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PRECHARGE SUGGESTI ON BACKGROUND , and an [ QORJ/US2003/026
VAR Y4 devi ces typical ly conprise a processor,
~menory controller to provide the processor as well as

ot her conponents of external he conmputi ng

device with accessPREQHAR%méﬁgﬁ%Erfbr mance of
such need by the conputing devices is strongly influe

B q‘@gﬂ puNpad latency" and "nmenmory wite |atency” of
BAt_ e conputing device. In general, the "nenory read

B ' e : dan
. , |l atency is the | egngth,of A28 Brogeseot, raemory, an
! [OOﬁﬂ])cess@p"}%ﬁ‘ﬂgscfeé’%eﬁé%(iélmgﬁﬁ rrerrgry controller to ents of
. ‘retrieve data fromthe ry a Wélpaepthercampon
extEmaElrHetmoncconiraler &y p %n@‘@sp@ﬁ%%?gessor with the

requested data. Simlarly, the "ne 1 gnbeib )
5 thé Eoﬁlgﬂﬁﬁ@ﬁbyicbfvﬁ'th acagsh tofhe m@én%ﬁé% Re%gﬁ nee e
~processor requests the external mmf@conﬁil@bh%‘&trﬂ
cofid tt\% dcfé\ﬁcésq tsh@ngiTfivermed byrtbe "mem EA% oy
. er-indicates to the processor that fhe
CONHHS: g h hat th n%%‘-@gead
I

has been aqr, w Wit devidehén geneid) thes
""MBQH‘W?‘PM%‘—:VT I%Rdgvn\hl'ﬂN(%@[ 0002] The invention

: = I
described herein,i r NS ST reauﬁﬂﬁéh%ﬁﬁtema
latercy” igthgd9ng qr}ltllq?q g%%é%hi@ﬁteﬁ%conpanyi ng figures,
_ For sinmplicity and clari é_g} O{J‘l r'nle LAl viien thiecaydengl memory
") ‘mgrharytooatrotiet i@ fﬁH@"Fi%‘ﬁ M€ NSt nEcessarily drawn oy
to scale. For exanple, the dinmensi i rly, the "mem
0 Cgr@mtpﬁoﬂdes tree psasggeeral '@?jthee'ie&f‘l?§%%fd oéi%'t %@?@2
: el enents for clarity. Further, where cgﬂ‘%i ({ﬁg ocessor requests
Vﬁ,ﬁgq&gh'yatgggehéf@ly&hederlgﬁlh@f@nﬁéi%weﬁg Tepeat ed
anong the figures to indicate correspondi Fyq O(iwhentheeﬂema‘
AR 2L PARU BT Borolid 49 Uake Br torthe MeRPRLIE YA
Qe Nt of a computing device. 27FEB2007

processor that the data has been Of will be

memory controller indicates to the

written to the memaory.

15 BRIEF DESCRIPTION OF THE DRAWINGS

itl le and not
[0002] The invention described herein is ilustrated by way of exampie at

ity of

S

ing fig implici d clar
by way of limitation in the accompanying figures. For simplicity an

i i v drawn to scale. For
illustration, elements illustrated in the figures are not necessarily d

ive to other

X ted relat
example, the dimensions of some elements may be exaggera

priate, reference labels have

20 elements for clarity. Further, where considered appro

us elements.

indi i logo
been repeated among the figures to lndicate corresponding or ana g

[0003]‘ FIG. 1 ilustrates an embodiment of a computing device-
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WO 2004/ 021194 PCT/ US2003/ 026243 [0004] FIG 2

| W dIsgohasGey an enbodi ment of a hierarchal nenor .
arrangenent of the conmputing device of FIG 1.¥HT/U52003/°26243

[0005] FIG 3 illustrates an enbodinment of a nethod
[Ongi/ may_be used by the processor of FIG 1 to
Vi

de Fif% 2alestrates amamfiadiment oba hisrarhehmemaryarpagement -

5 suggestions. [0006] FIG 4 illustrates an enbodi ment

ofdhe zompuiing deivive ofeBIGbé. used by the nmenory controller
- of FIG ‘1 to process a nenory request based upon an

associ at ed precharge suggesti.on received fromthe _

essoL.. Al LED DESCRI PTI ON 10 [ 0007]  The

[OBBBF ous rig CucklustEales An @ERad PRt ¢k Misthod thatgnay be used by the
__processing nenory transactions. In the follow ng - '
Preesssarsfifda, 1 e peovidesthsppdemiat memery lcontober with poetharge

i npl enment-ati ons, opcodes, neans to specify operands,
suggestiooe partitioni ng/ sharing/duplication :

i npl enentations, types and interrelationships of

system conponents, and logic partitioning/integration

' i ces e.set forth in order 15 to provide a nopre
1068} 011G ddfisteaten A CEIBACHBoR: @ MELOR 1Al nesy b bsed by the

will be appreciated, however, by one skilled in the
mamory ﬁ@mtrqi%é of Alent tcoprogags Banepppcrequest basachupon ench
-specific details. In other instances, contro
associated prEshags fudgestion cioeived ffomahd protesseef t war e
i nstruction sequences have not been shown in detail in
order not to obscure the invention. Those of ordinary -
Leip kel ith the included 20 descriptions,
D€$?¢L%qu%§§ﬂﬁg*ﬁ | ement -appropriate functionality
wi t hout undue experinmentation. 2 27 FEB 2007 WO
[0QEA4/ 02 THeAoRsWihgRe0ApRPALkEbBEASdhriRglies fI PRScddtidd Wemory
specification to "one enbodi nent”, "an enbodi nent",

tran8AciOrATIM heofhew| cripde nurhdldLis %gﬁcﬁﬁti%l%téii%esuch as logic |
ap alar . ~

enbodi nent descri béd may 1 nclude rtic

| imé%@’é)%ftﬁté%nfsﬂ :?é';éb&'ése, m&nRAREN B})g}ein%l’s,_ -Pé‘stou?c\:/ee ry

15

20

_partitioning/sharing/duplication implementations, types and interrelationships of

system components, and logic partitioning/integration choices are set forth in order
to provide a more thorough undérstanding of th'é present invention. It will be -

appreciated, however, by one skilled in the art that the invention may be practiced

without such specific details. In other instances, control structures, gate level circuits |

and full software instruction sequences have not been shown in detail in order not to
obscure the invention. Those of ordinary skill in the art, with the included

descriptions, will be able to implement appropriate functionality without undue

-experimentation.

., 27TFEB 2007
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not necessarily include the particular feature, © 27 FEB 2007
StwoQbsie11909r characteristic. Mreover, 5 such Hiﬂses

are not necessarily referring to the sane errbod!OP S2003/026243
Further, when . a particular feature, structure, or

@@éacte t| c is described in connection with an _
[ di ms erppogssindiie specitigatiandio bne esnbdiment’t Fan embodiment”,

know edge of one skilled in the art to ‘effect such

"argrample embediment’, ete., iotisatecthat thet émbodinmemt destiiloed may

wi th other enbodinments whether or not explicitly

 inbhsde & lparticuld fEA0AY stibehee) mﬁaﬁarﬁé rigtiee bUﬁé\%W'é?ﬁchﬂ%ent may

be inplenmented in har dwar e, |rmNare sof t war e,
A L -
b
eerut e8E %f’éjgﬁiﬁ%‘{é%%eﬁmrﬁf% Saﬂ%‘:ﬁ@%‘)ﬁ@?@amﬁh@r- when

q;az i ncl ude anz mechani sm for storing or

tﬂaéﬂ'@-ﬁ%“t PAlYEE.i SHUSHUR: Posnaractaristis imdescribed) kbcennsetian with an
machi ne (e, g., a conputing device). For exanple, a

emberiment, i isasidpnideddaatihisiwithin the knbeviedgelobohg skitiediity the art to
(ROM) ; random access menory (RAM; magnetic disk

effedsagh festdien stropiure, alr chiapaa@tstited icahn&tRsHwile BeHar
devi ces;  electrical, optical, acoustical -or other

 erhbbtinatts WhemRs o 2ot ékﬁ@lyﬁdés%nﬁed carrier waves,
infrared signals, digital "signals

etc.), and others.
20 [0010] An exanpl e enbodi nent of a conputing device
100 is shown in FIG 1. The conputing device 100 may
[0888br i s =rabpdimanis ot thedavessiopl roay be implamented hardware,
menory controller 104 via a processor bus 106.
firrvaraesoftware, examy carnbination yhereof) Erebddimeh@aofthe ikgention may
coupled to nenory 108 via a nenory bus 110 to provide

alsd be ImPIEhiRned 2s MtRRE4HS 2k8d oR gﬁQ@ﬂﬂ@%Q@ﬁ@l@%ed ium, which

processor 102 and ot her conponents 1 a nouse

mié?lé@‘?ééd’ané! 'e‘i@@ut%?']:{yr&%é &F mor@ﬁfo‘éggé&]é A%%&ﬂx?%ﬁéfablel |

firmvare, etc COfT'pUtI evi ce

By 0 TR A TR o

nmay co
bus The processor

t t t he 1
| fe%%%ﬂé% PaeuP {8 e cOMpURGS R meching:

anpl e, nmenory transactions on the processor bus
readab!e medium may include read only memory (ROM); random access memory

(RAM); magnetic disk storage media; optical storage media; flash memory devices;
electrical, optical, acoustical or other forms of propagated signals (e.g., carrier

waves, infrared signals, digital signals, etc.), and others.

[0010] An example embodiment of a computing device 100 is shown in FIG. 1.

The computing device 100 may comprise a processor 102 coupled to an external

- memory controller 104 via a processor bus 106. Further, the external memory

- controller 104 may be coupled to memory 108 via a memory bus 110 to provide the
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106. Further, the processor bus interface 114 may .« 2 7 FEB 2007
I 60 2d0igeand/ or track transactions that othe :
agents such as, for exanple, the nmenory control ?83@5%3’026243

and ot her processors (not shown) issue on the
102

Qcess bus 106. 10 [0012], _The processor may
ofcBSRET2.m07 ol poadahPns {4 BRUParayboaId Wideo controller,
ener at e precharge suggestions. In one enbodi ment, the :
%’rdei'ﬁ s flgppy ik fEnware, lety) of thesomputingtdavidentObwithdzccess to the
upon pendi-ng nenory transactions of the processor 102

‘menrigd08cl osi ng open pages 118 of the nempry 108 (See;

FIG 2) may be beneficial to nmenory performance. In
response to determ ning that 15 cl osi ng open pages 118
neficial, the precharge suggestion logic 116
[Omi;] cauth® PIcessY Ik maY SOERIisee PrRcessorbusdn edkl4 to
the external nenory controller 104 with a precharge :
handie rensaetionsan the quesessor bus MevpThe poovesebt bus iMdrface 114 may
close a page 118 of the nenmory 108. [0013] The nenory
isdiiStransactionp susk a¥ Afor exampiTIemeogMrStfactien® bhthe %ro%sor bus
addr essabl e storage | ocations that the nenory

1oaowrmb+ the b%éggar bESMERAG 1 1PMayd Béﬁcgir{odr tg édﬁtfl%)gﬁ'éﬁlt(

to. The nmenory 108 may conprise one |
trarkaEfoft thal B bug %ébﬁ%@kistﬁ 8,35 olebhoiE, AP Emotit B3R Sier 104

random access devi ces, doubl e
a”g’a?tﬁeﬁprfc?si%é? WD SRS 4‘5@%@0@Cmﬁf®§o@ﬁ 026243
rate (DDR) SDRAM devi ces, quad data rate (QDR) SDRAM
devi ces, or other nenory devices. As shown in FIG 2,

[0018} menThg pk8Sedsay 102 may ARtRA chf fise 'Pr&!ﬁ%f ﬁo%hglggﬁﬁign logic

manner. The nenory 108 nay conprl e or
1’9“0?%@%&’3%13@6@n35€%¥f% W%%moﬁ%‘%%% 2ECioe

B SoBRTD o i o oS ¢ fBlns o
errbodl men{ E % (Qrg 108 may corgrl se
the RRcessret 0 whether glpsing opempagss tidef the mewmory 108 (See, FIG.

10014] The nmenory controller 104 may conprise a
2) mayssbeneficial tasiemony. pesfortmande elnmesponse teietstrainrg that
the processor 102. |In another enbodi nent, the request

closing open pages 118 may be beneficial, the precharge suggestion logic 116 may
cause the processor bus interface 114 to provide the external memory controller
104 with a precharge suggestioh that requests the memory controller 104 close a

page 118 of the n‘iemory 108.

[0013] The memory 108 may comprise various memory devices comprising

20

addressable storage locations that the memory controller 104 may read data from -
and/or write data to. The memory 108 may comprise one or more different types of

memory devices such as, for example, dynamic random access memory (DRAM)

devices, synchronous direct random access memory (SDRAM) devices, double data

4
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1o interface 126 may further handle nmenory requests df 2 7 FEB 2007

t nponents 112. The request interface 126
rwoqg%r&f@g a processor bus interface 128 to FPCT/US2003/026243

comuni cate directly with the processor 102 via the
processor bus 106. The request interface 126 may

rat@r(Dﬁlﬁ) ZORAM devicemsadsiata rate (QRRISDBAM devices, or other

. communicate directly with the other conponents 112 via

n’mmm de¥cesudls shownfin F1G52 ethemémonp 08 i b arranged in a
-conponent interconnect (PCl) buses accel erat ed

| _hmrra:rehbpmaﬁ%tr THARBINORH$65 bddib ﬁ@blr Aoré lﬂﬁnlst&E’ahannels

buses; | ow pin count (LPC or ot her

B L IR i L ez

'C%‘B"ﬁ%

he .conponents 112 via a essor bus interface 128 |
B8 ot pages st sawE 38R uhern Back PAER A EaaNcpmprise

that may 20 conprise one.or nore packaged integrated =

OBE 0§ Mmare a@wmes 124 do réhererebodiments, themenoer 10&maygpmprise

further conprise an address decoder 136 to decode an

* el oe fswarf hierarehal igvaletaadepidod imBl3.e&s decoder 136

i0

15

may decode the address of a nenory request to
generate one or nore selects that 5 E 2 7 FEB 2007 - WO

4/ 021194 PCT/ US20 43 dt |
R o7 o R ERBIDIGT TG4 e EETRySeoR et ilertags, 126 to

be used to select or address a particular storage

-handie memont rearesiserihs Proogssom! Ghdn apatheriemtindimend the request

address decoder 136 may determ ne a rank sel ect, bank
intfaset 126 paydudbédtandleamenzory sequests ef thet ollhleat:omponents 112,
respectively select a rank 120, bank 922, 5 page 118,

The tep@lstimerdade 096 hivg domprise d PRocesSeebusIrerfdsd 128 to
[0016] The nenory controller 104 may further conprise -

cdimAARale b &ty i thel o ce 84 b f.@ tﬁ@ﬁrde%sg%mysoé.l%
he menory 1 ntertface 138 nmay app e or nore

feﬁﬁkﬁ%f‘erﬁa%%"*p%s;@a&% %‘%ﬁﬁ#&ﬁ%ﬁ Ptifshstes 13080,
oqriuRSfe dieed) wit e dner §°%§58$¢§33%%%98q§%twh as, for
apply one or nore selects such as, for exanple,

exgamRrlarperipharal eamponrentintercpnpast (PG) b@sg@a@@ﬁl%@d graphlcs port
colum 124 of the opened page 118 for readi ng and

(A@R xbusgs, universal serial bus (USB) buses, low pin count (LPC) buses, and/or

20

other I/O buses. In other embodiments, the réquest interface 126 communicates

indirectly with thé processor 102 and the components 112 via a processor bus

interface 128 and compohent interfaces 134 of a chipset (not shown) that may

comprise one or more packaged integrated circuit devices.

[0015] The memory controller 104 may further comprise an address decoder

- 136 to decode an address of a memory request. The address decoder 136 may

decode the add_ress of a memory request to generate one or more selects that
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[0017] The memory controller 104 may further conmprise 27 FEBZGU?

PReG hads@e 9gci sion logic 140 to determ ne whether to
cl ose open pages 118 of the menory 108. In one Pfgfﬂszoosfozszu

- enbodi nent, the precharge decision |ogic 140

det ermi nes. whet her to cl ose an open page based upon .
C%ff%%n%dg‘@ Efé@g%@qu@hgrrawmfﬂﬁ @ memeryptQcarnd thatnmf be used
The precharge decision.logic 140 nmay al so determ ne L
tosrlesiar addresos padicutap storpgeg bocativh df tise cheimury 1O8. M'D@rﬁ\a

 decoded addresses of menory requests received fromthe

- embodiesen| thenstidresd B@cddé'mgﬁf?ﬁé?dét%%n S rémﬁﬁ%lé JBank s select,

decision logic 140 may utilize 20 d| erent

oA SRS 36T, eI LA 14 8, e 22

reduci ng - menory

PR B i AR B T

reduce t he nunber of FEB 2007 WD 20041021194
PCTUUS2003/ 026243 - " a e m ss" p g accesses that

ootdlur argh t ,h?{b' " - A
[ arﬁggorl thmthat c gggtsfaggg? @%%? trﬁzg @ n%ae%ory interface
f . Qccurs i n :
RS BERERD: pur 1T AR PeER 3p A ol oo o
ned fo re |o request or
m#%&'&%ﬁ%asmﬁég 8 Ekamile, ik sPVeembrok beth anciaage sefect to
Ieave t p e 118 open after accessing a colum 124 '
E’A’& ® ran thedagecsli %@‘gnammygoagqae@atmnh the

access a different colum 124 of the open page
meI'l@'YfféﬂUeﬁe Tbarmemorynlatquper@@my furtheraapply oné ®r more selects
access occurs in response to a nmenory request
sucitae.sfor egamptd, d5e dolagesdla todhe mdnsk Ba21 1 sélé& the column
anot her page 118 opened. For a page-m ss-access,

124 of tRNBPehePphageH i 8 forrBadmlgesrpwiifisy.0Pen page 118 Of
t he banﬂii 122fj %pens anot he pagé '8 of the bank 122,

and accesses a colum 124 of the newly opened page

3%  for_the current merm@/ request. A page-m ss access
[004&her al The memapmantioleet04 maﬁgﬂhhecd)mpesm:premlaage decision

p hit access. A page-enpty access occurs in
logﬁe&&h)s@tecmrm whetbeyto elgseepenpagesiing d tite ARSAoMADB. In one

118 of a bank 122 that has no pages.is 118 that are
emmnﬁé ntsﬁe;precﬁ@@@ RIERioN RYFEPH0 dbf@n’!ﬁ‘fé@m{e%?ié Elok&'an open
page based upon precharge suggestlons received from the processor 102. The

" precharge decision logic 140 may also determine whether to close an open page

118 based further updn decoded addresses of memory requests received from the
processor and/or the components 112. The precharge decision logic 140 may utilize

different algorithms to improve aspects of memory performance such as reducing

~ memory latency and/or increasing memory bandwidth. Generally, such algorithms

~ attempt to increase the number of “page-hit" accesses and/or reduce the number of
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cl osed page 118 of the bank 122, and . accesses a col ur“m2 7 FEB 2007
12&0%04209% neV\Ay opened page 118 for the nenor ﬁ’ :
request MR page- enpty access general |y has abo®CT/US2003/026243
twice the latency as a page-hit access. [0019] Shown
in FIG 3 is an enbodi nent of a nethod that may be

~ "pagermiss"tansesses habeeas @andaizmp tpdokietter than adpage-empty”

~controller 104 with precharge suggestions. 'In block

- aiffithmithatolesdapagessitisithe memogi 108laferafveiri access.

- 'processor 102 may decode or partially decode a first
- address of afirst nmenory transaction. In one

: '@gﬁﬁdl rre& F Erecharge suggestion logic 116 .
des bvPage-hif a6985SRESHERIS rESpoNsertoHSMAY reqyest accessing
"FEB 2007 WD 2004/ 021194 PCT/ US2003/ 026243 address of
antapeni page hifhthay was apsaed iferma previdisanemary request. For a page-hit
- physical rank select, a first physical bank select,

5 aecedsy theantenticry cph;rsllecreulomagse lssveaRié padda 16upun am accessing a
+ device 100 in sone enbodi nents may support virtual

cOEHrE$24 BBinepadfd £1B fof:*wb@&fo}@gf.le@% i SiRERt Yhd ¥hd Wésl access a

addresses to ‘access storage

df"@?eqtr Bl 1295 oﬁ°{%%%mﬁa@é”ﬁi€fferﬁ§g%vﬁﬁﬁﬁiw ocm?sg A page-
SI cal addresses that are ultimtel decode
\ "‘é%sc SS OCGHERJR FeRRafisedn 'BP"H%“?%%%E gc ng ﬂcglféﬁ page 118

- virtual addressing enbodinents, the precharge
o358k {1 23 thatdscanptiserragedtifoorerad. For aipadeyminscachess, the

first virtual address of the first menory transaction

10 memging adnivbller f04rcosgsiheiopain el Eidsoft the dainki 1223 opens another

first virtual rank select, a first virtual bank

pagd ©18 of Biechaitk T2, ianBtacebssdih cOREM 524 BFthe né nbﬂ age
Es%ock 202, the precharge suggestion logic 116 W&b Pag

1@&?% BlirrePAhbARIY Vec{i'u%@f? %ﬁﬁ?é ﬁgﬁ‘gc&g@@%{&fy ﬁas about three

. second nenory transaction t ows t

' C nk.,

e el .%fﬁ:?f%g% bo8 25885y 2B Sy abrSLadiigiPsonse o
second si.cal address of the second I 5 ,

s Bt A tosSoaatie T OF % kATK A7% tBel b no pages

second physi cal_"bank sel ect and/ or a second physica

15 118:45at 8@ eRaned. foy arnagareraawra;x@s&gh@mpmsm@roiéﬁéO4 opens a

- precharge suggestion logic 116 may decode or partially

clakecphgent @ obthe hankt 129, anddabcessesod coluenrs 24 nd theenewly opened

transaction instead of a second physical address to

page 118 for the memory request. A page-empty access generally has about twice

 the latency as a page-hit access.

[0019] Shown in FiG. 3 is an embodiment of a method that may be used by the
20 prbcessor 102 to provide the mémory controller 104 with precharge suggestions. in
block 200, the precharge suggestion logic 116 of the processor 102 may decode or
. _'partially decode a first address of a first memory transaction. In one embodiment,

the precharge suggestion logic 116 decodes or partially decodes a first physical
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obtain a second virtual rank select, second virtual , 27 FEB 2007
bank sel ect, and/or a second 20 vi rtual page sel ect. sl
[ OB 2POHBLSS ochar ge suggestion | ogic 116 in bl RKERA03/026243
may determne a precharge suggestion for the first o
menory transaction based on various different

adldgzssi dfihe firsEaterfog RIS actioe tobIEIAS Bifst PHOSIBST ¢
| ogic 116 may be inplenented 8 WO 2004? gllgl4ﬂagtﬂ7seligcgafrs

T S8 SN 0 e 10
RS AT5E Babd SBEHE e BT osor 102

in response.to determning that predeterm ned open

uses visuahagdresses tosagaess isteragedenations of the: merrmrydﬁar @be
suggestion logic 116 may be 5 inplenented with a

ptigiesaot 1@and/at gmmorycontroliéd 104 tag trametieng etherwise map the
suggestion logic 116 generates a precharge suggestion

virloat addrgsssd & pHRidHE BB sSBS tidlldre LitHiftelyUedoBBYGo Access
page 118 of the nenory 108 open in response to

SPARS IDcBlioKE SRk mé’rﬁﬁ@fﬁ@é.rﬂ'\ g@ﬂh 9[&%??ﬁéfetsg{ngg%rgpggiﬂ%ntsg the

satisfied. In yet enbo

'pr%#ﬁaw@g's%goﬂ 1R R RS e vt v

|l ogic 116 generates a precharge suggesti on
a‘ffﬁgg L?l?[}'&‘t'gem?&%%ﬁ%“%ﬁﬁeéﬂl@ﬁ firsuphysica g?@gélr%ss to obtain a
page 118 in response to determning that
f*"ﬁ? \é'ﬁt!ﬂleﬁaﬁk iselgct | aofirst virtunkbank beleet, bedior adfirstirtad] page select.
generates a precharge suggestion that requests the

menory controller 104 to |l eave a page 118 open in

ons t
(0026P o7 an e P bR B s TGfiTh8 'ﬁéfsﬁqagﬁamecode or
suggestions i n gesponse determinin
ol s SR A a6 SPERET eiarvan liamsgrtion dhat fllows the
. predeterm ned open criteria have been satisfied. By
f"'%r’H?F@I"Y] Yapsaghiose Iuenr embggipentothe preshargecsigggstion ioglc 116
ggestl on logic 116 may defer to the precharge
de@@ s pbpattiay decademd sebendehysiyalanturess dfthe K@¢ohd memory
make the precharge determ nation. 20 [0022] In one
traashotibrrensbtainhe sed:@m:hﬂﬁ%él ugaieséleer) d Laohd bHysical bank select,
deternmi nes whether t first nenory transaction and

an8RSIeNSedBHIPHY sidaP BEGE Sb2t AR %irllidl 8BRS sing embodiments, the

‘_precharge suggestion logic 116 may decode or partiaily decode a second virtual

‘address of the second memory transaction instead of a second physical address to

obtain a second virtual rank select, second virtual bank select, and/or a second

virtual page select.

[0021] The precharge suggestion logic 116 in block 204 may determine a

'precharge suggestion for the first memory transaction based on various different

algorithms. For example, the precharge suggestion logic 116 may be implemented
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to the sane page 118 of nenory 108 based upon the

0

27 FEB 2007

dapodadntiibpt address and the decoded second address.
For .exanple, if the rank selects, bank selects, P%THJSZ“O:‘V“MZ“

page. selects of the first nenory transaction and the
n.are 9 2 7 FEB 2007 WO

- BT Ssbetadiangn mivebie Prechice susgesien igigd16

suggestion togic 116 nmay determ ne that the -

geneatasca Prebargesuggastion dhatrequests themepaary chhfrobér 104 to close

‘menory 108 and may provide the processor bus

- apagerii8of thd Mmesody HBINTEHBOIER o WRMAHINAY thﬁﬁbrhed_etennined open
e e.

_requests the nenory controller 104. to | €ave t pa

_ g
- orkafia abe oPLARNioa OERMI3BY! R HaCRurbd LubBESHdfIdd Fi6 may be

menory s transaction. Byyl eavi ng t

SRR iR R oy BEbI R It Tod reghardg subgestion logic

transactions. [00231 In anot her

' ency, of nenor ,
1G4Sk 2 Prardajge syagesbon il eanests fhy memaryaontroller 104 to

determ nes whether the first nenory transaction and

- leave 8 iregeetis of the anermeny H08 apsn incesponsento dstesmining that

page-ni ss access based upon partial decodes of the

predeterminidr dese ofitetib@ré nbbsatision! v yiet allsa@rhBadiaithts, hBe

10

15

20

second address of the second nenory transaction. In

prectidrge sughestiditloBiceLiig b%‘#ﬂm,éﬁt%dlﬁﬂ{ &n %ﬁﬁrﬁﬁ%g algolrithm in

- determne whether the fifst ry transaction a
GTB prERIRICE SRR 10U TR obiSiige b BrEyRRGE lbBSstion that
ret‘gEaegng Sf%l @%&0?9%88{@@2@%’% ﬁq?ﬁlge%bggﬁgﬁggn 2%3@{%’ t@a,{ietennining '

determ ne that the second nenory

' l.oqi 116 ma Y
| thqtﬁﬂﬁé%t@fmmdi %0%1 wdeyathgve degnisatisiied, gegeratas esprethange

page. sel ects of the first menory transaction and the
suggestion thahtaquestsrthasaemboncentwlidi 10&te@eaveid page 118 open in

determ ning rank sel ects and/or bank selects for the
respemse\to deteredning ¢t prédateemieldiopen@itdrni£ RBAé Ben satisfied, and

suggestion logic 116 may 20 determ ne that the second .

prowidey iyo breuhangd él.gg?:qés%ioh's iffﬁgéépbﬁsé ﬁé’télrﬁ'liriniﬁ? FhBEAGHET the

if the page sel s of Irst menory Transaction

et AR AN LRSI ol e B peen

wi t hout determ ning rank
satfsfied! B@ p'f‘gﬂgfnﬁ no ;5r%rc1:ls1§§:gte' sourbsg’;'estion, the precharge suggestion logic 116
may defer to the prechafgé' decision logic 140 of the memory controlier 104 to make

the precharge determination.

[00.22] In one embodiment, the precharge suggestion logic 116 determines
whether the first memory transaction and second memory transaction are directed

to the same page 118 of memory 108‘based upon the decoded first address and the

' _decoded second address. For example, if the rank selects, bank selects, and page

-‘ selects of the first memory fransaction and the second memory transaction are

9




. )
R

10 WO 2004/021194 2 7 FEB 2007 PCTI US2003/026243 » 27 FEB 200?
é%ﬁ 4;03 ¥ t anot her enbodi nent, the precharge

sug ¥{%H?f ogi ¢ 116 determines whether one or P 152003/026243

menory transactions that follow a first nmenory _

transaction are directed to the sanme page 118 as the

efluals thenpreohgrger suggastiorologichtifemhay piwtersaine dhat thé trainsactions are -

first nmenmory transaction and the selects of the one or :

- dbected ¢o bs@neqRigeMBIBHNéMBASFOY aﬁ@mafprovﬁfmlpﬁocessor bus

10

15

20

the precharge suggestion |ogic 116 may determne:

ﬂﬂﬂutﬁ I%Ir @@Eﬁa@%rnggéétldFP%F g%dt[%ﬁfﬁ@ Hn%ﬂ%{fr ?ﬁﬁtroller 104

foI ransact none o

.ff{ %ébeﬁﬁéﬁ%iqﬁf@eae%ﬁa%?%agC o™ o A58 e rhetory

esponse_to determ ni ng that none of the four
t@%&l@ueﬁv leaving (he pageshitd oRen the seqondimarerydransaction is likely

same page 118 as the first nmenory transaction, the
topiesult in g pagsthityasoeiss whidyheipd tédunsythpraveraige tdtmcy of memory
external nenory controller 104 with a precharge

{rangptishson that requests that the page 118 be cl osed
after processing the first menmory transaction. [0025]

I'n block 206, the processor 102 issues the first
is the processor bus 106

ry trans ctlon an )
IOHE i dednianet chwr dhe ereci@nngag%ﬁtpnéewaﬂa@ determines

gestion for the first nmenory transaction. In one
@ﬁgadtheeﬁfst meivon tiaoeaetinn angssedamdememory Y@psaetion mayg sesult in
signals on the processor bus 106 that request the

a page-nyiss accdssobased wkivh partigirdenedes ofithd firss adomseiof the first.
transaction and that provide the nenory controller -

mdRbrvraRsd AR NARCRRrs@eoRd 488fss YT the ée&&‘ﬁj f'rlern%ry'ﬁ%ﬁ%é?énon in

request. In another 20 enbodi ment, the processor

pdrfid sl a%8 P@cﬁaﬂ’%{@u tibf %&ﬁ% gg@ gﬁ%fﬂéfé?&ﬁ%{ wﬂgther the first

durlng a transa type
t he processor

h nbodi
b8 Rt DB el 0o B DR Ay LBh SRR s
duri ng an address phase of the first menory
based \DRRTABk Selaets DrBk Seiestsd PREAssleatsor megw ®urank

interface 106 provides the nenory controller 104 with
selests, haskis@lents,1a page selects. For example, the precharge suggestion loglc

116 may determine that the second memory transaction is likely to result in a page-
miss if the page selects of'the first memory transaction and the second memory
transaction are different without determining rank selects and/or bank sélects for the
memory transactions. Conversely, the precharge suggeétion logic 116 may
d_etermihe that the second meméry transaction is likely to result in a page-hit if the

page selects of the first memory transaction and the second memory transaction are

the same without determining rank selects and/or bank selects for the memory

transactions.

10




10

~ the fiesh srarnonyrtransdictioe. second nenory transaction.

15

20

. processor

B8 ShESedtht ety

the,proggssqr

2 7 FEB 2007 WO 2004/ 021194 PCT/ US2003/ 026243 * 2 7 FEB
SUG8S3h4/P 9¥i a a side-band bus (not shown) that is 2007.
separate.fromthe processor bus 106. It shoul d Hd/US2003/62624
appreci ated, however, that the processor 102 may ' ‘
menory controller 104 with the precharge '

i de the
[@@%ﬁ est i hy&t apatherambediment; dbe precttargs sugdestiondegipl 146

- other phases of the first nenory transaction, a ‘
- detgmaninasewbethel ohe an sRTE inMEmblyata o lene hat hSlic & Sirst memory

menory transaction, or a separate bus transaction -
el g s i | 19953 WA il
oBETSEGh SR 1L FGTEH ol aBE G SR Wb one o

[
menor
I);’ contrgller. 104 with a precharge .
isnsactiont FeE pyamPle. she aracherosauggestion

upon. a third nmenory transaction that follows the

: "%&b@w@ﬁtwmma@gm upan spleetsrior Feurshemody transactions that

appreci ated that the second menmory transaction may not
fallaw the ditstmesmbty trandaictioh ittt Inpneasfes Rsurisubis68lsit rABABE
due to various reasons. For exanple, the nmenory

transdctiohs are diPécteBYo HeeSdmé ?aﬁétﬁ_@rascﬂg%_sfﬁ's%eﬁgb‘?f Héh?action._ In

erira 1n aadition

page 118 15 based upon cri

regb&%@f&ﬁ?tgﬂﬁ%ﬁg thaPnbks Bt fﬁgq‘op{ g@%ﬁeﬁg{;\%ﬁﬁﬁhnégéﬁons are

or exanp menory contro

i ' e 118, and .pracess another nenor
d'ﬁﬁﬁ‘a"i‘??os%?‘?‘? 8‘39%&65 ﬁér"?‘ﬁﬁ@i epery trrRsastiginie rspcharge
congoneﬁ)tg. 1% bet ween the nmenory transaction and the
suggestiy fogiro lzﬁ”taﬂdm\ae?it%exfﬁmalmmomeommw4 with a
controller 104 and or menory 108 may el ect to 20 close _
Pre¢harge guagedicnibatiipauestsdhit theqfagest @ be closgd s pescessing

ot-her pages 118 of the nmenory 108 between the nenory
[ 0028]

Referring nowto FIG 4, there is depicted a nethod

that nmay be used by the nenory controller 104 to
the 12

cess,a equest. | l.ock 300, ;' |
00 ool 298 e o8asssch PBeSwss D fstamemsgy rsnsaction on
i nterf aceq 126 _of the nenory controller 104 may receive
Lsg1R& and provides the memory controller 104 with a precharge
suggestion for the first memory transaction. In ohe embodiment, the processor bus
interface 102 generates signals on the processor bus 106 that request the mémory
controller 104 to process the first memory transaction and that provide the memory
controller 104 with the precharge suggestion for the first memory request. In ancther
embodiment, the processor bus interface 114 provides the precharge suggestion

during a transaction type phase of the first memory transaction. In yet another

embodiment, the processor bus interface 114 provides the precharge suggestion

~during an address phase of the first memory transaction. in other embodiments, the

processor bus interface 106 provides the memory controiler 104 with the precharge

1§




fromthe processor 102 that conprises an address anq a

precharge suggestion. In one enbodi nent, the 27 FEB 2{]“7
pr‘%@%@%@?”%s interface 128 recei.ves the addresg’Caﬂiﬁ2003/026243

the precharge suggestion of the nenory request via a- :
menory transaction of the 5 processor bus 106,

stigyestion,vias sidecharfd Bus fivd\shovn) theg & sbparate ffrbmahetdiécessor bus

precharge suggestion naybe prOV|ded to the memory

106Nt éﬁ&ul&rbe]a%f)ré/éiéteet h&Wel&C c}‘iﬁ'@éro%@ﬁ@or 2 nfa&r eprov:de the

- exanp e, signals on a side-ban or a separa

4t 0
iy 2EhlBbsalde i v PERB R Ssi e 92*53 tgbiques such as,
addre of th Yo nmeno equest to obtain a decoded
e, hRIm ?@Sﬁg chHe wﬁt ERpEFClias | ataparatebighe
enbodlnent the address decoder 136 nay generate from
5 tfﬁh&ﬁct@ﬂdhaﬁe@ed@dbamtaﬁdmtrensqntlpaj opja aeparste bus
sel ect, a bank select, a-page select, and a columm
tranﬁamlbnamt fﬂwmspﬂ@\ﬂrdﬁnbh&)rp Q@@.bgctm deci sion | ogic
140 and the nenory interface 138 with the decoded
address. In another enbodi ment, the 15 address decoder
rOV|de t he precharg ecision logic 140 with
wﬁ&ar ti al M§/Progegsie a&l@@%f@g PR 85448 h6r g ORd BPTIORY
of the one or nore generated nenory selects such as,
trarpactinnopitee poressear pugyd0€ eftec the froosemary treaspolice FtLtrther the
menory controller 104 selecting the nmenory request for
processersiO2gnay peovidenthieyminioey teneolls3 8 04 with a pkediargemuggestion
generate page address 20 signals on the nenory bus 110

10 fof hl s@RMA AePBBLtrddshcBbn R edRIFINY thitd -méMoRPfransaction that
enbodi nent, theé nenory Interface 138 may generate page

fo?%ws%&ﬁ%émb an§ hl se a row address strobe
) and the ran sele bank sel ect, and page
sel ect associated with the menory request In response
to the row address signals, 13 2 7 FEB 2007 WO
[0027)4/ 02 M shouRiChe EPpeDSAtedaRdBthelrecordrorgmanaransaativarmay not in
a page 118 of the nenory 108 that is associated wth
fattresoiirkthedikebtacdessds Fdlinéd adbde fag® S8HEWE redsdmdlior
. The menory interface 138 in block 306 may further

exafipte ahe rﬁ&hagborﬁf%‘ﬂéﬁﬁézt %1:51}@%& BUHHeP ETRBGrasprefhe page 118

signals on thé nemory bus 1T0 that select a
15 based upon criteria in addition to the precharge suggestion received from the

processor 102. For example, thé memory controller 104 may elect to close the page
118 and process anothér iﬁembry tr_an’sacﬁon from another processor (not shown)
or component 112 between the memory transaction and the second memory

: _ traﬁsaction. Further, the memory controller 104 and or memory 108 may elect fo

20 close the page 118 and dynamically refresh the page 118 or.other pages 118 of the

memory 108 between the memory transaction and the second memory transaction.

R {0028] Referring now to FIG. 4, there is depicted a method that may be uéed

by the memory controlier 104 to process a memory request. in block 300; the
12 :




ey
N b

p—

s col ufm 124 of the opened page 118 for a data 2 7 FEB 207

transfer. In one enbodi nent, the nenory interface 138

may0 d¥H@HPE col umn address signal s that conpri BETAIS2003/026243
~col um address strobe (CAS) and the col um sel ect
‘associated with the menory request. In response to

réquestimterfateari®y Fihe PGy ScontrbRer Iy ¥E8eit6 Iae&.bﬁxoay request
colum 124 of the opened page 118 that "is associ ated

frWntthetd?ScéE%QEWQ flﬁq‘é‘éﬁ@ﬁ%@aﬁ%ﬁh%@ rid“ﬁ plech: rée suggestion. In

1 nterface enera

| s, 0N he bus 110 th confi
ok BRI, bprPersSer a{santeefaveﬁéé rS@ oG ang the
mepory interface 138 may generate an active output
P'@HBBTQ@ suggestian ghthe memea(Egueslkyia @ memedy transaetiorpaf the
to provide the menory interface 138 with data stored

5 pliogessar busl 106, eivwevkyras. i@idatesi atidvarih yegdrtidoféGo By the precharge

I0

interface 138 may 15 generate an inactive CE signal to

- suzyeston eaysisd ﬁ@ﬁéd&@'tméﬁ&ytc@ntr@ﬂ@ U Oﬁét&her techniques such -
provided by the nenory interface 138. [0032] The

adT8EPénarh Eeél ﬁaﬂmg ofggsnhg ﬂtgrngﬁﬂip 0 d@ar@féﬁéﬁséc&iﬁn on the

selecte 24t

qmg gH face 138 and the selected colum 124. In
one o] ht, the nmenory interface 138 may wite
data to the 20 sel ected colum 124 by generating data
signals.on the nenory bus 110 that conprise the data

[0020)be WTHet sduréssidecstidr 8 36tin Bk ﬁZ%h?Uleltodé fife BAMRSY of the

interface 138 nay generate read data fromthe

RSP AR SET 4BASRRTSR LSRR i omor

sl T PoB PRI rt“i%ﬁafae#é%gkﬁééf Rl SorkindiRthe

oL o] b GBS AN Bt oo sl

5

20

determ ne whether to close the page 118 associ at ed
angia ePlume saleri apddnay girvide hegrrachares dasision lagiaii4@ and the
suggestion associ ated the nmenory request In one
memboydhtestace t38evith tehdeapeledexidsessn I egothet émbodiment, the
determines that the nmenory interface 138 is to close

adttesspizgedéd 836 Maagsrovide the pedthagse UaigRMLIDEIR TAWRE Vaspartrally
that the page 118 remai n open. |In another enbodi nent,

detbfeds88i235 ¢BpRiSing SHly a portion of the one or more generated memory

selects such as, for example, only a page select.

[0030] in response to memory controller 104 selecting the rhemory request for
processing, the memory interface 138 in block 304 may generate page address
signals on the memory bus 110 that open a page 118 of the rﬁemory 108. In one

embodiment, the memory interface 138 may generate page address signals that

- comprise a row address strobe (RAS) and the rank select, bank select, and page

: -seiect associated with the memory request. In response to the row address signals,

13




PN

[

| ogi ¢ 140 deternines that the memory interface 138 8 27 FEB 2097_'

t v Sy2iiée page 118 open to unless the precharge _
suggestion requests that the page 118 be cl osed.PC%msz'mm;&“

[0034] In yet another enbodi ment, the precharge I
thgeCi sion éﬁﬁ%lﬁf 140 ,ma% further base its decision upon .

{REMONN T Fgyi anensa eAged 18 b thesmemsny 10Brbatis asseaiated with

or partially decoded address of the nmenory request
thgianioelerle bask seledt, endmpagei salégt. decoded address of

* other pending menory requests. As a result of the-

10

15

20

addi tional 15 information, the precharge decision
t hat

10088 o o e Bl B8 Gr  SE B8R 306 579 62BE" amtipite comn

.',qywe r.echlarqgﬁ deci sion  |ogic 140 mag choose to cl ose

a f‘ﬁ%'g%'gﬂag Sormmang addrpasgionalg gadhe memeryas 10 thes select a
| eft open. [0035) For exanple, the nmenory controller

column 8¢ of fheopenetl pagerd hd for a Adtarteansisit in ore emisstiifmentnthe
ot her conponents 112 or other processors (not shown)

merhont interfazep138 MK@%ME@e ERmn BQd:@%Q%@féB@ﬂﬁQ%ﬁipﬁ@e a

| ogic 140 in block 310 may determ ne to |eave the

coRmart addfesasHepbICAG) Unkithé RBIUFRTREN L & ted E\g@nfﬁ'é%émory 3

after the another pending nmenory reques as

it Q 7. WO _ ‘
o D3RG SR e 5oBuPbaares® sitndis ¢ maffopc 10 selects a
equest i t hat the pa 18 ,be closed. Simlarly, the
°°‘E;'Pﬂ“t ﬁéﬁ Bgﬁ!?e%ﬁ%e@rpﬁﬁlg?fﬂ !]ﬁ% i§ assqicited wilh thgynemory request.
determne to close the page 118 associated with the
FupBen the masperytiniedepe 1138tin Hlapkeamgy genewats coommand signals on
requesting that the page 118 remain open in response
thet medwirg bus rilAghabhadnfigenothe seleeted aokinn It& datatteansfer. For
initiate a dynamc refresh of the page 118 or other -

exgraples tHe Metiory iterfABEMBE nidBgdidrate Bf Q6B bHHUL BRable (OE)
menory request. [0036] In response to determning to

sighhlt ' bOHE" | i
SRR GBI Al BN DB i i
8. i 45N he nenory interface 8

a8kl nk 8RB TR Gy TR Bl S8 ¥y
menpry bus .11 i ch cause the nenory 108 to cl ose the

gerfRTHR 4n BEcrive i miana) (0 davse she SRIBERS e Llcyeaebe data
result in the menory 108 cl osing the page

provided by the memory |nte|¥ace 138. '

[0032] The memory interface 138 in block 308 may access the selected

colu‘mn 124 to transfer data between the memory interface 138 and the selected

column 124. In one embodiment, the memory interface 138 may write data to the

selected column 124 by generating data signals on the memory bus 110 that

comprise the data to be written and a data strobe. Similarly, the memory interface

138 may generate read data from the selected column 124 in response to receiving

14
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R

118 after the colum 124 is accessed for the nenory °2 7 FEB 2007
I 80962 abf €r processing of the nmenory request is
conpleted, and/or prior to the menmory interface PEIg52003/026243

processi ng a subsequent nmenory request received from
the timng and the

_ d%}ge' rgcessor 102. In 15 general, - :
| rﬁ*@?a ®Pn dae sremon dushid Oghatsemprise datesinomdieg selectéd column

dependent upon the inplenmentation of the nenory 108.

1% and 2atiata strobe fronetheembodinyd8., t he nenory interface
138 may generate the precharge command signal by =~
i nactivating the RAS of the first row address signals

 OBRI0C SR B 314, 65 affanarde.deahion keoa AR it memeny contoller

10

i' ve been transferred or possibly even sooner for sone
djgzwgyﬁthlgﬂmhemardﬂ sloseithe pange 1148 assboiiitedtwith théenemory

menory interface 138 may provi de the precharge

- reguestdiased sipoarthe pirethaege suggostion i&@@bi&t@ﬁﬁ@frﬁbﬁ%rﬁ)’equest; In
the

the nenory interface 138 1n block 306 .to cause

ace

oneesmbydifht, therosfargd BcEBRA 18589 4@3&@%%%? that the memory

“transferring ata between the nenory I nte

oS Nty SRUSTIERAE) 4 b S5 oot

the nmenory

oSBT B VS BTRE o eBR. 5e0TRAd i

Inte
¥ : 08 .to | eave the se|ected age 118 open. In
'@%@@ﬁﬁé‘ﬁ% that the memery interfager bg%?ﬂwsemt@mmﬂ 8 open

no .precharge conmand signals or nmay generate :
uniggs the praghatamaugnestign seauasts that te page |8 hescidde.

whi ch cause the nmenory 108 to | eave the page 118 open.

In one enbodi nent, the absence of precharge command
e 118

O unrE arktiel e IRR o Piaenr @R eeiondodEdagmay

open unti’l” preéec

ol bR B AR, MR EIY 400 15 QPN oo

ano

11 g,quer the colum 124 is accessed for the nenory to
OTH_"%S&[’F A

15

20

ecogiedaddrags ekthememegrestuestandiopthet decodeddsrpartially
rior to the nenory interface 138 processing a

. P
decedpd @gdesns ofcotberpensting stenury esguéste. A®amreyult ohtHeY @dional
138 provides the nenory 108 with page-open conmand

infosmgtian shatprechargpeoiidndbgict 14lEmal thB88E tleavePpage 118 open
timng and the manner of generating the page-opeﬁ

that the precharge sugge_stion requested be closed andfor the precharge decision

logic 140 may choose to close a page 118 that the precharge suggestion requested

b'e left open.

[0035] For example, the memory controller 104 may have pending memory

requests received from other components 112 or other processors (not shown) of

‘the computing device 100. The precharge decision logic 140 in block 310 may

~determine to leave the page 118 associated with the memory requeét open until

~ after the another pending memory request has been processed despite tﬁe

15




command signals is dependent upon the inplenentation:® 2 7 FEB 2@07

of the nenory 108. For is exanple, in one enbodi nent,

t NEOBMIRY nt er f ace 138 may generate the page- Hgm§$mm&mmn43
command signal s by mai nt ai ni ng the RAS of the row o
address signals in an active state. |In another

peedizigersoggestion reguesting thaethbarge 138 wylopedvEinsidrysthe

page- open command as part of the conmand signals

Géc@hbntlé@c 'ﬁg% blodkrﬁﬁf r‘ﬁﬁf @efb?ﬁ’udé"t&éleﬁg ttg@ Eab@ 118

Fcause" t he  menor | 'eave the page 118 open

el AT BB RSP S B s BRI Bavosting

10

15

20

atithé phge 3

e SBIETalTLoRRMTICB BN AT AnING Dat %Se%%r?f intertace

description is not intended to be construed in
18B1is ta indiatea synamia refteshmfdhe page i 6Bo7 otherm@g@sa‘rﬂpa of the
enbodi ments, as well as 17 t 2 7 FEB 2007 WO -

R0y OZB LSiter REGLA4SPRPDLAREAGR reouibst. enbodi nents of
the invention, which are apparent to persons skilled
in the art to which the invention pertains are deened

| nventi

|n the spirit_and s e of the nv
l({Pgiﬁh i repBonsmio,detammininmcess heaaasq! 18 ihg mermory mterface
nputer i mpl ement ed met hod conpri sing: det ermni ni ng
18t black 512 Mawseise theanemery 606 tdoss Sz arlctadeprge, 118. In one
transaction are directed to a sane nenory bank and to
enbbenent} theagesoof intdréacatds maygfeneketelprectiardedonsmagd signals
a first page to which the first nenory transaction is -

ofltHeefeRtbry Buk qIDAAsIEh tauHE Breemeiitly 108 tb iclose th&&fayew 18.In
transaction when a closing request’is sent to a nenory’

g%r‘(i)lér;rt% ng gt:ecﬁéfbe?%&iﬁaﬂﬁt%éﬁ% re%s%]ttrﬁ ?’ué’\/ﬁg’ﬁ ry 108 closing the page

1‘?‘??@%? g ”Woﬁﬁ'lé S2cesi2598! i me;n'of'yslt'eq%de%{,_asf?er proce?ssmg of

the memory request is completéd , and(or prior to the memory interface 138
processing a subsequent memory request received from't-he processor 102. In
general, the timing and the mahﬁer of generating the precharge command signals is
dependent upon the implementation of the mehﬁory 108. For example, in one
embodiment, the memory _interface 138 may generate the precharge command
signal by inactivating the RAS of the first row address signals associated with the
memory request at an appropriate time such as, for egample, after the data signals
have been trénsferred or possibly even sooner for some memory implementations.
In another embodiment, the memory interface 138 may provide the precharge

command as part of the command signals generated by the memory interface 138

in block 306 to cause the mer_nbry 108 to.close the open page 118 after transfe'_fring

~ data between the memory interface 138 and a later selected column 124,

16




transaction to obtain a first bank select and a first* 2 7 FEB 2007
pa‘gngzﬁ(ﬁluﬁglh" decodi ng a second address of the second ‘
menory { daction to obtain a second bank sel edCTAHR003/026243

a second page select; and determ ning that the first

bank sel ect and the second bank select are directed to

(@07 ] s ane Imeaspopsd tmitetardinitito lebee fierpagepdt@ open) tetmemory

~and the second page select are directed to different

intagace 088 irhislosk 8B4 MRIYDIUYThBRBAUSSthe THEMBR) 108 toTedteahBselected

~ 1 wherein determ ning conprises: decoding a first
gr98%ph. bfibt r PR ) Gerfe
- PRASIABORRY. L pimbbalfeRR; the hERRETlorfite 8 Ridh) Gerbrate no
lect: decoding a second , address of the secon _
PRESBIGE bt SitAIE Br fied e etate gk P forBIARG: SIGRlS on the
second bank select, and a second page select; and -
MEIPEYRUS hY whish cense fhe memnnid 084p eavethe rage & open. In one
~ bank select are directed to the sane menory bank and
- efbedirnenrt, ther ahsepag of peichargacomtriandsigrals regsudeinsthbenémory 108
_ are directed to different pages of the sane menory
 learing: thé.paget 185t p?écﬂlaf?dcél%fﬂéﬁﬂrsi?ﬁél@ aré 'ré&Eived or a

providing the nenory controller with afirst nmenory

diffefsif Pagel NBLoftRE HRFHGY 18R igﬁ?g%d.clﬂ'gg{ogla%leémwdiment the

process the first nenory tr ctron an hat "requests
L] t I th | f St fter.
mieRorT 0B osehdfe e g ek Sl 1348 afB%edorifia gremory
the . [ controller wwth a second nenory request
fe&PFéﬂeaﬁ'ﬁéﬁﬁ MEMOREFRAUPST Bcfpsrrietera andion pESE & theamemory

. mepory controller to process the second menory
ineraceakit pRcessing RsUbseqiRNt sRebY lequestunlass the memory
~conprising: providing the nenory controller with a
intarfase 138woyides dbe stemaryat08rwithupags-opbr cormand signals at an
controller to process the first nenory transaction and
apprapriztecings.tin fgbh@rdﬁetﬁﬁ tining @RHRE hRinnkP of heRErdtiRg the page-open
first page before processing the second nenory
corhmBRAGIdrR i el : ' ! 4lold
s isHEhRBAN! @dc{?ﬂt&%hﬁn@&éﬁéﬁ‘tﬁéﬁ?rﬁ gf‘%%;@b@foﬁ. For

a second nenory request

ol oace h second. menory transactiqn.
G I il b BIRETR e MomPBHE R el oe iy Jenerate the page-
requesting the nmory controller tqg process the first
oReBiFmapd sianals by maiptaining thed2aSiatéte 1o adgies sigrals in an
processing the first nenory transaction; and
aciiye gtale; mgnatker &reh@mmemrtge onerperytintepfacecksi8 may provide the
second nenory transaction after requesting the nenory
pagerapesi tammiand g paresithetvenirnand sigaetsr geraratzbisy thememory
7. The method of claiml further conprising:
intefaoe B8 v bideRk IVBWBIKUSE M AMdnfdry108Rb WeAFStH Sadd | $8 open
menory transaction and to close’the first page Dbefore
f; ;
Bt AERSRERS R SRLE0R e HRinlory /ABRRLS 198 208K later selected
Coﬁﬁﬁﬁqg4nennry transaction. 8. A conputer inplenented
net'hod conpri sing: determ ning whether a first nenory
transaction has a predeterm ned relationship to one
or nore nenory transactions that are to be processed

[00B8] er t We¢hifd ¢eitain features of the invention have been described with
' _;eferehce to example embodiments, the description is not intended to be construed

in a limiting sense. Various modifications of the example embodiments, as well as
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menory transaction; and precharging a menory dewce° 27 FEB 2007
u%?&lz(}o%ofﬁﬂ sfy the first nmenory transaction in _ ‘
response to determining that the first menory PCT/US2003/026243
transaction has the predetermned relationship to the
one or nore nenory transactions when a request is '
otfien embodimentsof heciowention, avhioh areappareakiogyersbns ekillsd in the art
menory controller. 9. The nethod of claim8 further
- toowhiphitisé Myenties perhing Gre AeeARDHYicGATHiR Hd %lrlﬂﬁﬁd IsBope of the
© precharge the nmenory device used to satisfy t g .
" inUBARYY transaction in response to determning that the-
first nmenory transaction does not have the a
predeterm ned rel ationship to the one or nenory
‘transactions. 10. The nethod of claim8 wherein
determ ning conprises: determning a first page select
froma first address of the first nmenory transaction;
determ ni ng second page sel ects from addresses of. the
one or nore nmenory transactions; and determning that
the first transaction has the predeterm ned
relationship to the one or nore nenory transactions
in response to the first page select having a
predeterm ned 20 27 February 2007 relationship with
t he second page selects. 11. The nethod of claim8
wherein determ ning conprises: determning a first
page select froma first physical address of the
first nmenory transaction; determ ning second page
sel ects from physi cal addresses of the one or nore
menory transactions; and determining that the first
transaction does not have the predeterm ned -
relationship to the one or nore nenory transactions in
response to the first page select having a :
predeterm ned rel ationship with the second page
sel ects. 12. The nethod of claim8 wherein determ ning
conprises determning that the first nmenory
transacti on does not have the predeterni ned
relationship to the one or nore nmenory transactions in
.response to the first nmenory transaction .and at | east
one of the one or nore nenory transactions being
directed to the sane page. 13. For use with a
processor and a nenory, a method.conprising: receiving
a first nmenory request from the processor that is
directed to a first page of nenory; receiving a
precharge suggestion fromthe processor that requests
the first page of nenory be closed after processing
the first nenory request; - opening the first page of
menory to process the first nmenory request; and
closing the first page of menory in response to the
prechar ge suggestion. 14. The nmethod of claim 13,
further conprising: receiving a second nenory request
froma conponent - - _ ' -
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ot her than the processor; and determning to close the

first page based upon the precharge suggestion and

t he second nenory request.1 5. The nethod of claim13,

further conprising: receiving a second nenory request

fromthe processor after receiving the first, BB 2¥07

request; and processing the second nenory request
VWmhsdéEEﬁ% closing the first page of nenory. 16. For use

an external nenory controller coupled to a.

1. A complRARHEmefte MRHBE S preRETetefrhiRiflg thal LHBATRry FdHSAas 4 second
memory trhigsgttion tate drected BitsathePicdtinplgR asdig EBiehageddthersane @shrry bank;
and closing affitst gdge pagisctaths Hrst rméracty terishetian fsi dirstted imeesponse to processing the first
memory transagtion ehema clbsingieassstis sent tespenge controtie vie @rbus xiernal iathe memory
controller.t he first nenory transaction has a predetern1ned

e a ons I o one or nore subse uent
2. The me reln H:r |n

ne
transactlo flr 1‘;;1 3 gﬂ%{ e C § ? res soft e second
memaory tr % ﬁ; 'E ]l; g@{ o 3? sii nlng that the first
bank sele Erﬁﬂﬁég cloF?(p eﬁ‘uﬂ‘fel %reoJln% nka that BWrirst page

select and%@&@&ﬁi%%@ eidch & Mrdde @fff@r’eﬁlpta d@ﬁ'%cé ﬁ@%m%l"&gﬂﬁl@t' on
logic is to generate the precharge suggestion to

3. The methedjofesim 1 hatreihletelmniag cagices: 8smting 6 PRNaddress BRpOMSendntory
transactiordte tobtaimarfirsi gark lseibctf dfystfbianisdelant pd ¥ first page salat; idecodihg @second
address ofrilst sehenvianansy pansaeios loxbtaite sesbiat reohssiich atseconth bankrselegir and a
second paggyaiect @B@gqj@rg\wngmme)ﬁrst bankrselgettang the seqamd banpleselect are directed to
the same ;P?’B?fég%@”ﬁﬁfhabtf‘%f'rﬁi PEGE fplest apchihe ﬁ%’OB‘F eaK grlge 2ea digeed foghfferent
pages of tiiesaMe MedopyPagist er mi ne that the first menory

4. The me%&@&%%% lI %hg %m Ps?n % & Eg ﬁa%ﬁ%&%l‘tf&”l&%ﬁim fpsth%m%mequest
that requeQQthe %nJESRI dontrdt rPAkY tha? requests the memory
controller th SIBRORS frsi gl gft& rpmcgésnﬁ tﬁehfﬁgt nfé%ﬁ_/ t séc : SRtEpr&Vididth& memory
controller iRSREMHAMentBR MR Yest AfRNHS Gist MBS ord Feyuekt ﬂrﬁﬁﬁeﬁlﬂasfs(lhd #&mory controller
to process St@rsec@dgeenasy tdmeadtibi.st nmenory transaction. 19. The
processor of claim 16 wherein the precharge suggestion
5. The methertpf glaims 1 fugtherepmprigingeprovidiog thi @emorygpntr@ﬁ-bmy a first memory request
that requesty e gxmprvsAntFRller to Rcess derdir mméﬂranéaca@n BHhA papests thememory
controller tg)gg eotpe %trp@g grg FRSRSS r&ﬁw gdion; ﬁ? d providing the
memory conudiep e ?380 s et d i T A
second memo ransa
seq uen mam)ry transactions are-direct ed to t he

6. The metﬁ@hrﬂ? cgﬂnkfuﬁﬁertcgﬁplflén HoSleqBRHRY the AR 61 oM to BrBcesd M8 first memory
transactionih@ EL$&R theGfrst Ghadd éﬂef YReh&ihB ﬂﬁshlﬁerﬁérﬁ FHNBRDNSHAIERLEIAG the
memory confglieCtoipfocksd bt rﬂamtmrh ahnshiten bitdér$équesing the memory controller to
process thd firsimsavadry anstdien.t he predet er m ned relatlonshlp to the

one Or nore Subsequent menory transactions in
7. The methesyh glaige?! fughel cpmprising teguastng themamony fcontipber dmiroenss the fiest memory
transactiongng) 8 ifte il Rpvs Poferapresrseing e sgrasd H]el’”@fytt’@ﬂs"’lcﬁo”t fyad requesting
the mem‘”%‘é‘??é’"] LIReroress e Seqopd emeRrdPYsaiins act i on. For use

8.A compu\%r |G dNRAGTREY coftip p su? g%rr}{g(g vﬂ'iem%pgh%trg nt rQ sgctlon has a

predetermlﬁéﬁqapﬁﬂiﬁ%? to oF ﬁ re n'ﬂér?ﬁ{?? rSactiond th&t &b @ss :hg’ter the first

memory tranE488 afd pr@c ng mdmory transaction in
response t&mﬁﬁdg%‘at tHa G &Iehﬁgz tr\éfhﬁchﬁf ha% ITH% dPédéﬁaﬂﬁﬁ@cl refaB6H4RIB iStle one or
more membr) @knsattiofs WRIRE yeqlst B et fed getloryatirolid viaearis éftednBlQtithe memory
controller. t he processor a second nmenory request after the first

9. The method of ¢laim 8 further comprising: requesting the memory controller not to precharge the memory
device used to satisfy the first memory transaction in response to determining that the first memory
transaction does not have the predetermined relationship to the one or memory transactions.

10. The method of claim 8 wherein determining comprises: determining a first page select from a first
- address of the first memory transaction; determining second page selects from addresses of the one or
© ‘more memory transactions; and determining that the first transaction has the predeiermined relationship to
the one or more memory transactions in response to the first page select having a predetermined



menory request; precharge decision logic to determ ne,
based at least in part upon the first suggestion, 21
27 February 2007 whet her 5pe nmenory is to be
precharged; and a second interface to access a first
storage |ocation of the nenmory for the firstrgRaRNY07
request, and to precharge the memory prior to
relationshPWf @RSefhdphge SRerNd Menory request in response to
t he precharge deC| sion |logic determ ning that the
11. The meOD6ACIirs 8 ivberel deteafihiag g@tbris@? detdininB &t pagosacOkdnes first
physical address| dhthenfilsl memuonytilaesactiomniatersining sacond dagecskcd domdbysidabaddresses
of the onege mereg @ anieansactiony; end determininggired thy fistransediobdess dolipuathe
predetermipe relalionshipdp depne pr mere nfemost rangaeliony i reeppasq to thadistpage select
ha‘””gapé’éjﬁ@fra’f‘@' "sigtenshie wish the S%@Sﬁﬁﬂ%@ﬁﬁﬁsy seI ect s based upon

12. The M3 0 fc jm ﬁgm % the econ ction

does not h det E&§ 3 ?S%I: gfﬂf to the
. first mem §ﬁm ohe |msth 8 Ed to the
Samepagypon t he one or nore first rrermry se ec s an e one

or nore second nenory selects. 23. The nenory

13. For use @il & plokb&ssoraind @ln&inion? 2 mdthor o pris@@IAcdnsrignidirs niditiofydrequest from
the processorttieat fsalirectédtoradics page d ntelorydreneiving ypredgugestiggestianrfioan the
processor thieourststthefirbiaage efaremdnebaxiesed gitan procesisiog dierfirst trigaory request;
opening thg fies¢ page gEmereery &3 Ripcdss Hiedirst Blemery drauestAnd slosing thia &rst paggef memory
in responsgipe Hrep rQe(P“B%eSB?rechar ged based further upon t he

14. The metno (9 PE"EIZ’J %n;r]ﬁ n% a%r&grp i t
e ks P i g
thesecon r a f| rst rrem)ry transacti on, and to i ssue the first

15. The méfﬁcb‘fﬂff Yaint €3) f6ér comprishidf reeBiGings Q&:BF’H B6m&rY G488t From tK¥ brétessor

after receiyigobefirsioneniugieqadstl aad pleb@kyig heRrbsmmb hempryedduestuftbr didding the first

page of m¢r@y.pr ocessor, that 1is coupled to the dynam c random
access menory via a nenory bus and to the processor

16. For usg, it qrrpatasp %@é@gwont@u@' coyfigd tﬁé M 8 RTOERSISPregompgsing: precharge

:eglgifst/l?ﬁ I%zr%%g‘snigrﬂg aﬁ)r?r%%%ée to%%&rg; Ig%ga t %16 r{lf%ﬁﬁf_}etq%éo eéiég%? &
¢ B T

predetermi ns{ip {0 ane or more supseguen ra:ﬁ% ware interface to
i ameﬂq%fﬁ%

provide the? e suggestlon
resse rst nenor t ransac

17. The prédeSpLofidifin fIB {vRéreiR @{éq:réﬁchaltgg Suddr iR dgiclio @@tﬁ’@rﬁt@ %ﬁ)‘f’echarge
suggestiont® FELest hactBelfirat page adiairl dben PArEépodfROB détBeniffEBRaid®st memory
transactionsiogg eg haverthe @bdetdrimined ostgtishshipgio thewine er obre glidsieguedtmemory
transactionwher ein the processor is to further issue a second
transaction on the processor bus after issuing

nory
18. The Pr‘%°ﬁ%°*°f ?frcam ﬁ%ww nf*}eamcaeftgﬁ gvfgegien 'qgse; igtg g@n@veﬂ"@t tbehférst memory

transaction hlp H}th? ARe grimag s in
 semepaod %%82 t i °@Pm AL S e (S

fansaction and the second menory

19. The prdcé?sﬁﬁ@f%faﬁn?% wi&ein HRPr&RTRBE b idiestdR gl & 18 lie®infhdthaitne first memory
 transaction\WA€ iR ipRsdelehBindtArgBBor@hip tdtRe BiYd G W ofe SUBEKHABNt AR StraNBATABNS in
response {@deermatidtes aeck dﬂhe&IneEEﬂSrTe spBRBuUSMEBRE IraadtionB are directed to the
same bankps dhediss orenog ttaosatédrer mi ne a first page select for the
first nmenory transaction and a second page sel ect for

20. The pracpsos@ elaing 1 Gmlmﬁ@lly themsasharee pugigestian gic & te detgranies thatdhe fiyet memory
transaction has the predetermined relationship to the one or more subsequent memory transactions in

. response to determining that none of the one or more subsequent memory transactions are directed to the
same rank as the first memory transaction.

21. For use with a processor and a memory, a memory controtter comprising & first interface to receive from
the processor a first memory request and a first suggestion indicating whether the processor requested that
- the memory be precharged, and to receive from the processor a second memory request after the first

_ memory request; precharge decision logic to determine, based at least in part upon the first suggestion,




precharge suggestion to request that a first page
addressed by the first nenory transaction be closed in
response to the first page eelect and the second page
sel ect being different. 27 The conputi ng devi ce of
claim 25, wherein: the pages of the dynam &7raRdayvoor
access nenory are addressed by at |east bank selécts

whether tRMENRAGE tod PEharged Rfld kBEoRE PEABRAb abcdsd LrirSQtREJH IR IIGh of the
memory fdr tHeSst Mmbry$€]uest andas Predhardelthd mPAGS ps& kesrbeekSifg thB €econd memory
request in fdsparise HEEN® piechidrgedsaiioh Wgicaib@rsinis@b atthe Membry sab B€ preetizehed.
a second page select for the second nenory

22. The memeyt serdnolles of claim@1j farthen ccg‘emelnaa@act(iﬁg;s pp@gﬁap generate one or more first
memory Sdﬁg@@ew enentaginst éféﬂl%tof the ditst memery sqquaségaed thafaﬁreEasoee opyore
second mq ?Cetbaﬁ%w aeqressiof e aiond BEBAY, Uﬁe the
prechargetd CI?I%IOQ d%ec[ é@g t %Wamorﬁf tg QE B'§ seéi upon the
oo ol e PR PV L B0 Lo v cecond

23. The mBAGF cSHELRE b é{é“cgﬁrh 39, & ?l:ompglglng 1 E\‘?r o l.'o'?&el@@‘é't nf¥mory request
from a confpoRérToter th & Sr'oeess ﬁhé?élgqﬁe ;9 ha &ic @4 ine whether
the memoRGO6 56 prEBERGed bab&Y furdided iRYmarhorly eaaést bank sel ects

and page sel ects; and t he pr ocessor is to determ ne a
24. A computing teviza rkmprisingelynandn chndor agcsss megey sedpesihg pages;tamocessor to
generate af frecbargereyagestion faadiset triemarydpcsagticneaorielisprike el neamoraiansaction
and the precharge svagesting en § @rasessor iusr andpaneieasyendtrofiemgidtprnal to the processor, that

s coup'edfortaagﬁen R g Waﬁeowﬁe ., é%llgﬁ%essorwa the processor
FO
s ad

bus, the mf rgCel nep g a pre %eéﬂ%Xrom the
processor op ll' G he first
memory tr h gctl ? dfgf%f ft ﬁ% ?ﬁge seco 0 " ce ﬁ%& east in
art u ont

bart te e| ng equa the first page sel ect and the second

25. The coP@@fig S8VieCdf claal 7Y werdRlthe ptEoessN R t6 RN idsiga SehERe@bry
transactionrcdnahenradessombas gfiten issditieth agesedry rireadignant & to gerdee the
precharge agggesion ime ineifiyst enemoryacidsaeedasdryupat alpegdstermiaauicelgi@nettp Bgtween
the first mebmkffameflcé@ft and ta@'l%li‘cp@@ee@e’lf tsensgctioand t he processor is

o determ ne a |rst r ank select a flrst bank sel ect
26. The co? lng dg Jcesq:f cl ¢raip; the Bageti H e clcess merr]nofry ?re
addressed Of.i et e firs
memory trant?c\ﬂ%? 'con pa sele @{%Ffﬂefggcgan rr?ée%%]rs ran gcf ate the
precharge g rlbarQ e§tet irs@ ggheaadﬁl%gs%ggoy HR%Fst ﬁ]g %rctl
response t& (ﬂﬂs paJe DB ahé BABS Hoe sefd d ﬁ@reglen r ate

precharge suggestion to request that a first page

27. The compaling 886k dd Wlaitd s, WhérSih: thEpmky of thd ANsaRrhrBmkecdst aredry are
' addressed byatresploms ecleds siipabe saécis; amkths ploesstordsid deteemisea drathbank select
and a first paga keled Fag e fiprt megond@asactiorhand fai seeind bbalraclesisind @tseeamd page select
~ for the secqnggnemanoransaiink ase|sde gengeataihe e@dwrgeeﬁmagqsh@ pireasest frga first page
addressed byihg difst am oy fransgglionrigmayja grendipiegpanse l?éhfhl% tdpppk geleshand tpeysecond
bank selectpping&h 3§ MEI6% PR SSlCt AN Gieseeoniteast FEH hehgasie!

28. The co lﬂl Hév?c%'HP sii%gw h tHeC Eu 8@ gf thehéa arlnf?: rzgn%g %ncse%s Fn%mor are
addressed selé c% E éve%g rsg ﬁé hddi k select

and a first SE &ft fcﬁth'ﬂFsﬂne Fa}rlsatcfléhrla?ﬂa% S <93?1d5 se% n82%86ond page select
for the secdndfdmoby tine&fioh, ARk t®HerRfatedthe PREMFE JdSeshon to request that a first page
addressed Py 186 €itsEth a1 trarisatimhibe RBBEdIN te3penss GOBETFSTERAREYect and the second
bank selecttbeig £qed aahthé Frat pagd deles sadtha ss@ad pabe sskedrbang ehetat | on

of the mermry and precharging the nenory after
29. The corgeiag §¢ of ¢laimfaSy wibererer g gﬁg pagfdhd dynamie randpm aecesg mgmery are

-addressed py {a Ieﬁ§5bqnhéel t@@é B299iSpleels:rand e p@chpﬁobistt(bdqtqa{gnne a first
rank select dtar %IH e]ﬂrat memory transaction, is to determine a

second rank se ect a secon and a secon page select for the second memory transaction,

- and is to generate the precharge suggest;on to request that a first page addressed by the first memory
transaction be closed in response to the first rank select and the second rank select being equal, the first

. bank select and the second bank se!ect being equal and the first page select and the second page select

" being different.

closed in



menory controller external to the processor is
requested to access the first storage |location for the
first nmenory transaction. §1. The tangi bl e machi ne
readabl e medi um of clai m 3¢%wherein the instructions

further result in the processor requestingngggmgﬁqgﬁy
controller to access the second nenory page for the

30. A tangRREARGhNEBETIEM e ﬁﬁi%%ﬁ%_i%ﬁrﬁ&%n%&%é%%sé 038 ek bdcuted result
in a proceSdoP fod@ermfidiwrathef Hfirst fr&rlsadiBAPEYaddFedsts 3Gk dt 9Brags Bcation of a
memory ha$1& pledgtghited ré@phsHEto hesehnb InfntBtiasacedn thaiablifes@s a second
storage lovdtien efi the inbr@ony;nesit! ptecharging the uiehrver afteesaédsing thetfine memory page if the
first memqpy oanesation hasgbriprsdatergninet eslationshipyio herstecnt emotydranesfetia when a
memory c@rpt@}iqugﬁtg@ﬁ!gp temgpeesrer weenvesied 1 apdess i first steregrdlpgation for the first
memory rgRsgA%eAct i on does not have the predetermi ned

[ [ t he second nory. transacti.on. )
31. The taE&!I:Eg tmlagiﬂr?ehrlegdatb% med%m 0 calqn 3 whereiX the instruc?ions furg':er result in the
processor requesting the memory controller to access the second memory page for the second memory

transaction after accessing the first storage location for the first memory transaction.

32. The tangible machine readable medium of claim 30 wherein the instructions further result in the
processor requesting the memory confroller to refrain from precharging the memory if the first memory
transaction does not have the predetermined relationship to the second memory transaction.



