term nation c‘g Criylse oF gl to ?’ﬁﬁﬁ?yi‘ﬁ‘b{“%{ﬂr%%r ecei ved active termnation control

20 signal, and tur g 98O aGivk Y hRRA RRL Aol AchESRARES: 399 ih8kel Vi ng a

wite comrand. The information for ignoring the réceived active term nation
control di0gnatla CAS prtangy snimmsdwo plogk eystbs. Ferths CAS latendytset atéhres, yhe Thi s

information is_ . typical.ly, stored one, or re bits.in a node register of
Lhe nonory. A ERnSaLGR G B SReR e AR T g L AP oH SBFIOT s o
set using 25mbat1ensyin MtQrrERiveaRe AN shaIs tatl1eNgloh theTHONIBE, ki tata

respectively. Turning on active termnation occurs at a CAS | atency |ess

two cl ock cycinder yhk 8, meduwei2R0; begins 4t £ASHalpneyfminps erecwithva baystlmethr i t e

command. In on n‘glqd' setting the turning on tinme for he active
term nation i%@fpﬁrd sv%lrsgsfnrﬁg(?% zero additive latency. The active term nation

is maintaiiged for At pnedeteidionatk twioliBdiedting wirtte eortinag BCGnaidries ofommand. | n
one enbodi nent, the predetermned tine is about a burst |ength divided by
two plus one HAgecendFodulsppegeeralpd by gontrollenlZlln sypter copparapdbunép0.

At 1114, module register 252 of memory module 250 regenerates the write
command for memory devices on memory module 250 in slot 1.
At 1116, module register 232 of memory module 230 generates an ATC
20 pulse or signal for memory devices on memory module 230 in slot 0. At 1118,
since the CAS latency is three, the active termination for memory module 230 in
slot 0 tums on one clock cycle after receiving the. ATC signal that coincides with
the write command regenerated by memory register 252 for memory devices on
memory module 250 in slot 1. At 1120, on the DQ lines, the data in for rank 2,
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 tums 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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termnation is required for read operations. 17 WD 20041046940

PCTI US20031036103 Figure 10 shows a fl ow di agram of anot her enbodi nent for
a method for extending active term nation control, in accordance with the

t eachi ngsy@booltlagsosPr €sent invention. A menory such aspgewstus/&@dsof Figure 5
I's used on nenory nodul es 230, 250 in system 200 of Figure 2. At block
1002, nenory 5 500 receives an active termnation control signal. At block
1004, nenory dbopletalybsickeats the wmiting nfdaftpin mamdry detiess vhmadnapmodtlebl ock 1006,

500 .t ff, ti f tjve.t | ti . At.b k 1008,
o e 20 .l b oo R i L P Bt BBl o ™"
arrived. |f appihel 1RGLiVeEehfhdioddhintindrd HoliRl 230 bt 1A RY 4dived, nenory

500 returns to block 1006 to set a 10 new turn off based on the |atest
active term raninatiooentmesiory ingdelk 250in ddtdcie 4@ On. Thik dagsatobeausact i ve

term nation contr signal, has not arrjv menyry,.500 furns .off the active
terninatio .aﬁnyPFPg’llqn%F cg therg ig pR _°“tt11%§£émrﬁaé”ﬂ“aﬁm8-a§§ae HWWhe |ast ATC

si gnal recei Vgflve tERkiBatiotEP¥tePOD0 id Mhotv@SP O1RE whiRh HeGEhHaRkE ot her ATC
signal while the active termnation is on, maintains the active term nation
on for a 15 pchvetcaniniinnds eifertivelr mapddined foethe dwe weitd commamle si gnal recei ved.
Menory 500 ses 1 ) me‘lgr C re and paraneters to determne the turn-off
ti me based o#eq%eﬁggﬁg%eﬁo rgf‘.tg‘ﬁ% received as it performed for setting a
turn-off tinme for giMe thd e dhdaditTate dcGoSichBilatididccind ©h akkgsdry On recei vi ng
a second and last ATC signal, atinmer is reset for the active term nation
to last al®urdsvicpsonpdiffeignianeraery mpdnlss thabussiapommes R dus the memerycl ock cycl es
after a turn e ' ' LSE-!]% i ] i on control
signal . Fi gur(fe?_:t‘)]f%4 éslﬁ%o\%ffsﬁlgﬁltlog};rrlﬁ %dgu\i\éc?ﬁgaééaa%pillfgfo orggﬁ\;\? ?g‘g%&g‘% ation to

menori es W t hind t3ASmedusnkygthf It didénathd chiimaid hengeds tobe flowed byn an

enbodi nrent of a nethod ‘%‘?r active termnation control, in accordance with
the t eachi ngPo8t msmopHBoplessinte hegrasafiemot ap4f ¢ §2o0l 25,085 MEDOY can be

appl i ed t0 Sy5LAfR aﬁﬂ%uﬂs}(%%&itgﬁ'ﬁiﬁggnMofﬁ%@tﬁ%?gﬁ?&g@ﬂ%ﬁ%ﬁ?&ﬂmeﬁloz, awite

command on a system co nd bus™ 260 1s regi sters 232,
252. Si ncé5t hissuming command operations are being performed on the other memory in an

associated time frame.
Figure 12 shows a timing diagram 1200 for a read operation in memories

with a CAS latency of three and burst length of four in an embodiment of a
method for active termination control including extending active termination

20  control, in accordance with the teachings of the present invention. Timing
diagram 1200 can be applied to system 200 of Figure 2 for discussion purposes.
At 1202, a read command on a system command bus 260 is detected by module
registers 232, 252. RD RO means read to rank zero indicating a read command
for reading memories of the first rank on module one. The term, RD R2, meads

25 aread of rank two indicating a read command to memories on the second
module. At 1204, module register 232, since it’s clocked, delays the read
command on memory module 230 by one clock cycle as it goes through the
register. At 1206, module register 252 on the memory module 250 fires an ATC
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

20



command is detected by nodul e 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 neans wite to rank zero indicating a wite comand
for witivngadososwesori es of the first rank on nodul e oReT/UFives/eseron WR R2,
nmeads a wite to rank two indicating a wite command to nenories on the 18
WO 2004/ 046940 PCTI US2003/ 036103 second nodul e. Thus, on the command bus,
control | er 220t asATEnuisagr signal & memonyanatinld 230rtewbich areddidperaisnis n sl ot 0 and

menory nodul 50 i.n slot 1 with ifferent wites. At 1104, nodul e

regi ster 232?0ﬁ?H?@owgngﬁe%g@?éﬂgéﬁﬁﬁﬁﬁﬁe write command on menory modul e
230 by one clock oaqbes @ defivéiR@Sinathont thfnd ¥ Rorlnnd¥p tdlagle80iSE6r: At 1106,
nodul e regi ster 252 fires an ATC signal for nenory nodule 250 in slot 1

coi nci dent wiat b GAfelatgnétreingoivestierkiayoles. Foetir A ajgncy eet apthees; thes| ot zer o,
whi |l e rmdu{le rg I.ster t23 does noél i?:ndlteoﬂt tﬁn ATC pul se or signal to
menory modul é°250 T IAPUPRGETS PR EUSERTVECE 8P TRAFEERTL WTES FhTESP P henor y
nmodul e 250 i Mn&du®d 230 redeBredhe ATCARNERITRB @enibridbiglsé ¥RertlifCk ey 6d,es. For the
CAS | atency set at three, the active termnation turns on one clock cycle

after the nerfirsatdeaiiegdength divded By twomdin ane aBdonahadf deckeyrlegefieve the ATC
signal . At 1 ingQh tﬁpgcﬁggtehjn&gﬁon. t}QS a% S?IEflétB o% ?c{uﬁrtﬁlgﬁnelglbﬁgsns%% e 230,
ne eng 0 i

begi ns at CAS Tattency mnus one Wth a burs our’, i ven by DQS.

15 At 1112, ausrdff mé ot theeslind wie-hahtbleokicyelgs Sienthctt@mbRroneuTdhd Ltiv@nor i es on
t he second nodule is aznerat ed by controller 220 on system comand bus 260.

At 1114, Hbddrmrinaions il on Br DR Hassy thedaaiont ok Qg@adelaedd the write
conmand o TRPRL . SRR, ISR TIA g0ty ol 1110, mod
menory devi ces on Hoswwewerypriarde henid®0n the astivd tefhinddon ¥arhi8emoryidecieet he CAS
ey T bk 5 ST R Rt T 2, 220 4 slot
the wite conmpdaf eHANRLANE Fkgh¥er FBIBS Meh&F niddale 2394n bBf 0 flRRGY devi ces on
15 read command to the memory devices on memory module 230 one clock cycle
after detecting the 1212 read command on the system command bus 260. One
clock cycle after module register 232 issues the 1214 read command, at 1216,
module register 252 on memory module 250 generates another ATC signal for
the memories on memory module 250 in slot 1. The memories receiving this
20 second ATC signal on memory module 250 determine a new active termination
turn on time and a new turn off time based on the arrival of the second ATC
signal. From Figure 12, the new turn on time begins at two clock cycles after the
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 tumed 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 in 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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menory nodule 250 in slot 1. At 1120, on the DQ lines, the data in for rank
2, 25 nodul e 250, begins at CAS |l atency m nus one with a burst |ength of
four, driven by DQS. The active term nation on nenory nodule 250 in slot 1
turns of fyahodddgeospur st length of 4 divided by 2, pluscans:@sdsaee- hal f
clock cycles providing an off tinme of about three and one-half clock cycles
after turning on. As can be 30 seen fromFigure 11, the active term nation
on nmenory nodithdortD@ data fistmherbory aodnlecd3oliy sibr @fkletvingt thetwd tebd Ng of data in

menory devices on nmenory module 230 in slot 0. Likew se, the active
term nation ofPTHBHYE} PRI gt wbes BCUVEGCTRNDIGD AT By Gsfefe I |
PCTI US2003/ 03@%@%‘%@ &Eﬁéﬂoﬁmﬁﬁtﬁowﬁow_l ting of data in nmenory devices

on nenory no 250 1 n slot For the case denonstrated in Figure 11,
there is a period Af1222,meiof tr thehompletidveo fdlng teadopesativns Adringmonies o®nor y nodul e

230 in slot 2 and the, act.ive m nat .o n nmenory,. nodul e 250 in slot | are
both on. T ismalai%@/%%“? s}}éSIOES n9on&oh5qrbgﬁ§ss§?%gqm@aq %hot hi ng on the

data bus at t ids'BR metty elobige bl ti Ve hes j | QB m 200 is
shown at 11221?%%1%Sh%d%ermnst r at eslsggla%gt lacjfti 1\%2 ’trﬂéétﬁlﬁﬁénlgglis%ﬁﬁ?éﬁﬁ%g

ectively
mai nt ai ned f ox readh eorimendwinienay deraced su reemuemodule RH3 end dopktdyele in ti ne.
Since the turr}}lna oq. and of f of the actitve term nati curs.on nenory 10
devi ces on di FHEPERTIPERTEIAFO 0 thesyptergcommand 55§00kt he menory

devi ces on boghicHBRPRYmIRAE Q8 75286kuba RACEM B, hdroRemsaNE242AS | at ency,
and the sane burst length. Tn addition, the command bus needs to be shared

by both rffnogsperisdan A3'C signat or memogedrvices pomempramodie23( igrsiot Oon one menory

nodul e and s nt .t yrni o) f t.he tjve term.nation is
per f or med 15@%&’%%"%@%‘%%@&% arl?‘f‘%i%eng&gl%uéitﬁé c%%f%cﬁ% “on the ot her

MENDry i N an achkss GhiaRsh fofE:t f 28 en mEmekydevitas Ghawsod hédildmsodhagr am 1200
for a read operation in nenories wth a CAS |atency of three and burst

length of foutlofith Al 28RisadheRRxlings, the daaui oy rans 2, aeadulee20ebagingdt i on cont rol
including ext éﬂg 'lﬂglc?%ﬁﬁfseon%%ﬁ? a%ét?éﬁgth of four, driven by DQS. At 1232, the

15 effective active termination for the system brackets both reads on memory

module 230 and the read on memory module 250. The on state of active
termination on mémory devices on memory module 230 overlaps the on state of
active termination on memory devices on memory module 250 for a short period
of time. During this overlap period of time, no data is on the system data bus,

20 For all the read and write commands, the turn on times and turn off times
are the same. For a CAS latency of three and burst length of 4, the turn on time
is one clock cycle after receiving the ATC signal, while the turn off time is three
and one-half clock cycles after 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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20 control, in accordance with the teachings of the present invention.
Timng diagram 1200 can be applied to system 200 of Figure 2 for discussion
pur poses. At 1202, a read conmand on a system conmand bus 260 is detected
by nodule registers 232, 252. RD RO neans read to rank zero indicating a
read commwaloof/eweweadi ng menories of the first rank op-fpshddfsfis. The
term RD R2, neads 25 a read of rank two indicating a read command to
menories on the second nodule. At 1204, nodul e register 232, since it's

cl ocked, del ayse CAS latenay and bnrsbledgtb nlone mithyeasding ecd@@Bobylodnmdc] ock cycl e as
it goes thro%gh thek}g{r%%i ster. bAt 1206, nodul e regi ster 252 on the nenory
nodul e 250 fiF&§ g ORI P hat is del ayed one clock cycle from nodul e
register 232 issuing a read 30 compggnl@n nmenories on nenory nodul e 230.
This coordination in timng is facilTitated by nodul e registers 232, 252

bot h recei vi ng cofieabayk sricteriegyaal rsethadsdabolden dessupedigy waafihmon syst em bus.
Modul e register élg,z goe not nd, .20 W 2004{ 046940 PCT/ USZI%O?’/ 036103 out
an ATC pul e SBFREGHEMt Y Ter AL Y RSP opt O AR Ve eIpRlel TRt i on is to

be performed aﬁ'&n@iﬁiﬂﬁfe&?ﬁ%'ﬁ?n@ﬁx@d%ﬁu Sipatatfd-are¥rodid@Bfor biReact i ve termnation
turns on for menory nodule 250 in slot'1 at a CAS |atency mnus two clock

cycl es. For tiéreumaien pentehsye memorytbytah messlnletrp@ister providing anagtiNenat i on turns on
one clock cycle.after the .meqory devi ces..on ry. . mpdul.e 250 receive the
ATC si gnal . TRESREREF Y PR vbe EoRe T pp i obistef BRI 3 ne burst | engt h
di vi ded by t wost@h dsmmasd Rizdooiesd il Writs kotthabde i@ sespilse ko ddidcihgg on the
active termnation. For a burst length of four, the nenories set a turn-off

time at tH} eacadpy woliecommandg theanoduledraistiengenerptes AR actiye dgrmdnagian of t he active
10 term nati . i g;@o . 0, nodul e
230, begi ns%g?m&@%%?ghﬁg@eﬁm ‘u?&o%lglgg\n tt?'it(ngg%gr St t‘flaﬁ%azuﬁﬁgé&?léﬂr, driven by
DQS. Howeverinfopfidtioh piogrénined ingp @R dr ivrambisreglrravnied memofyOMn sfnOry devi ces
on nenory nodule 250 in slot 1, controller 220 issues anot her read conmand

at 12120 At rpedimerh fin (Y Binsy Brasolis deterpinga iy e dimce 2958 WSk | ot 0 i ssues
a 15 read coqymafs,Qdh eBRMADE ¥ nff ¥t BlowhE Mottt Withesnlvone clock cycle

15 termination.

As aresult of this method, the number of ports, or pins, to provide
termination in a system is reduced. In the various embodiments, pins for active
termination control are not need on a system controller, a motherboard, or
memory modules,

20 Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement that is calculated to achieve the same purpose may be substituted
for the specific embodiment shown. This application is 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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after detecting the 1212 read command on the system command bus 260. One
clock cycle after nodule register 232 issues the 1214 read command, at 1216,
nodul e regi ster 252 on nenory nodul e 250 generates anot her ATC signal for
the menories on menory nodule 250 in slot 1. The nenories receiving this 20
second ATC signal on nenory nodul e 250 determ ne a new active term nation
tamon tinme and a new turn off tinme based on the arrival of the second ATC
signal. From Figure 12, the new turn on time begins at two cl ock cycles
after theygir stctAME®k.time at 1218, which is before the scheduled turn
off time determined fromthe first ATC signal received. The nenories wll
reset the on tinme for the 25 active term nation based on the second ATC
signal receive 'I% Q f. 1 . ‘_%[ee and one-hal f cl ock
cycl es fol? the‘gﬂggﬁggﬁég Oev?(ﬁégr#ec %%ﬁﬁgﬁ%%r?‘)ﬁtﬁﬁn%@nls& s, the active

t erm nati on stmgmstoong, lred wemorytnelutewegisteradsoper @tintand biigand menori es on nmenory

modul e 230 in sl of Q. tp&etlzlzr%tiofgon'frhlesi Dg[tlrcl) nﬁns’mélﬁ]oe d%%hﬁ PU} tefr%ra rank 0,
% I'n resp8ns%l [0) nfl g SGC&'II('{I;l e?iCng

modul e 230, s read" 8u comrand to the
menor i es mémsorgkdoviye iNdapbdee ti2Rectiny Sprodetd@mintlcemtiaidion the syswedioainging r ead out
followng the data read with respect to the first read command. As can be
seen in F'§ure 12, the conplete 21 WD 2004/ 046940 PCT/ QS2003/ 036103 read
out of data from nmenory nodule 230 in slot O following the two read
commands is caonpletely bracketed with the active termnation in an on state
in menory deviteaiethind ofglan |, YHSERiM tesungpnjagtig teninatiopconfrsbsignghis or t o t he
conpl et i qR:RfmddS rdsBatle RRRI@HALNSrik QbmABAPSH a8 addmnan BBl Syd@dul e 230 in

sl ot 230, controller 220 issues a read command for nenories on nmenory
nmodul e 25®mMmangbet. 1, At 1224, nodul e register 252 issues a read command to
menory devi ces on nenory nodul e 250 one clock cycle after detecting a read
command on the system command bus 260. One clock cycle after nenory

regi ster 252 iHweuesthad of elain 2,ovheramidetectinda predesefulined2gmmaad gfether at es an ATC

PSRBT LS 00D g i 051

|l ater, whi ency m nus
a high state.
4. The method of claim 2, wherein detecting a predetermined command monitored on

the system command bus includes determining that a first chip select inverse or a second chip

select inverse is in a high state.

5. The method of claim 2, wherein issuing an active termination control signal occurs
coinciding with issuing a write command to another memory device after detecting the write

command on the system command bus.

6. The method of claim 5, wherein issuing a write command to the other memory device
occurs on another memory module in a first slot and issuing the coinciding active termination

control signal occurs on the memory module disposed in a second slot.
7. The method of claim 2, wherein issuing an active termination control signal is

delayed one clock cycle after issuance of a read command to another memory device after

detecting the read command on the system command bus.
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active termnation is on, at 1228, in nenory devices on nmenory nodule 230 in
slot 0. At 1230, on the DQ lines, the data out for rank 2, nodul e 250,
begins at CAS |latency m nus one with a burst length of four, driven by DQS.
At 1232, the 15 effective active termnation for the system brackets both
reads on nenory nodule 230 and the read on nenory nodul e 250. The on state
of active termnation on nenory devices on nenory nodul e 230 overl aps the
on state of active term nation on nenory devices on nmenory nodule 250 for a
short per§ od 8. ] j: S I r ti n tais on the
system da%'a buplssg‘3 n%%@c?rf Hg{n? ?’?ﬁ%%égﬁl%g‘%f%\% %tﬁ gb@%ﬁaﬁgtﬁfsﬁ%%a?ﬁ%n on tines
and t ur n gkcfrs ph pegher areamonhmodidaip.a fiEgslogardASuing e tivotrniihates camtcbl bur st

| ength of .4 turn on ti .S one. clock cle after receiving the ATC
si gnal \/\7r%$11ale(gctla lgoﬁﬁ r?m(?fjfmn&urlreedlf%os?‘ﬁpgéecog%g‘%%ne- hal f cl ock cycles after
turning on the active termnation. The turn off time is nodified if
addi tion re or write co nds are nonitored causi 25 new active
term nation tgﬂﬁ%%hofiiohﬁ]é“? g‘%fﬁé’?‘%ﬂ"ﬁ%&ﬁ}f%‘& cma@gﬁéa’lﬂléﬂmﬁrai“or to
turni ng ofctivé REniagion\eentte kighd1 8 A MBmbiyAFVide BIcBMIDES nicaRely Mbdw iegBteeommand. O
course, the relative turn on and turn off times can be changed by
r epr ogr andith9ged IBpong-pet ¥E¥RBri es with a CAS latency different than three and
a burst length different than four. However, as noted earlier, since read
and wite operations 30 are being performed on nenories devices on one
nenory modul e AAgthed forpetiveterinalian cayol i appamy pERIFSMBEd on nenori es devi ces
on ot her nmenory,.:.: L : i : ] .sanme with
a1 “momor 5. e haE et S8 s PETE S s BelRLa TR RS
| at ency aamd burst length along with receiving a common cl ock and being
coupled to a L-usi T. . hods have
been descri bed ey ERT-AR o RSbraRin She bt BRPRELBRINTT,
respect tthe actiomeintresponsedd reoeivind theuagtive tenmicationoatiobsigred atshememdéyrynet hod and
apparatus are provided for active termnation control in a nenory by an
nodul e regi ster providing an active

11. The method of claim 10, wherein turmning on active termination occurs at a

predetermined time after receiving the active termination control signal.

12. The method of claim 10, wherein turning on active termination occurs at a CAS
latency less two clock cycles plus an additive latency after receiving the active termination

control signal.

13. The method of claim of claim 12, wherein turning on active termination includes a

zero additive latency.

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

termination on for a predetermined time.
15. The method of claim 14, wherein maintaining the active termination on for a

predetermined time includes a predetermined time of about a burst length divided by two plus

one and a half clock cycles.
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term nation control signal to the nmenory. The nodul e register nonitors a
system command bus for read and wite commands. In response to detecting a
10 read or wite command, the nodul e regi ster generates an active
termnation control signal to the nenory. The nmenory turns on active

term nation based on information programmed into one or nore node registers
of the menory. In one enbodinent, the CAS [atency is used to determ ne a
turn on t : r | en ' S o determne a tamoff tine
foll ow ngi({nﬁe ﬁ&%ﬁé@ﬁ 0(%? fa éo’é'%ﬁ%%/ngh éi% e‘?%rt&l%rtlpcglﬁ °S RS CSI e hi s

met hod, tmthnumietf teohinfiamtcontra) sigpalvaujle the aptieverdenative istin@bin@inidgtha systemis
reduced ln t ri ous. enbodi nents.. pins.for term.nation control
rre not risay Gt 3 T Rariek BT Pef imB =t s 1O 1 as v BB ol es. 20
Al t hough «iedclisignal regdvadi nent s have been illustrated and descri bed herein,

it wll be appreciated by those of ordinary skill in the art that any
arrangenent that is calculated to achieve the sane purpose may be

substituted fTHe shdiduPeRin 16 v&%ﬂ&ﬁdhﬂﬁﬁﬁur&h@é’%twéﬁéhﬁm@tﬂﬂ'doﬁ@él|oﬁlforla3 i nt ended
to cover an ada tations or variations t he resent |1 nventl on It isto

be under sBf “Enﬁ]éfl tifng getyelatiis 4 the fsbactiv g erpination CPWEQA SEBY res§ivBe ncludesst r at i ve,
and not rﬁ%fain%gl tu@acuv@@mfna%lom@r Phurd DA eARONEADYROE 1B BLSand¥RELAAE her

enbodi ments wi |l I” be apparent to those of skill in the art upon review ng

t he abov ecl@réw@lpmﬂebﬁ rpptime agspeated with te lastactve Grmingtian sqatsol sigpalot her
applications in which the above structures and fabrication nethods are
used. The scope of the invention should 30 be determned with reference to
the appentfed ch aicthod ferlaoting tevimtitkptipmeontnol in agucapey cafprsipgi val ents to which such

clai m are entict)sh o8 MR SR IFRLl S de nonBEARTS hRhRr R no, act i ve

term nation con ereg ster, a
syst em comandgiumg tlmrrelcen\&dactwg tamiraton c.oeatrb]emgmlahatthmnemmiandl signal from

the menory nodule re |st evice in response to detecting a
pr edet er m ned H Cb %?I‘H‘gnaévg {l‘lgﬁ? %PHHI& response to rece ving a wri

command in the memory.

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

the received active termination control signal.
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.

21. The method 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 a CAS

latency less two clock cycles plus an additive latency after receiving the write command.
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bus. 2. The nmethod of claim1, wherein issuing an active term nation control
signal is perforned in response to detecting a wite conmand or a read
command on the system conmand bus. 3. The nethod of claim 2, wherein
detecting a predeterm ned comrand on the system comrand bus i ncl udes
determning that a first chip select or a second chip select is in a high
state. 4. The nethod of claim2, wherein detecting a predeterm ned command
noni t or ed,pn he st co nd Jus.includes determning that .a first chip
sel ect in%/je?r sth%ﬁa’rm 4 %deognlr"ilan gﬂ@%m is}efvg?:rfminﬂ'{}’@gg%a‘ftg eitwng’aﬂ?fbﬂglé‘fleétae. 5. The
met hod of zerd addiriv2 latedegr ei n i ssuing an active termnation control signal
occurs coinciding with issuing a wite command to anot her nenory device
after detecting the wite conmmand on the system conmmand bus. 6. The net hod
of clai m®3j WrEtieghdthdds\diaivg 18, whetdirethe aiFthea turiher ihfled inieitaifREHeacehavi ce
occurs on_anot her Temor nmodule in a first slot and issuing the coinciding
active t elPHAHIER or(?cﬁﬁ%/qefﬂmglie H®F- occurs on the nmenory nodul e disposed in a
second slot. 7. The method of claim2, wherein issuing an active term nation
control signal is delayed one clock cycle after issuance of a read command
to anot he? -nen"ﬂwn?i@ﬁQfélaﬁﬁg‘ér‘”heﬁfé%@@P%ﬁ’@&%aﬁ“@aﬁﬂé@m foip t he system
command b ; : -alim 7 i '&W command
to a nenoéﬁydeéﬁéﬁl%g tl%&%pgﬁegﬁ%@ﬁ@%%\%&ﬁggﬂrlsael I'n gigfﬁlet?g)t’ ﬁvsolr@t?sdand
i ssui ng téne aad e heléclogearicleat i on control signal occurs on a nenory nodul e
di sposed in a second slot. 9. The nethod of claim2, wherein nonitoring a
system command bus and issuing an active termnation control signal to a
menory de#t.ce Soethos fomactivegenmmemioy contwblinge megprg t@nprisitigsposed in a one- sl ot
system 10. A ELbod, foh, A6t L¥eq [iShTALLOR. CONbLAby |BicRiTaIR N SOMPT | Si ng:
receiving an act TV EE Y M nat TORC Cont oo gngll TEHE rremgry PFomta menory
modul e;  digabld affan iactiye ddrmaratiby @ntrel ifitheatidntty;oased on i nformation in one or
nore node regigters.in . . o )

etermining a turn on time for the active termination in the memory; and

determining a turn off time for the active termination in the memory.

27.  The method of claim 26, wherein accessing information indicating an enable or
disable of an active termination control includes accessing at least one 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 tum on time for the active
termination includes combining the information indicating an enable or 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 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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the nenory, in response to receiving the active term nation control signa
at the nmenory. 11. The nethod of claim 10, wherein turning on active

term nation occurs at a predetermned tinme after receiving the active
termnation control signal. 12. The nethod of claim 10, wherein turning on
active termnation occurs at a CAS |atency less two clock cycles plus an
additive | atency after receiving the active termnation control signal. 13.

Th th f ala f t t t i nat i
el vaes 0z ofts i or6leh B i A ShS et s b 6t R Ailer o1 n 1 ne

met hod fummhﬁtlmﬂmyudes mai ntai ning the active termination on for a
predeterm ned tine. 15. The nethod of claim 14, wherein maintaining the
active termnation on for a predetermned tine includes a predeterm ned
time of abput Bhdatkthdd dfengh Dedinerdtedbidinidings RIMUST tid &r @kteavdal f cl ock
cycles. 25 16. The nmethod of claim10, wherein the nethod further includes
in respo nisemipgfiondeclydgs erymbining the nformatipy wdicaling anspabinorcisblest s pgiNgl  whi | e
the activerhRhdinehtrd wh%ugmenﬁﬁm&ﬁiaﬂbﬁlﬂr {eling t@GloMEnd BRPrORkhRRAcPN for a
predetermned tinme set relative to the |ast actlve termnation control

si gnal r epsiodafier turping PR gherpstivrogmytationai m 16, wherei n nmai ntai ning the active
termnation control on for a predetermned tine set relative to the |ast
active termnation control signal received includes nmaintaining the active
t er mi nat i 3h onlfeonetbodmfckim B@,rvdteteildﬂatdrméﬂhgwmwﬁf e for treectived one- hal f

cl ock cyc ter t i

termnati {)ﬁlnghotnrcgwg% il%h{gFé.)&tf@gt ?ﬁﬁ % bzlilf:S% F:\I}%tnt% el r“ﬁ%ﬁtbé{?ﬁ” %hlucont rol in a
menory coitpltipkiofig clobleqeievaifuegthamrmoﬂ time of the mtﬂatanﬂman@m rol signal at t he
menory froma nmenory nodule; ignoring the received active term nation
control signal in the nmenmory; and turning on active termnation in the
Menory i n33.esppisSfethcd dTeRi@h 2, Mehefeibetting thetORTORNEINE Mclube® aMRERIp).of49. The

met hod of claln1i8 wher ei n |gnor|n% the received active termnation contro
si gnal i nelpgkdResod equakieiapept ong Sidprehalficlpsk ReTiRdie regi ster of the menory that
enables ignoring the received active term nation control signal.

('D

34. A method for programming a memory for active termination control comprising:

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.

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 for enabling

or disabling active termination control includes loading one or more bits into a mode register

of the memory.
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20. The nethod of claim 18, wherein ignoring the received active termnation
control signal includes accessing information in the nenory that enables
ignoring the received active termnation control signal. 21. The method of
cl aim 20, wherein accessing information in the nmenory includes accessing
one or nore bits in a node register of the nenory. 22. The nethod of claim
18, wherein turning on active termnation occurs at a CAS |atency |less two

clock cycles plus an addjtive | atency after receiving the wite conmand. 26
23. The & hodlsmethodiofclgim 24, syheseipthe wrtipd fusthernipelpdes’ on active termination

includes a  zepgrigddidhhitfon!iRb #RGYem forI@&aﬁghﬁﬁﬁn@énﬁhﬁfomv;ﬁw;;Mber ein the
nmet hod further 1 ncludes naintalning the actiVe ermnation on tor a
predet er m ned lpiding infpBmatitnantergitelnounasy foe beléating 4 singlaeloepre dral siotaysiemg t he
active termnation on for a predetermned tinme includes a predeterm ned
time of about a burst length divided by two plus one and a half clock

cycles. 28. A Tretniebdfodclame B8, wehetear loadingg infonmat@ntinto the mermaorprorenablie@pr i Si ng:

accessing_ informtjon stored i e nor. the informatian indicating an
enab e oror diBlshEedHRER cotel donFRER b todio G R AR 8% s

det er m ni mngltiplettétination 4118, dn@loading irfeinavien infd tht MatmoBfor seldchify AER@E Y, and
determ ni ng[ a turn off ti, %gr the active h,er_n‘i nation in the nenory. 27.
The met hototoF 2 dpalsiof ygtem jpclndes fpaging @Rsserigpre hitoP QBT PTIRCTF MPME HREISHE Bn” enabl e
or di sabjenRfogn active term nation control includes accessing at |east one
bit in a node register predefined for indicating the enabling or disabling
of an active termnation. 28. The nethod of claim 26, wherein determning a
turn on tijre f’ﬁ{er{;) dao%lgifﬁ3%%&re{§d‘1%£diﬁg‘info%£&b%q§to% LA GorsBiEctjnll OF MaL i on
i ndi cating an enabl e or disable of an attive term nation control "with

| at ency i milopledgrinamtibmoyalgstincludgs ohding enervr owre bitsentd @ nevdp regibéar érni ned  peri od
after receivj.ng.an kve termnation control si.gnal. 29. The nethod of

cl ai m 26, Sevﬁﬁ{é?%ltﬁer gfsteorhﬁ tﬁ%‘ﬁfmémtvﬁlru ‘Flc’ro"“ni){biorl?%en tF%I}lgé}Wg Vgl(lzlf'i ve termnation

i ncludes setting the turn on tinme to a CAS |atency | ess two clock cycles

| us an ddi tjve | .atter r ivin n Y m ion nt r ol
gi gnal . ﬁ 'l'he met c}deo %Mun? 1 ,%vhere?nctge methgd %cluﬁgstprog%aéu%gngt éﬁ rtner?lory%gr tro

active termination control by 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 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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27 30. The nmethod of claimof claim?29, wherein setting the turn on tine
includes a zero additive latency. 31. The nethod of claim 26, wherein
determining a turn off tine for the active termnation includes conbining
the information indicating an enable or disable of an active termnation
control with burst length information for setting turn off tinme to a
predeterm ned period after turning on the active termnation. 32. The

nmet hod of claim 26, wherein determining a turn off tine for the active
termnati&h coffMIPIeIFRITFALPEYRE i ng the turn off time to a burst |ength

di vi ded by twoa plumfityddf input §onthd Pbrtdfof mefikorim¥ & lsPstadh E@hmAd¥bukurn on tinme of
the active termnation. 33. The nethod of claim 32, wherein setting the turn
of f time incl uELT BOFALNIN sslest RItsa ¢l ock period equal to about one and
one- hal f . Cl OCka %Bdlﬂgﬁmuﬁ%m}ﬁeﬂgm 1'519;' Opilil rc&%ﬂaﬂ(gpd}ts%mtﬁe BIQJO!’aCt lve
term nation control conprising: Jloading information into the nmenory for
enabl i ng weredhipablettpgrisiand ve termination control. 35. The method of claim

34, wherein th - i i i nf j J t he nenory
i cat 1 ng. cach Apndintch e Bt UGRA'PAEUOSADLAIRE St i, L)

wher ei n t igiveretthmatidnwohina signalgd a demohyodedicn gxtemélae rhetmainle regitter, the nenory

i ndi cating. additional |atency..37..The f hod of .claim 34 erei n | oadi ng
1 or ot | SR RPRERED SOt PG AT EP Y B areuned NG SEbr @& nat ) on
control imembgeariteaadinRthod)endrcad®ég altichory.nto a node register of the
menory. 28 38. The nmethod of claim 34, wherein the nethod further includes:

| oading information into the nenory for selecting multiple term nation

val ues; apsl | -paohéfild REKENSHCIAR 41 MR rdiN B ABFRIMY clréllit ifaLRG hidle drchitngl e sl ot
or a dual slot system 39. The nethod of claim38, wherein |oading

i nf or mat i BricFeded riecornpdyand aread sammpiy  or di sabling active term nation
control, loading information into the nenory for selecting nultiple

term nation val ues, and loading information into the nenory for selecting a
single s#ot oFhemetindd regibtor ofslagm dhn wheodinthe dedodimd icimepivehas nnchslesa Isigics i n one

or rore n?lgc%itrtg 9415)} il §utblﬂ of {hlg G et 1@ mYnation control signal a clock cycle after an
expected time to issue a read command, if a read command from the system command bus is

decoded.

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 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 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.

50. An integrated circuit comprising:

a plurality of input command ports;
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40. The nethod of claim 38, wherein |oading information into the nenory for
selecting nultiple termnation values includes |oading one or nore bits
into a node register for selecting either a 75 ohmterm nation value or a
150 ohmterm nation value. 41. The nethod of claim 10, wherein the nethod

i ncl udes programm ng the nenory for active termnation control by |oading
information into the nenory for selecting a single slot or a dual slot
system 42. The net hod ch clajm4l, wherei.n | oading information into the
memory for sel WEOF MgreFlockipayt for ecgiying clogk §gnals; 5| ot system i ncl udes | oadi ng
one or nore biddecodih®cifcultooidlddag tiztphiralitpof i@l @ctmandporglagd fleohe @ a dual

sl ot syst em ffo?ék Thse r@t hod of claim41l, wherein |loading information into

t he marroryo?ed:r £ BPTL 1 g a single slot systemprograns the nmenory to ignore
a received actamastitetemingion oontmbpért, obnfigeiegnshn oi@gut pdrt, chupledivltke r egi st er
conpri si ng. . |1 t - . i I Q. a system
conmmand b%g?(ﬂn%%gugrf &%trpg&%lhiqg%stg g@g@?@%@% Sgéélotglg n%gehgﬂ ‘?:E&mt% coupled to

t he pl ur a$xtargal & the mpearateonrenisdhqastivestemmidatiop comter! perg disferenhisere oetpip sel ect
ports; anghARsQeihicy _@/ith@fgﬂll@%ts'eﬁa SRR WPt a Iﬁ&H&h’,e{iildtr&d%ﬁl glecodi ng
circuit for outputting an active ternination contfol signal to a nenory
device ex®™ePPAl to the nodule register, the active termnation control port
different fromoutput ports associated with signals to select a nenory,

wite to & MeMbieVinteg@d bRAG JFERM 50, WRERIVhe dRodif SirdiRAMIEICE §WgRt er of claim
44, wherein the decoding circuit includes a logiC circuit to decode a wite

command afiEru 14 desedeciomit semmaed andideadsammend.egi st er of cl ai m 45, wherein the
decoding circuit further includes a logic circuit to delay the output of

the acti vsp.t erTherladeioRd coditoBklain §1) aheRinCth®8dcodivg ticcuaftiutiier aRludexpget ed ti nme

to issue a read ¢ nd, if.a read command fromthe system.o nd bus is
docoded. SHFUTREER G utputof i agivedprmiradph ool ygnal PR THEVERGB od tine to
i ssue a resthadfordockicgclabmgér thancuguking ye hativatdnainatitteconealdignalmand from t he

systemc AL, I?:Rec? With 4 %ri{e%%%len%hd.
53. A memory module comprising:

one or more memory devices; and
a module register coupled to the one or more memory devices, the module register
including:

a plurality of input command ports for monitoring a system 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, configured as an output port, coupled to
the decoding circuit for outputting an active termination control signal to the memory
devices, the active termination control port different from output ports associated

with signals to select a memory, write to a memory, and read from a memory.

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

to decode a write command and a read command.

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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48. The nodul e register of claim45, wherein the decoding circuit further
includes a logic <circuit to issue the active termnation control signal
coinciding with an expected tine to issue a wite command, if a wite
command fromthe system comuand bus is decoded. 49. The nodul e regi ster of
claim48, wherein the expected tinme to issue a wite command is about a
clock cycle after the wite command fromthe system comrand bus is issued.

50. An integrated gcircuit pri.sing: a plurality of input co nd ports; 30
one or ot 856 eSER afigap expesied s ao Ui Eadorming it Bad ORISR E  r cui ¢
coupl ed tsysteimeopmandibustiydebdddnput comrand ports and the one or nore clock
ports; and an active termnation control port, configured as an output port,
coupled to the decoding circuit for outputting an active term nation

cont rol s¥gnal Theeneananemodule dibalaimed4, whdrein ttel det alitghrércuin fiethemihdddesiar cui t, t he

active termnation.control. port. di.fferent. fromaout.put.. ports assocjated with
S gnal s 180k rectd S RahE e RiringqnsSh el siant O - AA WA PR B R Ror v 51,
The i nt egissit @Gvrité Eatthdndif a &lridd donDithnd \foar e systebecott@emd bigis dedoded. t | ncl udes a
logic circuit to decode a wite conmand and a read command. 52. The
integrated circuit of claimb51, wherein the decoding circuit further

i ncl udes fpgiqAnﬁhbgubhﬁﬁMdielay the output of an active termnation
control signal associated with a read command for a clock cycle |onger than
out putting an MRAEHFLCHERMPR SMUShPULIOT Festiviag amagtive ipswpation cogtrdlisigala wri te
command. 23erafd BREAYy R EnGPITRE AtivORmindRR cBhtrdT RO AITRFRE ol @yuges: and a

nodul e regi ster coupl’ed to the one or nore nenory devi ces, the nodul e

regi st er parinessaeiptad)with sighals wlselegt aghenanp (rite oramagraorpond seafl glomyni t or i ng a
systenlcqgg? . bus; one or nore chip select ports; a decoding circuit
coupled to plurality of input command ports and to the one or nore chip
sel ect ports; aawdtrol logic coupled to the active termination control port; and

an active termination operatively coupled to the control logic, wherein the control

logic includes timing circuitry to turn on and to turn off the active termination in the memory.

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 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.

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.
6l. 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 a single slot or a dual slot system.
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an active termnation control port, configured as an output port, coupled to
the decoding circuit for outputting an active termnation control signal to
the nenory devices, the active termnation control port different from

out put ports associated wth signals to select a nenory, wite to a nenory,
and read froma nenory. 54. The nenory nodul e of claim53, wherein the
decoding circuit includes a logic circuit to decode a wite command and a

d d. /5. Th |.e of claimb54, in the decodi
Ci rout t TORt hel™ MEES B §Ig B oR i BUeiSi a5ieth & Beib AT JBFR hoact i ve

t er m nat i @nbkeoOmt fenosi 1@ ighoredlrecei vddACtveayttditatiah t@trobdigrRkpect ed time to issue
a read command, if a read command fromthe system conmand bus is decoded.
56. The nenory nodul e of claim54, wherein the decoding circuit further

includes @, | OpticGnd@hdr§ bf dlaifn057i FH#6in tRQoAGS] o MEhdsRatntiRg cifkRRté Rkn Si gnal to
coincide with an expected tinme to issue a wite conmmand, if a wite commuand

from t he B¢ affive GivmiatonRi 8 Predetgeripridime dter apachseisayinatimmsentsel signalan acti ve

term nati Qpe;GANE ihRlacRR%dmiRiod &nfbMiopd an active term nation control signal
generated externally to the nenory, the active term nation control port

different frominput ports associated with signals to select a nenory,
wite to e gﬂgﬂ r . : jc coupled to the
active te?z"rﬁ nﬂ%”ﬁe co ?ﬁ%ﬂg’p%’f??érglﬁé an a%YP@tgg 1@%1%]@%) ?gﬂn operatively
coupl ed t mardweodeongistels chupdddatp thelventedl ogidy he@ontr robre modg registancinclddisg t i m ng
circuitry to turn. nd t rn off the acti.ve termnation in the nenory.
58. The n%%??oﬁnbl%{agﬁ%%a?,e%g?%?ﬁnq%gurﬁ@?ﬂg%‘ further includes one or nore
node regi sters coupled to the control logic, the one or nore node registers
i ncludi ng,__one_or nore pi ef [ ni.ng an .enabl eog d a disable of the active
f

I.1.S
termnati®h. 5Hhe mEReRELGIN & Wsrein Seduming grquitiof the cantral fagic is eQpfigheed i e udes

one or MDipGséhe Bitd &BinfigQhSC A Wikinefltolset 4 M1/ FhAMd ot the @&tive terfnifitine or nore
node registers including one or nore bits to select one of nultiple active

term nation values. 60. The nenory of claimb59, wherein the one or nore bits

sel ect eigher PheiRerRtPbf U5 BNFhireiR ek Gr MbrednoliaPedhMR InRhulis ik bpn val ue.

more bits defining an additive latency.

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.
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 is configured

to use the bits defining the burst length to set a turn off time for the active termination,
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61. The nmenory of claim57, wherein the menory further includes one or nore
node regi sters coupled to the control logic, the one or nore node registers
including one or nore bits to select a single slot or a dual slot system
32 62. The nenory of claim61l, wherein one or nore bits that selects a
single slot system enables the nenory to ignore a received active
termnation control signal. 63. The nenory of claimb57, wherein the contro

| ogi ¢ i nclude timn i.rcditoto turn . on the.active.tern nation at a
pr edet er nij dr;eds{h?er%enéw gfr Cq%lﬁn @C?Pvgnﬁléert}ﬁnﬂ%flf%lﬂ of %‘ﬁ £Pgrel ingcﬁéFo'}f]?mefj ecei ved
at the activwetht ditsrdafiaingalne o length teeet b turfd 8ff tihefortheattyveaémidatibmatG3, wherein
the nmenory further .includes. one or nore . node registers.coupled to the
control | ?tlafe,n vig y()t?)vor?msé’n?‘rﬂ’(ﬂlé’“?'@@lif%F@%&CWC%&%&W’W"%‘B’rF ¥ Vfore bits
defi ni ng @miAGidnat ency and a burst length. 65. The nenory of claim 64,
wherein the timng circuit of the control logic is configured to use the
bits defining the CAS |atency to set a turn on tine for the active
termnation. 68n inld}eatdiREY ciprzlng! M 65, wherein the one or nore node

regi sters includes one or nore bits defining an additive |latency. 67. The
nmenory of cl ai fwleBlity\gh&wes spmmaad ppising circuit of the control logic is

configured toong%?mtoréeclgyk#ﬁggtﬁ}éggioﬂﬁ{:{algkné i atency and the bits defining

an additive latency to sel urn o . of the active termnation at the
CAS | at ency niansstivegormyhagiok centol past for teseiving an adide tarmimatien eontrgl sigg8l The

menory of _cl aj 4 r.el J | ogi ¢ in . L an ircuit to
turn of fget%ﬁrgle?g tie{lllgwhtg’rtﬁél Iﬁ%%‘%}ghtﬁggctngg%%l etmglrcr?‘ln%%algjgﬁ%ﬁnger%n# ? (ca’rrnqrtlp(lihrt ning the
active t epansnssotioted deithisigeals @rsele€S. mehney, maitotoya wémaly adndr&d, fronher ei n t he
timng circuit of the control logic is configured to use the bits defining
the burst™®BAdth to set a turn off tinme for the active termnation. 33 70.

The menory of Ldcatrsd 168c couptides the abtBre tdrifiagorCédnérl gortOfhe kbr@rot igicr ol logic i's

configured use the bits defini t he burst Ientgto gﬁa_turn of f tinme
for the a%"t“i’{'?g tq ‘3? UL & rinpy C"émmﬁ{‘}r%ﬁ’fts i fge AT ’G‘PVicg:é? pB‘S’/Sfl% ecpfing one and
one- hal f RafAfiGkite ¥&hRamkiMmd turning on the active termnation.
an active termination operatively coupled to the control logic, wherein the control
logic includes timing circuitry to turn on and to turn off the active termination in the

integrated circuit.

72.  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 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 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 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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71. An integrated circuit conprising: a plurality of input command ports;
one or nore clock ports for receiving clock signals; an active term nation
control port for receiving an active termnation control signal generated
externally to the nmenory, the active termnation control port different from
input ports associated with signals to select a nenory, wite to a nenory,
and read froma nenory; a control |logic coupled to the active term nation
cont rol pggt, %he control .logic coupled to the plurality of input command
ports and’tne OrYfiOR EOBRHE® ports for decoding read and wite commands; and
an active term @t operatively coupled to the control |ogic, wherein the
control logic includes timng circujtry to turn on _and to turn off the
active term naiesh Mo pefeoryimpdalss crupted & the gentrollgrpeack memopt Bedult ed circuit of
clai m 71, insh@mgiatddar rsgma_ra)id b driiire mBabyARSicANEcR mefBRdevITRdSupi&Dl St ers
coupled to the control logic, the one or nore node registers including one
or rore isithe madule register. ity aeduleresister inelpding: 75 ohm terni nation val ue or a 150
ohm termination  val ieralidt inbldEeofiaa b5l bRtk a%fsidth Brthdrhipugher ei n t he
control logic includes a"timng circuit to turn on She active term nation
at a predetern ned encpemafacdip slectawrtsive termi nation control signal is
received at the act} . l o] tr : i t circuit
of claim 71, wherei An&%ﬂ&elgé‘réﬁrggﬁ%l&&erdﬁﬁg}e pﬁlﬁzgﬁﬁéfelgp%;&gm%@g%%%%&ggr egi sters
coupl ed to theoranimond chipsplect pdrfapandne or nore node regi sters havi ng one or

nore bits defining informati.on. for turnin t he ,active. terqnation and for
Turming of f the | ScbTsE" Brirign Sinor Bt Sp R . GE p@RrnE igrFlPho. o

control |l er; onguteittinplineciR ®riindio6 bid®] Sgaptoaie b2 dr i re@Bm69Idedite oreach
menory nodul e _incl udi n‘?rga nodul e regi ster and one or npore msm)r%) devi ces,

each menmory dethf EENCHERPTE drodpls ap Blgireeiftghe pgive trmmaiepeAnEol g st er

i ncl udi ng: different from output ports associated with signals to select memory, write to a

memory, and read from a memory.

76.  The system of claim 75, wherein the decoding circuit includes a logic circuit to

decode a write command and a read command.

77. The system of claim 76, wherein the decoding circuit further includes 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 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 command bus is decoded.
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a plurality of input conmand ports for nonitoring a system command bus; one
or nore chip select ports; a decoding circuit coupled to the plurality of
i nput comand ports and to the one or nore chip select ports; and an active
term nation control port coupled to the decoding circuit for outputting an
active termnation control signal to the one or nore nenory device on the
sane nenory nodul e as the nodule register, the active term nation control
port diffgerent from out . ports associated with signals to select nenory,
wite to fé?e' ne‘%rtsffsgefméoﬁncfdrgfé d froma nenory. 76. The system of claim 75,
wherein the decmdirsitgr,ci rcuit includes a logic circuit to decode a wite
command and a read cam"rand. l7 The %ﬁteip of clajm 76, \é\,he_rei n the decodi ng
circuit furthed™FRYY Elvé%ecé’“PBéfocﬂ'%?orn 41 the memary ASVICR ANt of the active
term nation cont r olanSttjieatrminatib®cdaitrelysire thafattble t@mirfion caapliffsentssued on
a nodule if aéﬁead conmmand fro@\%ﬁ@%ﬂaﬁtem command bus is decoded. 78. The
system of cl ai' ™ BUPHPErEIsiodal 31540 $S15SE ey WEFP @ MERIopeaY 4 | ogi ¢
circuit to isemerdédendalbiywe termnation control signal to coincide with the
issuing of a wite command, on a nodule if a wite conmand fromthe system
command bus is decdd@atoldegicepupled & the agtive tsapnplianRert ad control ler; a nenory
device coupled 10 tGeRMhhehiBh opddielFRORIK € B frd A Wnbidin B0 aCt 1 ve
term nation control port, the active térmnation control port different
f rom out put poonsoldegowrdesdinuig ¢ircyitgyrie fusn ewaidp gn offthemcyve tymiinationo a
menory, and riﬁ%r}flgngdpégemmry; a control logic coupled to the active
termnation port; an n active term nation operatively coupled to the
control logic, wherein the control logic includes timng circuitry to turn
on and to,fum.@Qff the active termnation i.n.the nory device.. 80. The
syst om of S5 ai terE et AETRM P, whérkln M wetbogy bt PP S oA s e mode
registers coupled to the control logic, the one or more mode registers including one or more

bits to select multiple active termination values,

81. The system of claim 79, 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 a single slot or a dual slot system, wherein one or more bits that selects a single

slot system enables the memory to ignore a received active termination control signal.

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 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 contro! logic includes a timing circuit configured

to use the bits defining the CAS latency to set a turn on time for the one active termination

device.
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regi sters coupled to the control logic, the one or nore node registers
including one or nore bits to select nmultiple active term nation val ues.

81. The systemof claim79, wherein the nmenory further includes one or nore
node registers coupled to the control logic, the one or nore node registers
including one or nore bits to select a single slot or a dual slot system
wherein one or nore bits that selects a single slot systemenables the
menory to ignore a received active termnation control signal. 82. The

syst em of 88! ai TheSystephef @hith 83)avieedih (Rl coh@gl [6giclifdludias tihiMigRecaitrcuit to

turn on  gdiigarddity @sd emitd abfifAg e FarR QL @/set NRn biffBnéfdr Ble G2 R Ve
term nati QRLGRALL géviéé.gnal is Teceived at the active term nation control

port. 83. The systemof claim79, wherein the nmenory further includes one or
nore node,, regi.sters coupl.ed.to.the control .lagic, the one o re node

r egi stersg?'gclﬁgﬁ? i}’f&h&y Clpifih 3, avhesin e pyptemipglades @W&?ﬁr{sf 3 a burst

| engt h. sWedtfphayig comper gxeeualle InsHEHans fXMEADIORY thEICONERYIEE 19Tl udes a
timng cipaffrmingbhmied9dsgmpiisingse the bits defining the CAS latency to set a
turn on tine fdetemipingnsctefititsdo berent fmariddnadedduiocme o8 6186 meTivgiesy st em of

cl ai m 83, wher sirangidyethe bit¢ in0d predgermined-fondetsamd t i ming circuit configured to
use the bits deitpiting thehet Sibis] wheredithe b@ of bits ictudefabdst bharsit far the one

active teuddinghlstyldau @ dulbslotlfSefyst em of claim 75, wherein the system
i ncl udes a conput er-readabl e nedium havi ng conput er - execut abl e i nstructions

execut abl & Dby ﬁ“ﬂfsﬁ%ﬂt{)ﬂl!}lﬁ{ 3 %hcre%? El‘{eoart rl’gagtq?n% b”ﬁép Qéi c?f?lggrsiilf%l@gbt ora

d : . ¥

momor o & ?@%&.‘%w%@ﬁ@% 5o Set i e s O RGP But ti ng t he
set of bi MEMoRy o ignete aggceryed aghveerramafion ¢opdrol signaleast one bit for

selecting a single slot or a dual slot system 87. The system of clai m 86,
wherein tB%® at Thesysteroakclpim 86, orhesein dhetsehef bitsdneludas oge or more bits Yoal sl ot
syst em i ssatatihg gurieple tomenaiatvelue® sel ect a single slot systemto program
the menory to ignore a received active termnation control signal. 88. The

system of ggl| ai ThSEstethef Ghith 8818y Hedin e ddlelod nid?e bitdRe saB&i makpR bits for
termination values select either a 75 ohm termination value or a 150 ohm termination
value.

90.  The system of claim 86, wherein the set of bits includes one or more bits for
enabling or disabling active termination control.

91.  The system of claim 79, wherein the system includes a computer-readable

medium having stored thereon a data structure comprising a field containing data
representing a single slot or a dual slot memory system.
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selecting nultiple termnnation values. 89. The system of claim 88, wherein
the one or nore bits for selecting nultiple termnation val ues sel ect
either a 75 ohmtermnation value or a 150 ohmterm nation value. 90. The
system of claim86, wherein the set of bits includes one or nore bits for
enabling or disabling active termnation control. 91. The system of claim
79, wherein the systemincludes a conputer-readable nedium having stored
thereon a data structure conprising a field containing data representing a
singl e sl @2 orThe glistin 6f QhinBITOHeré Sedivld féludids atlbt SySbie MBrablectiad sn 91,
wherein tgglgggkgrﬁa@ﬂggﬁgyﬁ&nleast one bit for selecting a single slot or

a dual slot system 93. The system of claim91, wherein the data structure

i ncl udes fie r at.i on_yal ues
for the rrg3rmr 'ﬁ“ %%r%l%& ﬁ Rﬁ\lfi 11? %{c Farﬁwglrgg‘;chmg § ﬁ%@ ctryﬂ{en%m%?%}

i ncl udes E?RE* iple groniagiep 9{3 © BPEREY 995 ohm t er mi nati on val ue
or a 150 ohmterm nation vaI ue. 95. The_ system of claim 91, wherein the data
st ruct ur e94-nc| Tresysient pkglainh 3 iwhereim thedield mshideppresoraperedits fforgelesting

r epr esent ¢ithgr edalohintgrooinatirsedbie orp Eékdhnetermmatinavaloe control  for the
menory device. 96. The systemof claim 75, wherein the systemis configured
to provides.a dakasysiesnef claihd®l,avhizRiwthe ddeMvdtwenesrilidesla Fisidchaviig ik or

el ectri camofd lﬂﬁ%ﬁtaﬁﬁﬂ@ﬂmﬁ kéiﬁcs@ﬁﬁﬁg éreeﬁ@gs&mlgmng ﬁctﬂeﬂﬂhﬁnﬁﬁ&i codfrop dual
sl ot syst gimidtabi g‘tﬂ:v?cedata portion for selecting the single slot or the
dual sl ot system The system of clai m 96, wher e| n the data portion for

sel ecti ng | e st.em |fn st one bit for
sel ecti ng P{éi d\{;hereggéle SYYETRFon %’fé" gtpéo 8‘?‘?36% SRk i gur ed
Lo a st at EreNHTIdE V'aes §1 viet oy eleetHiey) Sigmals rompRist PIesRiiinge to
i gnore a #&agievky oaeﬂu%lélqtéysﬁrnatqlwne6dtt|acppﬂmngfﬁa$eleoy9g theangy slobps of cl ai m
96, wher efhn dublssletsysiemi gnal further includes data representing selection of
mul tiple active term nation values including a data portion having one or
nore bits91.0 sThegistet bMeliinb96] wirkdin tiRrdataWiriion for 3tleeting a dndlbGloobina
term nat i g ¥Rt $&tem 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 control signal.

98.  The system 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 150 ohm termination value.
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38 99. The system of claim96, wherein the data signal further includes data
representing enabling or disabling an active termnation control in the

menory device including a data portion having one or nore bits to enable or
di sable the active termnation control. 39

99.  The system of claim 96, wherein the data signal further includes data representing
enabling or disabling an active termination control in the memory device including a data
portion having one or more bits to enable or disable the active termination control.
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