;e3e' ' LLR6Tq} 121 February 2005 MEMORY DEVI CE HAVI NG POSTED WRI TE PER
COVMAND BACKGROUND OF THE I NVENTION 1. Field of the Invention The present
invention relates generally to nenory devices, and nore 5 particularly to a
menory device that determines if wite data should be posted on a per
command basis for inproving systembus efficiency. 2. Descgjptli f

Rel ated Art An increasing nunber of eleg¢tronic equipnment a%y?teb?@arg’@dd%e

el ectroni c-based systens require some form of high-speed nmenory devices for
storing and retrieving O information (oy "data"). 'WIle the types of such
menory devi ces MEMORYDPEVISHEFLANING GO SFHD WREVE@E@ERACOMMANDMON| y
used in nenory applications requiring inplenentation in a relatively snal
area. "Wthin this class oBACAYGROTIND QF TEMDTVINTEESN the DRAM (Dynanic
Random Access Menory) is one of the nore commonly used types. 15 Many of
the operations perforned by the central processing unit (CPU) of these
systens arc nenory accesses on the nenory arrays of the system The term
access typilcakikM spiersvimideadi ng data fromor witing data to sel ected
menory cells. Fig. IAillustrates, in block diagramform a portion of the
conponents For accessing a conventional nmenory device. Array 10 consists of
a plurality of nmenory cells 21 February 2005 2 arranged in rows and
colums, into whhch and fromwhich data can be witten.and read. Data is
provi ded on't hﬁé‘%tpare?%b‘B‘sCPB‘HFp‘GP"%CS[ﬁ%CE“;lthP6ﬂfffao§’ VGG AR TRER  shown)
and igput data is supplied to the data input registers 20 via bus 26. The

i nput dat a PREAqugrhHe® Byt derice shatatecdrnti6es Hmditpdatediond bhpotrad o4 f or
input .to the 5 1/0O gates 12. The I/O gates |12 then wite the data via bus
28 to the @eremnﬂxﬁndeam'sIf@fixﬂprom@ﬂsy@l@hﬁbﬁcﬁ{%icﬁgaf ead fromthe array 10,
the data is provided to the I'YO gatés 12 by bus 28 and input to the read
latch 14 via bus 24. The latched data i's then driven by drivers 18 and
output to a systembus (not shown) on the D@ 22 via bus 26. 10 There are
sone short90q3a%ﬁ ﬁgﬂ%@¥$éR£Y¢§ t he conventional system for accessing
menory arrays. OP exanpl e, & i onal access systens typically have sl ow
wite toread circle rinmes, i.e., the tinme required to performa data
a=rite and then a data read. This is caused by the delay required for the
|/ O gates 12 to,w.ite the data into the array 10 before data can be

provi ded from t A% Bfeaging ngmbsr of elacroniseaupment an diglestnepic thaserbgytens
processor speeds continue to increase, increased nenory access speeds are

becomi ng novqiierspard fantn of Thighspbal tebanh Rbicedmor stdri el RASAIMHE Wite to
read cycle time by "posting” the data to he witten into the arfay. posting

f j .« s ' j h [ d - 6ull-
50 as” shoun P st (G 0. KRG G DRE o Ao e dfeekbfb B the

menory array until the control|er determines an available time when the 1/0
gates are Icgpdngon Beaney deyicerag mog commeblyused i oeeyepalicasionssuch as
for exanple a subsequent wite command. For exanple, the data in the buffer

30 wi || berqauiiringhiroplehR nWtdreinl Afetdiivef sndl seRSBAHEALhY i grthe array U
through 1/ O gates 12 va~hen a new wite comand is I1ssued, and new data

(from the geiicshdldof IR I 2l tho DRAR ISl RDULEC A 3% BN SV

posting every Wi

one of the more commonly used types.

15 Many of the operations performed by ‘the central processing unit (CPU) of
these systems are memory accesses on the memory arrays of the system. The term
access typically refers to reading -data from or writing data to selected memory cells.
Fig. 1A illustrates, in block diagram form, a portion of the components for accessing

a conventional memory device. Array 10 consists of a plurality of memory cells



5 data uill always delay the wite access to the nenory arra3~, thereby
reduci ng the systemefficiency. Additionally, when a read conmand fol | ows
several wite commands, if the data in the buffer 30 is not witten into
the array 10 before the read command is executed, there is the risk of the
data in the buffer 30 becom ng corrupted. Accordingly, ther TS be
a delay between the last wite comrmand éo before a read co%iapr?c?ré%% %deds

executed t t data,i s nat _corrdpted, Accordingly, it is desirous
to incr eas%T, "la:’?‘ ré’(t:!‘gsea? C?E)%r@ﬂ%b‘?tod‘é%‘l‘ a?é’%rf@o‘?h‘@hmgrqag%c%b? wadteayside
time, wthout reducing the system e~cieny~ by ahvays delaying wite
commands. SERMVARN P MEledNVERTR Give igpulhéoyspeses\Wy froti Deyvsedrh éiis dhes sone
of the problens of the prior srt and provides a unique system and net hod

for_decr eadionga tel MBUDEHILGATBieHUDNOUaIShBMENGL L BulTbl! g Wi t ten

directly to the array or be posted through a dat uffer on a per command

basi s, the t.| | NG, t he syste i ci,ency., I n _accordance with the
pr esent uvérélﬁplyggﬁ 1%55#%1}%1?@ {bd:n‘f fylEﬂ Jiagchjegel‘qﬁljr&? ieden the buy Ihior inpubio W tten
to a penory array, such as a DRAIMarray, is either witten du-ectly 21

Februry 2 gatesol 2. héhal/@ygars b shadwtity theghnta viddha I8 e SRavaler
command basis. |If the controller determnes that a wite conmand i s goi ng

Lo be f ol | SaribynaReWaRis 16 bk Se&PMIRN. o B 19RLA: a&:%%igf.ﬁxgyc%&({ PRt rst

wite command w e witten directly 1nto é nmenory

posting th aja,in t buffer. If the,controller determnes that a wite
comand Wi alt'gi %a‘ P gﬁu&?’&angymgq E%Bbecr(?ﬁﬁlrgﬁal rlfiﬁ’éa bas 2% addsdrished daatip t he
write command will be posted in the data buffer, allowi ng the read command
to occur viteR dfvan ke drversals andedinteopayitenh bad tatishbwihen dhe WOk bbesa

bus 26.

10 There are some shortcomings, however, with the conventional sy'gtcm for
.accessing memory arrays. For example, conventional access systems typicall& have
slow write to read cycle rimes, i._;:., the nmc required to perform a data ;\a*ritc and then
a data read. This is caused by the delay‘ required for the I/O gates 12 to write the
data into the array 10 before data can bé prd\ridcd from the array 10 to the I/O gates

15 12 during the read.

As processor speeds continue to increase, increased memory access speéds are
becoming more important. There have been attempts to decrease the write to read
cycle time by “postng” the dara to be wrj.ttcn into the array. Posting refers to

‘placing the data 10 be written into the array in a data-builer 30 as shown in Iig, 1B,
20 and delaying the writing of the data to the memory array unril the controller

determines an available time when the I,/0 zates are not being used for a read



into the array when the internal 1/Olines are no | onger being used to
execute the read command. By determ ni ng whether or not to post the data on
a per command 10 basis, the nmenory controller has greater flexibility for

i nproved data throughput. These and ot her advantages and features of the
invention will becone nore readily apparent fromthe foll o@ingekiebay 28aA5
description of the invention which is prdvided in connection Wth the
~acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS 15 FI GURE | A

i |1 ustrat esopicfettmekcilhagamh AL ¢ %&Qg&éﬁ NyQie é&?mﬁﬂﬁpg%ggtﬁap%r SR gsing

a conventi onal rrermry deV| ce; ustrates In agr am orm a
portion of .t . for accessin entjonal nmenpry device in

whi ch ever y WE ?e co 3 bePugdaias éle “g§ﬂ?tfg&§oﬁfg?%bs%w¢’l ingrehezray 10
illustrates in block. diagramforma menory device that determines if a
write comméRtPughold@ ssecspolvbdn emen peite conmand ibasiel, andagsoddaitemilich a
first enbodi ment of the present i nvent| on; FIGURE 2B illustrates ui bl ock

di agr am f omEwew RIS eM) %éﬂ%haﬂ& @a&cf g a%& é&rb{%%gg@g%

posted on a per command basis i ce W secon the
presemt iny | Alllustratesatlmng d|a ram of aspe0|f|c
access seqﬁ%ﬂc 'ﬁ]gﬁ'l“ %%J%ﬁ&‘y HERACEssgP the guemomy: arpy IBRraducing st es a
timng diagram of a specific access sequence of the 10 nenory device of
Pig. 2B; afttEneiiRiencyi |Additivaslls whenbd eel cdhanaadidlows savqabedgasor syst em
in which the

commands, if the data in the buffer 30 is not written into the array 10 before the

rcad command js executed, there is the risk of the data in the buffer 30 becoming

corrupted. Accordingly, there will still be a delay between the last write command

10 before a read command can be executed to ensure the data is not corrupted.

Accordingly, it is desirous to increase memory access speed by decreasing the

write to read cycle time, without reducing the system efficiency by always delaying

write commands.

SUMMARY OF THE INVENTION

15 The present invention alleviates some of the problems of the prior crt and
provides a unique system and method for decreasing the memory access time by
determining if data will be written directly to the array or be posted through a data

buffer on a per command basis, therchy optimizing the system efficiency.

In accordance with the present invention, a memory controller determines if

0 data to be written 1o a memory array, such as a DRAM array, is cither written directly



menory device of the present invention nmay be enpl oyed. DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention wll be
described as set forth in the exenplary 1~ enbodi nents illustrated in Pigs.
2-4. Ot her enbodinents may be utilized and structural or |ogical changes
may be made without departing fromthe spirit or scope of Pherglraagn2005
invention. Like itens are referred to by |ike reference nunerals. 21

February i : nt.J i Q ry
controll erzt%ggtc g{xlﬁfﬁggsg{;dgg{@g;ﬂ oat gaega\t\k}%fqgg g)?ll %ﬂﬂa&\r{r@%ﬂ%g%ﬁ@ay ﬁ%uch as a
DRAM array, is either witten directly to the array or posted through a
data buf f &ongiplsr deierramesaha puErscommgnd ingping st pafalowad by snacher agitam
forma portion of a nenory device that determines if a 5 unite conmand

shoul d be qooshesd,ahe dapessseQaa R LD Brst Wrid€ eOmBRIREWI bl wiltenbdie&eRt
invention. The elenents of Fig. 2A are simlar to those of Fig. 1 Pi,

except in.accor. ith t] esent inventio logic.circuit 40 is
connect ed gb%cel%?ﬁe%gl S é%s&%o\afaoﬁzh%g "zbg 3{%8} @’%‘?‘l’iﬁ%iﬁf eﬁ%%“%ﬁ?ri rst

out put connected to the wite latch 16 via bus 42, and a second out put
connett ed desemmingsethase writg cpmmnapd will be fdlwdchbyie reas! a@mpugide thed derai t 40 i s
connected to a commuand decoder 50 via signal line 52. Command decoder 50

has a secarsbciiiédithaBBRA%ERSnifaki il be pBsiéd ifitHA@hrd $@Ecr§4ﬂm@91?@1@d
decoder 50 is provided with two inputs connected to a nenory confroller 70

Fepr asont 156 npr 8 et SichghRhad! G an e el Vel LR etstung

as further described below. 15 The second signal Iine 62 carries a signal
r epr esent i {REP BegssyiviprcdeiarmanaldsQ nerwe nelopgrbbeingatsod/to Aneiute shal | vy,
Fig. 2Aillustrates an address | atch SO which receives and | atches the

address i negd vhinghandatBy déretRindey Whetled drinod i ¢o8t iRl dfh 00 Méradmmans$S.

10 basis, the memory controller has greater flexibility for improved data throughput.

These and other advantages and features of the invention will become more
readily apparent from the following detailed description of the invention which is

provided in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

15 FIGURE 1A illustrares in block diagrém form a portion of the components

for accessing a conventional memory device;

FIGURE 1B illustrates in block diagram form a portion of the components

for accessing a conventional memory device in which every write command is posted;




Address latch 80 is connected to logic circuit 82 via line 93. Logic
circuit 82 also receives a signal fromconmmand decoder 50 via Iine 90.
Logic circuit 82 is 20 connected to address decoder 86 via |line.94 and
address buffer S4 via line 96. Address buffer 84 is connected to address
decoder S6 via line 98, and receives a Signal from conmmand decoder 50 via
i ne 102. Address decoder S6 decodes the address received f2oRekrtane2006gi c
circuit 82 or address hotter S4 and provhdes a 21 February 2005 7 signal
via line 100 to array 10 to activate the colum of array 10 associated with
the address. TheFIGRIRE bAMIRLk B BRL Vidih (bl MELIA! Al LOyELO. 2A TN
accordance wth the present invention I's &as o oW S ose, for exanple,
awite co D vgkrig.S receiv d_byglpe controller 70 requesting that
data be wrilten o 8 SPE (aemaadaheuld beresied grraperiepmmpad Pasinid s

provi ded on the data inputs/outputs D@ 22 fioma system bus (not shown)
and i nput t¥Fcerdandawachi npot emdgidimensolthevirasdoysm@dirioAddi ti onal |y, the
address is provided fromcontroller 70 to address latch 80 via |line 88,
where it is latched and provided to logic circuit 82. The controller 70
will also know the 10 conmand that. will follow the wite comuand, such as

for exanpl e anotFEIURE 2B il6REIERGn HofleadoHoNranda 198 é&f@ev?&f}g cormand.
If the unite conmand is to be foll owed by anot hera\;vril?e coman ,Et controller

70 wil ' o to d,d 50 via li 60 indjcating that th
{irat i ¢ o SaRIBERT ol O RR 0 g DerMt s A i GEEUEH BOS B LU,

wll send a signal to logic circuit 40 via line 52 15 and logic circuit 82
via |ine 90c¢Hdreen Wit asepend nnboidagenmofithiepressnt goiengoho be posted and can
be witten directly to the array 10. Accordingly, the address fromlogic
circuit S2 will be sent to address decoder S6 via line 94 for decoding.
When the data is provided fromregisters 20 via bus 46, logic circuit 40

will pass the ddUGUREtIRillsirbeslaaitihg Siapiatn BE sfeeifi TR cfakaul s thaput
is latched by die wite latch 16, and

memory device of Fig. 24;

FIGURE 3B illustrates a timing diagram of a specific access sequence of the

10 memory device of Fig. 2B; and -

FIGURE 4 illustrates in block diagram form a processor system in which the.

memory device of the present invention may be employed.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described as set forth in the exemplary
15 embodiments illustrated in Figs. 2-4. Other embodiments may be utilized and
structural or logical changes may be made without departing from the spirit or scope

of the present invention. Like items are referred to by like reference numerals.




20 placed on the bus 24 for input to the I1/O gates 12. The 1j0 gates 12
then wite the data via bus 28 to the array 10 in the address activated by
t he address decoder via line 100. Thus, in accordance with the present
invention, if a wite command w |l be 21 February 2005 8 foll owed by

another wite command, the first wite command Krill not beg te
i nproving efficiency of the system Now _suppose, for exanpl‘éﬁp%sq{ﬂgryt%@%s

wite command (tR) will be followed by‘§ read command (RD). If the wite
conmand i s to bénREAAEHREE Withahe paescnbinvandon 5 nemarpicpprolietdaseimineeifd a
signal to command decoder 5 0 via line 60 indicating that the data

associ at ed dutatth Briteh 18 aCRERRI affip,lsubl 2P @ PRAM 1H8y, GOERBNG RGO dRERP.

inturn, will send a signal to logic, circuit 40 via Iine 52 and |ogic

circuit 82 vi ine 90, indicating.the incomng data is fo.be.posted and
therefore tt(?gg?cdgér{% % 55%% ESLEINTS atﬁg’“'i}gﬁ‘rﬁ&ai%i’lci?”g?@de asi‘sne%gff‘%r 30 and

address buffer 84, resi)ec_ti vely. 10 Accordingly, logic circuit 82 will send
t he addr es#lustiates v bldckshegraoy dam ¢ portorSa 1 meantaty eksich uhdreder@miandwhen
the data is provided fromregisters 20 via bus 46, logic circuit 40 wll

pass the daiRe tOmiti@dMohE] L3Govied AP 8#@01%?2{?&&?1 h&co}?ﬁ{&ﬁlﬁﬁtﬁﬂr ed in

buffer 30 and the address stored i n address buf nti e controller

determnes_the data .in t buffer 30 _can .be sent to the array.]0. The data
can be 15 Erecﬁfntt%v'fwlhr?%eC“@%QgF’c%gAl PO SR LSOO ‘P‘Irﬁlgemd??é?cP‘bm a

sufficient period of tune, i.e., when other core operations are not using
the 1/ 0 gateordmce gvitththegprcasntl ifverfiom ekgiptissuit 4@ idatrmecrd thahewidifren t 0
the array 10 while the data fromthe read command is being output via

drivers 1820Rid hg ABL32ic FhiComhiOl has oﬁ%xwitdﬁ'nn%&@@ 18 ofié ARl Laft&;zg@i"\f-l_!xg”d

decoder 50 via Line G3 I'ndicating posting e data can occur,
(oo ves. t R BT OB A PR ORISR W R0 T Ly - CoMFORITEINAD 10
buffer 30 via signal line 54 which with pronpt the buffer 30 to transfer
its dfta chiesrcuod® kecommiereed to a command decoder 50 via signal line 52. Command
decoder 50 has a second output connected to buffer 30 via signal line 54. Command
.decoder 50 is provided with two inputs connécted to 2.1 memory coﬁtrollcr 70 via
signal lines 60, 62. The ﬁ.fst signal line 60 carries a sigx;lal representing whcthc-r a
write command will be a posted write (PWR) command, as further described below.
15 The second signal line 62 carries a signal representing a posting command, as further
described below. Additionally, Fig. 2A illustrates an address latch 80 which receives
and latches the address into which data is to be written from controller 70 via line 8S.
Address larch 80 is connected to logic circuit 82 via line 92. Logic circuit 82 also
recelves a signal from command decoder 50 via line 90. Logic circuit 82 is
20 connected to address decoder 86 via line 94 and .address:"bufﬁ:r 84 via line 96.
Address buffer 84 is connected to address decoder 86 via line 98, and receives a

signal from command decoder 50 via line 102. Address decoder 86 decodes the

address received from eirher logic circuit 82 or address buffer 84 and provides a



21 February 2005 9 latch 16 via bus 64. Additionally, conmand decoder 50
wll send a signal to address buffer 84 via line 102 which will pronpt the
buffer 84 to send the address to address decoder 86 via |line 98. The data
to be input is latched by the wite latch 16, and placed on the bus 24 for
input to the I/O gates 12. The I/O gates 12 then wite 5 the data via bus
28 to the array 10 in the address activated by the addressZddc@UEPR£ET i ne
100. Thus, in accordance with the present invention, when a wite conmand
will be followed by a read comrand) the controller will issue a posted
write commedighal VhERDYOP S birdd 1008 Labfe 388 O6hAl P r Wikt hlcg W& oWhickiBiich (Re
buffer. The read conmand can then occur w thout waiti r‘}g or the Wput data
to be trans cf&frgs‘id to the 10 array, thereby inproving the systemefficiency.
The input datawill then be witten fromthe buffer to the array when the
I/O gates to the array are available. Fig. 3Aillustrates a timng diagram
showi ng the timng of a specific sequence, of access commands in which the
controller 70 determnes if data to be input should be posted on a per
command basi s i nlliceBsagrRBof the memeryshesrs plustmtedineigi EA.msmdm@amrga,
Fig. 3Aillustrates the follow ng sequence of accesses: wite ('"R),1" ~'rite
(WR), Rea th®p)cschlY inventidY as falldwsr Stifpdsey Br dxampldaniyi ddavrhied aWm) &e

| at ency of one clock cycle. As shoumin Fig. 3A at time TOthe first wite

contr ol 1 er et oo HiRller PR eNBs o B B et 100 B0 Eaedfsnine

wite commapd, tire data 20 associated with the first wite command w ||
not be postt®8 A% 18uchhe dafe inpmvidssl emtha dria dppurs AeutpotsdP Q) 23 Fam heystemst
wite command wil|l be passed directly to address decoder fromlogic circuit

s2 and Li e Wiat(acassoe pirelingiut ko e didansputVeiisters 00WRBWhLs 26.- Aldideghuyary
2005 10 which will be received between tine T1 and T5, will be witten

di tly t ; € in, O_utilizi he,. L/ tes. 12
Ch oot o' ot MBAGrSSGRRL RS LBEAEC O sdblb AN Mot W
~s~rite conmand,is received at tine T4, along with the second address Col.
2 Address. ‘atgbedardpirvided o ngineinauss? s The deatfodet Bl Blso &nowadhec ommand

at time TF,. Accordingly, the second wite conmand will be a posted wite

comaitd ( p\iBmmatitialevil #BoR@ 15O Gt edmMdrd ke 5P RLMPIct B oBFRIE,
received fromtine T5 to T9, will be posted’'in the buffer 30 and the.

address for cond,wite conmmand, i.,e., Col. 2 _Address, will he sept by
ogi o oi rorarayREa TR Houb P REROB b biingy LBt sireada o By
Fig. 2A. 1Q Thus, the data fromthe read command issued at time TS fromthe
Col . 3 Addielievedhy paother yuite santhand,/contetles7a il serichysighalgo Femmand 3,
whil e data and the address associated with the second wite comand are
buffered i rieboddrer0 iR IRRbGPRUI@ENS4hat @RARHIWME! dommand need not be posted.
The command decoder 50, in turn; will send a signal to logic circuit 40 via line 52
15 and logic circuit 82 via line 90 indicating the incoming data is not going to be posted
and can be written directly to the array 10, Accordingly, the address ffom logic
circuit 82 will be sent to address decoder 86 via line 94 for decoding. When the data
is provided from registers 20 via bus 46, logic circuit 40 will pass the data to the
write latch 16 via bus 42. The data to be input is latched by the write latch 16, and
20 placed on the bus 24 for input to the I/0 gates 12. The I,/0 gates 12 then write

the data via bus 28 to the array 10 in the address activated by the address decoder via

line 100. Thus, in accordance with the present invention, if a write command will be



fit time T12, the controller 70 will issue a post command to the command
15 decoder 50 via signal line 62, scheduling the data in buffer 30 to be
~written to tlia array when the data fromthe read command i s bei ng out put
fi-omthe nmenory on the D@ 22. Accordingly, the command decoder 50 ~a-il
send a signal to buffer 30 and address buffer S4. The addrgﬁjaggoreg §é§
buffer S4, i.e., Col. 2 Address, will be sent to decoder b& Wi€PTHRRe?Y® and
the data being input fromthe second wi%e 20 conmand v~ill be sent from
buf fer 30 fodomke by/apogharesricocanimahds e firée WricntémmanlhsillcorHepasted W i tt en
to the array 10 in the address specified by decoder S6. The data fromthe

read commedhisWhbloper efficRicy (DFOm §ysfny T14 to TLS. 11 21 February 2005 At
time T19, another wite conirand i s 1ssued by the controller 70. As

controller 70 |I:nos that the next conmmand at tinme T23 is to be anot her
wite command, the data associated with the wite command at tine T19

~~i |l t b ch, t dd .Col. 4 A il b t
gi rlect I Sot 0 gd ré@gﬁgggoﬂderlc%qug ’r%ﬁ'f T&gé‘?gt%?qlﬁmapggﬁiﬂm L‘lé f‘alz‘?‘gceé] by

associated wide this wite command, which will be received between tine T20
and T24, vitTeedsengpand GhDdi Afdid yritecomhmand isaso B falldvwddZbyg réddecdimagdl es
12 fromtime T23 to T27 as described with respect to Fig. 2A. The next

wzi t e5 conmasmtroilee ZOWMBdedd atsighBl €2 omMahl RLSQe 98 v RS E’Qh&a@mg%ah dt

exanpl e, and as such, the data associated Wth this wite conmmand,
will be 1Q4r ived.betwegn time T24 and T28 ) will pe witten directly to
the arr ayotlhc gil anaS? %%”5%&" r@%@%}ﬁ’é‘fﬁ FQTRPARY St é?osé%i)' uﬁ‘\% commpnchdeqoder
gates 12 fromtinme T27 Lo T31l. Thus, in accordance with the present ,
i nvent i on,5G: Ae terEndil sensh sighhleto Idetcaninrisined? vih livati? 4ol heiociduties2 via a
menory array, such as a DROM array, w il either

line 90, indicating the incoming dara is to be posted and therefore the data and

address must be temporarily stored in buffer 30 and address buffer 84, respectively.

10 Accordingly, logic circuit 82 will send the address received from address latch 80 ro
address buffer 84 and when the data is provided from registers 20 via bus 46, logic
circuit 40 will pass the data to the buffer 30 via bus 44. The data will then be stored
in buffer 30 and the address stored in address buffer 84 until the controller
determines the data in the buffer 30 can be sent to the array 10. The data can be

15 sent to the array 10 when the IO gates 12 will be idle for a sufficient period of time,
i.e., when other core operations are not using the I/O gates 12 to the array 10. For
example, the data can be written to the array 10 while the dara from the read
command is being output via drivers 18 on the DQs 22. The conuoller 70 will send
a signal to command decoder 50 via line 62 indicating posting of the data can occur,

20 i.e., be written from the buffer 30 to the array 10. When the command decoder 30

receives the posting signal from controller 70, it will send a signal to buffer 30 via

signal line 54 which will prompt the buffer 30 to transfer its data content to the write



witten directly to the array or posted through a data buffer on a per
command basis, 15 thereby inproving the nmenory- system efé&cicncy. Fig- 2B
illustrates in block diagramforma portion of a nenory device that
determnes if a wite command shoul d be posted on a per conmand basis in
accordance with another enbodi nent of the present inventioBq g, S
24 R SH T

of Fig. 2B are simlar to those of Pig. o2A, except in Fig. ress
| atch 80 is connected 20 directly to address decoder 86 via |line 102 and
die logic circuit SZ and address buffer 84 are not provided. 21 February

2005 12 Thel®pedaricbuod4t deldinomily, devircad ddcoder 50 edil sendh gignaBd &ldress
simle- to that as described u~idl respect ro Fig. 3.~1 except the address

i at ed wuffly [ Lt .0, )t r 70
associ at e r 84 PRSLRA1 @2 kﬂh‘i‘dﬁﬁﬂgﬁigﬁn%%ﬂ:hm i 5 5ar@d.hi &F?ggﬂ.%{c%dcﬁ%sc

and not provided to the adcliess | the contro provi des

t he post co comma coder 50 to wite 5 e dat <2. Far _exanpl e,
as illust ra%&ﬁ%gi\d‘} E%%B,Bgat q‘??é“f@)%(:l’rép‘ﬁ 1 ‘ttcbxﬁ"i Blédé%ﬁﬂﬁiﬁ?\&t‘#élé ved,

as well as the first address Col. 1 Address. The address ~~ill be sent from
control | er FRcedondie bys 2udbe np8Otankle I fOngades B2t Thetly rgdree 92 hes aaie S6,
and the data witing will be simlar to chat as described with respect to

Fig. 35A ,théhesa dﬁa%lﬁeﬁg)&dﬁﬁ{r}aﬁflhﬂéﬁfl%ﬁgagi rmia‘c‘ z{n_%d gyﬁgéaa&mm U &der yia
|

command, is received at tune T4, ess dr éss assocl at ed
v,~ith thi S'~‘“¢Zif)§ g.ﬁlmmnd tadé{ql be.stored in.controller 70 and not be sent
to the addr&ds:Pét dRUegD aFrardagty with @ pressnainyicagenwwhen Agynisecsemand o t he
address latch .80 until the controller 70 issues the post command to
conmand decwidkbe Sdloated: hine réatizonhend aderoesrdilat okil Sehe £peiedsvide address
Col. 2 Address at tine T12, it will send the address to address decoder S6

via 15 1i necofifand Aot @y YhitingdRE Of: 4s86ciA0ARART o ride H ¥ Bhfed. PPHERSG fi €d

colum in array 10

command can then occur without waiting for the input data to be transferred to the
10 array, thereby improving the system efficiency. The input data will then be written

from the buffer to the array when the I/0 gates to the array are available.

Fig. 3A illustrates a timing diagram showing the tn'nmg of a specific
sequence of access commands in which the controller 70 determines if data to be
input should be posted on a per command basis in accordance with the present

15 invention. Specifically, Fig. 3A illustrates the following sequence of accesses: Write
(WR), Write (WR), Read (RD), Write (WR), and Write (WR) in a mch‘xory having a
write latency of one clock cycle. As shown in Fig. 34, at time TO the ﬁrst write
command is received, as well as thq first address Col. 1 Address. As controller 70 will
know that the next command at time T4 is to be another write command, the data

20 associated with the first write command will not be posted. As such, the address for
the data associated with the first write command will be passed directly to address

decoder from logic circuit 82 and the data associated with the first write command,



When command decoder 50 receives the post command fromcontroller 70 at
time T12, it v2ll send a signal to buffer 30 and the data being input from
the second wite conmand will be sent frombuffer 30 to the 1/O gates 12
via latch 16 fromtinme T13 to T17 and witten to the array 1O in the

adcl i ~ess specified by decoder So. 20 fu illustrated in -Pigs. |
the anobunt of time required for this seﬂblence of commands %(SIJ %%ﬁgg's?f)o:%ed

in accordance with the present invention”is approximately 77.5 naaosecends.
| ~ a pri ovhichk wilihba rocejvatbbémeen sinmh Td randvEs ywill be wrirtepidiFedy uanke 2005 13
command i s posted, tlus sanme sequence would require approximately 1U0

nanoseconds. b FAIRLE! Sar ) WBHEE! 10 8 12838 30K be post ed on o

per command basis in accordance with t ent invention instead of

posting every wite co nd as in_the prior art, a time savjngs of
appr oxi natcgﬁ'{il%l HOE TP TR Do B Q%!%*&FOM JEde SBRUBILY Teceiedadh t hat
I ncludes integrated circuits that. utilize a posted wite on a per cexnmand

basi s accairt 14, tionheith ks sstondrudeinéss @oli 3 Addresst Mafeed cged arad bymatanH06 in
Fig. 4. A conputer systemis exenplary of a system having integrated

circyts, ; L € kS . S eloly Lonal .

comput er s 1 R e B3Rt £ 2B e EHBY SF ot b Ao R PR ot
of data. The data is, accessed duruig operation of the conputers. O her
types of &@mre&r@@aﬂbbéeéw%w%@mmé.(QWR},aaddhgﬁgtaechméqi &ithsthsn
systens, GPS receiver s.astens, telephones and tel ephone systens al so
contai n msetund Wevd c@snidnel rerivedtftdrh 2Bnd e tor ES el bW/ Sdte @ th thebhifier 30

processor based system such as a conputer system for exunple, generally
and the address for the second write command, i.e., Col. 2 Address, will be sent by
logic circuit 82 to address buffer 84 as described above with respect to Fig. ZA.
10 Thus, the data from the read command issued at time T§ from ﬁhc Col. 3 Address
can be ourpur on the I/O gates 12 during time T9 to T13, while data and the

address associated with the second write command are buffered in buffer 30 and

buffer §4, respectively.

At dme T12, the controller 70 will issue a post command to the command
15 decoder 50 via signal line 62, scheduling the data in buffer SQ to be written to the
array when the data from the read command is being output from the memory on
the DQs 22. Accordingly, the command decoder 50 will send a signal to buffer 30
and address biaffer 84. The address stored in buffer 84, i.e., Col. 2 Address, will be
sent to decoder 86 via line 98 and the data being input from the second write
20 command will be sent from buffer 30 to tim 1/0 gates 12 via latch 16 from time
T13 to T17 and written to the array 10 in the address specified by decoder 86. The

data from the read command will be output from time T14 ro T18.



conprises a central processing unit (CPU) 110, for exanple, a

m cr oprocessor, that communi cates uith one or nore input/output (1/0
devices 1=-0, 15U ever a bus 17U. The computer system 10U al so i ncl udes
random access nenory (R112) 1Q&), and, in the case of a conputer system nmay
i r~dude peripheral devices such as a floppy 20 dish drive 120 _and a conpact
disk (CD) ROM drive 130 which al so communicate with CPU 1I@1daﬁﬂuﬁﬂé2ga§ 17
0. R-,'~2 10 is preferably constructed!ds :m 21 February 2005 14
integrated circuit that includes the circuit for determ ning posting of a

write command onAa dir¢é TAOERGG P ATt camntirRVis P4SEY b B EbLRSEIMI I Aespect
to FIGS. 2A and 2B. It nay also be desirable to integrate the processor 110

SRALL- or  any 0 SRS EhBiOtbase b T2aaUR ASTRE WY of o red

emba~iiments of the invention have been described and illustrated above, it
shoul d be ufRferENgothe date aspsivedpahdkenpitarcpnuhandeat timeehtd il andbar e not
to be considered as linuting. :gdditions, deletions, substitutions, and

ot her nodi f peaéd OAS sea the aHBESs Wol PUHIASP AN bBYed @R&N 0 SBUFdst dgéods&ope |

of the 10 present invention. Accordingly, the invention is not to be

consi dered imted by . faoregoj ng_descrimption.but.is only linited.

byt he. ScopelSAPRISES caib B andl HE YalaSSSREaBHE By Waish Eomepaach WHICH Wil
menory circuit conprising: a data buffer coupled to a storage array of said
nenory ci r ced fecciyed dhgieeari viogi T29 end d@deimill hg vitipart didedtly tasdociraydd® with a
wite command, said logic circuit being coupled to said data buffer and

sai d stor ageilaingyhe B/ OUHRNID doGPHE e TO3 R DAL &lhithd PWith r@dyeeyé& F%’Jd

said data buffer, said conmand decoder providing a first control sigmal to

said logic gir g[lﬂctrl_cxt write command, received at time T23, will also not be posted in this
example, and as such, the data associatcd with this write command, which will be

10 received between time T24 and T28, will be written directly to the array 10 in the

address specified by decoder 86 utilizing the 1/0 gates 12 from time T27 to T31.

Thus, in accordance with the present invention, the memory controller
determines if data to be written to a memory array, such as a DRAM array, will either
written directly to the array or posted through a data buffer on a per command basis,

15 thereby improving the memory system cfficiency.

Fig. 2B illustrates in block diagram form a portion of a mcmor); device that
determines if a write command should be posted on a per command basis in
accordance with another embodiment of the present invention. The elements of Fig.
2B are similar to those of Fig. 24, except in Fig..ZB the address latch 80 is connected

20 directly to address decoder 86 via line 102 and the logic circuit 82 and address buffer

84 are not provided.



wherein when said input data associated with said wite command is received
by said logic circuit, said logic circuit in response to a first control
signal sends said input data directly to said storage array or sends said
input data to said data buffer and if said input data is sent to said data
buffer, said command decoder sends a second control signal AMoFasLENIR005
buffer at a predetermned time when inpyb/output gates associated with said
storage array g]i:e not hei nO% used, and said data purfer in response to said
third control siiyrdPCraueyionghememnamH siavics dlustrreshinghicd 286 simplar e thatass aj d
storage array. 2. A nmenory circuit conprising: a data buffer coupled to a
st orage ardesyitofl wigh despeooryFigl 2Auxceptahk agdifess afsodiated aithrees®icsd Agird nput
data associated with a wite command, said logic circuit being coupled to
sai d_data Bishaid Ml sidted LOUAIAIRY 0% SoRa0eh GOl tliPg B2l d
logic circuit, said conmmand decoder providing a first control signal to
said logic circuit; d control]er coupled to said command, decoder,
wher ei n s & BEnEBFe '&P’@r" €8 &8¢ st coRaRd £Q cammansgdeeder gtestIis t o
said storage array or to said data buffer, said controller providing a
secorid corhe ditasilgraivainples ak dhsaaraiag HecdBledr, timai T ganfimndride eogeranidns
response to said second control signal providing said first control signal
to said | Qgictyegi ' ' [ RO ' ' id second
cont rol siareaiels SO zs B Bk WAdlea EDL MBSO SUARPRIFE: ST

si gnal sends Sﬁi d. i nput data 21 February 2005 16 directly to said storage
array or Sepgele th‘? Apdresulareh @ 284 terngdiretly oragdress devpdemthong her cui t
according to claim1l1, further conprising: a second logic circuit coupled to
sai d cont matd eriting dvill diedimismmnthad ecdetefibeds @i 126820 6o Fagi A CIIcW the

recei ving an address associated with said:input data fromsaid controller;

an addres f.er cgthllgl1 t o, i I olel LLEGUIL t: . addgr,ess
decoder cgﬁ%’!@d&{% sal %'g agéliczl ‘gﬁ‘ ? gégagnnljg% ggfxgﬁ%{, %Tlgd"%c%%(raaa?,r{”%g&e?ﬁeif
sai glcdnnput gga if sggt to said data buffer, said second logic circuit in
r esponse st fiPF- BeAFssRsserFigheal with shis 3aity communiiwalbbegwred énds sai d
address to said address buffer, and said address buffer in response to a
fourt h corbnobllai Yhahd seebe fse@niosic dddaxhnch §0C iR addresalsl, pratietgr M ned
time sends said address to said address decoder, said address decoder

decodi ng @i I ' j i saj . rage array into
whi ch said- glto ggggglswlstloﬁh gna%%‘%sg%%mgg%%hﬁﬁ ‘?cgrfjr‘l?‘{’u%?c(g’rs%i{?%gtg ?BO%I aim 3,
wherein if saiq(_j%g nput datg is sent directly to said storage array, said

| ogi ¢ ci r CAMMINK 1oecamaBdidscadsrdd #i fime ddrt r Bibesagidaess dapl SOgssaivesdleess
to said address decoder. 5. The menory circuit according to claim1,

further cadprdssCol:2 Addeddsesme BN dewillcRuplthe atidresats a80nrty ddoder 80disai d
storage array, said address decoder receivi-ng an address associated with

sai g g nput; a ' rein i [epy! dat a i nt to
sai gsdat athlglg? Pé’i‘{,yms)dgﬂl ‘Eﬁfc%%ct%raglttﬁ‘g%&% Saa\;i/\;{saeas?glﬁ Fn%lc ngcgﬁ%%ggle Eo acsé’i g‘?’ed
‘"with said_input data to said address decoder until said third control '
signal i s ¥k capmaad degader Hhraceives the prsecompmng frpmeegntralies Gdicvgne o
claim1l, wherein said input data is sent directly to said storage array if
sai d wit @leqimmilidend afstidadve dulfyr 3naidete ddth beirkOmFRRGom tlscb6Rd wafy 2005
17 7. The nmenory circuit according to claim1l, wherein said input data is

sent 10 sal g 3l A ol BuftelS0 1 OB N BT o €52

conmand.

T13 to T17 and written to the array 10 in the address specified by decoder 86.

20 As illustrated in Figs. 3A and 3B, the amount of time required for this
sequence of commands to be performed in accordance with the present invention is

el pe I N . + -
approximately 77.5 nanoseconds. In a prior art. memory device in which every write



8. A nenory device conprising: an array of nenory cells for storing data; a
data buffer coupled to said array; a logic circuit coupled to said data
buffer and said array, a |latch coupl ed between said logic circuit and said
array and coupl ed between said data buffer and said array; wherein when a
wite command to wite input data to said array is receivedq sgdrahoB0cs
circuit, in response to a control signa sends said i nput data associ ated
with said wite command directly to said array or sends said input data to
said data buffer, said input data being |atched by said |atch before being
sent to sai 895‘1“?%&?‘5‘15 PORIcsa s gt ecqrionsumoudt reqiing approxibutdlpd009. The
menory device according to claim8, further conprising: a conmand decoder
coupl ed to sancketomdscrocidinplete. Thir @defa PModvd BE poseaich £pat r ol
signal to said logic circuit. 10. The nmenory device according to claim?9
wherein if pd -data is t ) nt to_said data buff sai d

control | er gtgfrl] s@%ﬁ%&éﬁrﬁﬂ&s‘?’gﬁa ¢ PEESERY W"E%%%H}ftﬁgc‘%rdjeqs?ngﬁi"?p
command decoder in response to said posted wite signal sending said
control sigW&ltcf asggithe erios gt a tised shvingstaf opprgmalehb2bhgandsed on
said posted wite signal. 11. The nenory device according to claim 10,
wher ei B sai tkaiegsd.ed wite signal is sent by said controller if said wite
command is followed by a read conmand. 12. The nenory device according to
claim 11, further conprising: 21 February 2005 18 a second logic circuit
coupled to said controller and said conmand decoder, said second | ogic
circuit receivin : i i j d.1 g.:fr i
controller; an a%g?@ggﬂ%ﬁ??ﬁ?ﬁg%ﬁgﬁe&gﬁgﬂégﬁﬁﬁggggﬁﬁgﬁ%gfgﬁQP%3§?§?3%%33an
addr ess decoder .coupled to saidaaggress,butfer and said array, wherein if
sai d i nput DSEEd NOtE oRca pe compgaraPasipefcradingdaithe Pagseat wiverien 15 Hustepdnse
to a second control signal fromsaid command decoder sends said address to

sai d addr esgermtiltyesr, 1 ®hih Bigl 4. 2ddompstddgfdrem ib BxdrBsRANSL: §yBtein !hbi}ihg control
signal sent fromsaid command decoder sends said address to said address

decoder, saj ec r cadin al ddr ess d activating a
portion of aiggf%qg%d‘ra%%ulﬂg’[ sglq\gmais g‘ﬁ[ %‘gfnég 9 gicgg?rg C\}ﬁ;}jﬁf‘eﬁ}.ﬂosﬁfmﬁgm ry
devici according to clajm 12, wherein if said input data is sent directly
to saltfl arr gmPeEryincldsiAcIOgY dedrsRerMittingssepsn o6 sgpifitanyamespndidst  of
signal .sends said address to said address decoder. 14. The nenory device
accor di ng t theldatais hdcessededering sptrdrionoiandcslapotes. Oshaoypéedl d@licatd dat a
buffer, and if said input data is sent to said data buffer, said data
buffer inr i i n sends _sal d_input
data to sai arrae i rd add AUR, CPAIERG RS iRl 7l e
conpri si ng: ?n address '‘decoder coupled to said controller and said array,
sai d addr es¥leRhosgernd selephonssyasmeddicecntassaemanedevisasihatean ytiligetthgat a
fromsaid controller, wherein if said input data is sent to said data

buf fer, saipresemtineddtésn.del ays sendi ng sai d address associated with said

i nput data to said address decoder until said signal is sent fromsaid
command decoder. 16. The nenory device according to claim 14, wherein said
signal from said command decoder is sent when input/output gates associ ated

Wi th ggid array ang pakoPEiRd s3&H; such as a computer system, for example, generally
comprises a central processing unit {CPU) 110, for example, a microprocessor, that
communicates with oné or more mput/output (I/0) devices 140, 150 cver a bus
176G, The cdmputcr system 100 also includes random access memory (RAM) 160,
and, in the case of a computer system may include peripheral devices such as a floppy

20 disk drive 120 and a compact disk {CD) ROM dirive 130 which also communicate

with CPU 110 over the bus 170. RAM 160 is preferably constructed as an



21 February 2005 19 17. DELETED 18. The nenory device according to claimS§,
further conprising: a plurality of input/output gates coupled between said
array and said latch. 19. The nenory devi ce according to claim8, wherein
said input data is sent directly to said array if said wite conmand is

foll owed by another wite command. 20. The nenory device according to claim
8, wherein said input data is sent to said data buffer if i i

command is followed by a read command. %% A nmenory system ﬁ%?%éﬁ%‘?o%
storage array for storing data, said datad being input to said storage array
i n r espongeragsatgd iiruis thaminelvdeatht daing foadsrdseiimgeeastiagtafd Whitom sai d
storage array in response to a read comand; and a data buffer coupled to

sai d stor agmmbfidpn SgdrdoddhandBhiiehs FEMRMEE dQuMl §ithBeclR) AI@S IO at ed
with a wite conmand; wherein said nenory systemincludes ‘circuitry for

I
det erm ni arper ¢ nd basis i.f input, data assqgi.ated with ite
conmmand iga% 5‘8"’51%'e5‘p’i“ﬁ3 %%fq}%a‘g?ga%ftf’é?tcgléaftﬁpée BEIAiO8 ﬁrlo W@ﬁ?‘&%?@&é’&e
array, said input data associated with said wite command is posted in said
dat a buf f ersipgle G dag. Eeivial@l fray lbovesDEAiM, GOIRAN G Oy SRAM eruhebdiar sai d
i nput data posted in said buffer is sent to said storage array when out put
dat a assoq’i@é 88r bRy Stk Iglggg),.s;gmg@_d is being output from said nmenory
system 21 February 2005 20 22° The nenory system according to claim 21
further conprising: an address buffer coupled to said storage array,
wherein an address associated with said input data posted in said data

buffer is stor hp._sald dress _buffer, until .said input ,dat. osted in
said buffer isqglenrjlgp f%flersrgc?gms Oéﬁrgﬁlé&&?f%?fnvfﬁt.tm?ﬁ’@"ﬁgﬁﬁ 9“%7&‘2?7? ccordi ng
to claim?2l, further conprising: a controller coupled to said storage
array, saiHogined arews; igsheuldibayndarseandl dws thess ard encorpladytdf thaimrentipnt dat a
to said storage array, wherein said controller delays sending said address

associ at ecuidi &8 ndats bk RpHéiddRbas Msitiag. AHEAbSk, dalaioRyffdtnmabht, @i d i nput
data posted in said buffer is sent to said storage array. 24. The nmenory

system acc i lal m 21 rei,n._sajd input data associated with said
wite con’rﬁga{%]1 ﬁgd%ﬁ(%? 88§§s‘faéldb? V\"{gi "0 d@éﬁélcgﬁfq‘%rﬁ??‘ %’ﬁc??ﬁbtrorv%?ﬂceo Girmand
follows said wite command. 25. The nenory system according to claim 21,
wherdi n saesest peantiey. Ascortinglyothsrinvesionisinggite beioosidt racos dimsted oy sai d
storage array and said data buffer, wherein said logic circuit, in response
to a cont rebk fisre@oivle, daeisiSors Buflis SHY limtdHebyadeasbEd SEHM dphesdd ki €
command to be posted in said data buffer before being sent to said storage
array or to said storage array W thout being posted in said data buffer.

15



26. A processing systemconprising: a processing unit; and a nenory device
connected to said processing unit, said nenory device conprising: an array
of menory cells for storing data; a data buffer coupled to said array;_a
logic circuit coupled to said data buffer and said array; 24rftebruany uary
2005 21 a latch coupl ed between said |%gic circuit and said array and
coupl ed between said data buffer and said array, said input data being

| at ched by said |atch before being sent to said array fromsaid | ogic
circuit or said data buffer wherein when a wite command to wite input
data to $didd™Fray is i ssued by said processing unit, said logic circuit,

in response t éMH% I ﬁﬁyggg jd input data associated wth sald
wite coghandqhﬁlectii tdﬁgapg(grray oﬁigends said input data to said data
buf fer. 27 daftre Iprfdous stoup b3d tlem AcToVXHIR) A0-ay avin 2B1d WheReTn sai d
menory devimeiiftyrt her conprises: a connand decoder coupled to said logic

circuit, Sg‘ sgommang, dceCPderr é—"l"x!v;f’ E‘é lré’éséé %a \?Jﬁéﬂ“ g logic
circuit. [ OCESSI] o cla s

conprr&rﬂi é%ﬁf 42% ?éﬁr ?ﬁPQ()%ﬁﬁ%F Q%ﬁﬁﬁd‘d@ﬂg%% t%a?%lﬁeﬁ%Fa
control | & Iéﬁﬁ@nﬁﬁf@fs FT fput®tata is to be sent from sai d Iogrc
circuit di refirahd QesHdbRréAYpIEA tis S 3 ded i bud f eui2%ndheapaocessi ng
e T g L Y e S R e g
command %e?ﬂdgl tosgﬁaé dlec %ﬁ] in rgsponse to sai dgposted wite

si gnal se\rirmrm}rsaﬂcbrcm:rct)llrmtgnaiatt@ azgetlaggd withusaidserdteont rol

si gnal beiawgnahased aresaieddst eshin | Tayse gmatcuBO, Fhidplogessi ng system
accor di ngitremclaiin 2% spdiedei to sl fi posteshvrsl es Syganhl sésdseadidly said
control | empde sRith Wit COfMentsd & foldongs Dyray repdsenasesgdid3l. The
processi NG AUSIRIPAGLOTSH M d: £1130 SO, arﬁdlrmeéaf&rmﬁp@t ngata second logic

Ic| rcuit cupl eq, to saighCcotiofdLr andy sal o gehqssai d second
ogi ¢ ci %Lgﬁ e;.%: Vfcf@ I‘%: 1t e@gr@f 2§ Géﬁtnfﬁied‘th
sai d IanJC:Lme W rOJ,tnp al.i.:eés eCO 1_533 t eéa (9“% ad §8 sai d

second | o iU ss buffer
and saldag:rrraé' W}l)ﬁi ]fngsu%e’ ﬂ}; %%ae % ? rr% gfer
Sai d I ogit ¥ R $iP5 re%n%% S s A
decoder ﬁﬂd% daia Rt @ @%@W%@ﬂﬁrer and sai d address buffer
in response to a third control signal sent from said conmand decoder sends
sai d address to said address decoder, said address decoder decoding said
address a@nd adtimendny Glyoril oﬁfpfﬂﬁr‘s%ﬂ%garray into which said data is
witten. 3 S I nif sad
put “dach, A A S S R R L R i i
responsecto sal d second control signal sends said address to said address
decoder. a logic circuit for receiving input data associated with a

write command, said logic circuit being coupled to said data

buffer and said storage array;

a command decoder coupled to said logic circuit, said
command decoder providing a first control signal to said
logic circuit; and

a controller coupled to said command decoder,

wherein said controller determines if input data will be
sent directly to said storage array or to said data buffer,
said controller providing a second contrel signal to said
command decoder, said command decoder in response to said
second control signal providing said first control signal to
said logic circuit, said first control signal being based on
gsaid second control signal, and saild logic circuit in
response to a first control signal sends said input data




33. The processing systemaccording to claim 27, wherein said commuand
decoder is coupled to said data buffer, and if said input data is sent_to
said data buffer, said data buffer in response to a si gnal21f'?‘%;?ﬂ-‘§&{%o 5
command decoder sends said input data 16 said array. 34. The processing
system according to claim 33, further conprising: an address decoder
coupled to said controller and said array, said address decoder receivVing
an address associated with said input data fromsaid controller, wherein if
said input, data is sent to said data buffer, said controller delays sending
sai d addrEgecdslshdateat i PRI FIHP AYatLRE s abip e sA@eRober unti |
sai d si gdid Hdafentbufisn sai d conmand decoder. 35. The processing system
according to claim 33, wherein said signal fromsaid command decoder is
sent when input/output gates associated with said array are not being used.
21 February 200f 28m6ry Ther puit essiongd yst '8 abzon dl ngfwoténi m 26,

wher ei n saintbxesinty: devi ce further conprises: a plurality of input/output
gates coupl ed be en said array and said latch. 37. T rocessi ng system
aecor di ndt ESG hOBLE A GRF ﬁu o 1 i oShenn foF eify Sebdsal d
array if SEHPRE i4°WHFmRAEIS FFPHNePBIC vt Fett vFFEeL Coite?l. 38. The
processi MPSART ARG Y-t S id JdFriheiaid e $ap8t data is sent to
sai d dat #dfrfalrlgrw; said wite command is followed by a read command. 39.
The pr oCessidngn, Wl SMARLO G L9 &) AN FOedbieg o Sy 2ai & PEQEESShAg Uni |
and said nenory device are I ntegrated on a single p. 40. A processing
syst em canpradimass algrates siouplad tto avaiic adddoeys sysf far canfesddd to said
processi rgrduide amatady enory system conprising: a storage array for storing
data, said data being jnput to id storage array, L n,respon to a.wgite
comand éfﬂ'lfrsedjrh é_t%@iﬂ&?‘é&_t&%ﬁe%ﬁf?%% S&7 GS%J[% %%téag?Vggefh ?%%%onse
to a readSCHRtANPIhd Tt HurFetPWipl e 3 0" B PRYEGe 8989, said
data buf figiomdiiibFAaBnandrieqofni HRrde a3l 2t SF t o St £t 2ACHRARNG;
wher ei n salffaermnd satdmddresridertieeuin rlyesmn%tf'e@n@niﬁ?r'élﬂ a per
command bamitsral signal deent absveizatd ewomerd wieeedevnaangald posted in
sai d dat praddterribiefat e et ngesdntsd 0l smldretoragesatrd ayddaadssai d i nput

dat a assadadds Wdadi daadinedd edeandean desodintg post @daddrsas daddt a buf f er

i f anot hefcoaride rep gl Ddh s S@idl adtRge capad. iddo Whechr saedsi ng
system ac@fiing o dah m 40, wherein said i nput data associated with said
wite command wi |l be 21 February 2005 24 posted in said data buffer if a
read command follows said wite command. 42. The processing system

accor ding, o Gﬂfé PeorNer 8 sal dod APty dat 2. Pshes, i gnsaédndaga buf fer
s sent g SALASIOTAS AL A phel AULPLY d3t4, AFSeEsalEd YebDy $abd:gead
Connandlf%gf%r]'f%ﬁr% iﬁrfggﬁg%ser%%ﬁg 1Y EM control signal sends
said address to said address decoder.

5. The memory circuit according to claim 1, further
comprising:

an address decoder coupled to said controller and said
storage array, said address decoder receiving an address
agsociated with said input data from said controller,

wherein if said input data is sent to said data buffer, said
controller delays sending said address associated with said

input data to said address decoder until said third control

gsignal is sent to said data buffer.

6. The memory circuit according to claim 1, wherein said
input data is sent directly to said storage array if said
write command is followed by another write command.




43. The processing system according to claim42, further conprising: an
address buffer coupled to said storage array, wherein an address associ at ed
with said input data posted in said data buffer is stored in said address
buffer until said input data posted in said buffer is seni2ithelyupty 2@ age
array. 44. The nenory system accordi ngi¥o claim42, further conprising: a
controller coupled to said storage array, said controller provi di ng an
address associated with said input data to said storage array, wherein said
controll er delays sending said address associated with said input data
posted in said data buffer until said input data posted in said buffer is

sent to said Stﬂ{@%rﬁéf Yoi A0 NE- S REBSST W SYS1RM AckREdEDg toigl aim
40, Wherfi é%l r{ ér)’t %o S@éfﬁr@é@ééa@ﬁ'ﬁéfrﬁfuééb@rwfi)ﬁ@rbéﬁﬁané | ogic
circuit co Voeasag gtlo sald data buffer, wherein said

| ogi c C|rcu ) |n res onse o a con signal, sends said input data

associated with said wite conmand to be posted in said data buffer before
being sent to sajd storage array or tp said storage array w thout being

posted i sai d datSBUFS etV 46  GHE processi ng system according to claim
40, wher e Satddy pFoaesrd g ¢l 1s afsle St olr teodyt system are integrated on a

single chip bruary 2005 25 47, A method for witing input data
associ at €t dﬂttah%%%‘gf W}ﬁ%{gdt‘? MY APEFF%y, said method conprising the
steps of ;3 reeRiVidirsaid dopleddd HSpQCAA LAdoWE £&r S@hd Maibeaeosymnd;
receiving a first control signal indicating said input data associated with

sai d write kedmtarrPuhkrd dodergriteitd phagiac et npd 8atd aZE8¥i at ed
with sai et |Q®Rﬂ(ﬁﬁrdmjlw¢\em e%@b%s@a‘t@ @afﬁelflﬁl%fﬂ sdhErarraygnal ; receiving

d d d h said
e RN 3@§ar% A %ﬂfagggegggg%; i o2 g
i t hout t7.ol |
uchout Thg S SIS e TY ggea e P
48. The MBI ST rfbl%c Béufrﬁﬁa u"f‘ﬁaeY %36 nprl

Tn al ing a
A i i we it S R QLU i R

cl ai m 48,saikrlateh foekere fexing opemihd-® 033 bhi HETR4I Hr AR F%léo?ﬁﬁﬁﬁﬂ i's

anot her WIH@Immmrmﬁl@asﬂ@Itareblh’bﬂelfurther conprises: providing said second
control signal and sending said input data to said array w thout posting
said input data. 50. The nethod according to claim48, wherein if said next
command fol | ow Nthes anehaory t@ecoreanccosd ing ead cbatmné, Sardhewt hod furt her
conpri sescomi;sﬁléﬂ@g said first control signal and posting said input data
associated with WI‘I te conﬁtﬁ S1. T e met hod, accord| ng iﬁo cl ai m 50,
wher ei n ?al‘?f"%r‘ﬂ ’Fnﬁo‘F ¢ e‘FO i 5291 C SEhHF Y ut . dat a
associ at €PN s%ﬁ‘oo T (R CHHYERS 'ér‘BJaf‘Fe‘-Hna nElOsf“?JiLfing °g4Fd i nput
data assosiz@@dEwith said wite cormand in said data buffer.

10. The memory device according to claim 9, wherein if
said input data is to be sent to said data buffer, said
controller sends a posted write signal to said command
decoder, said command decoder in response to said posted
write signal sending said control signal to said logic
circuit, said control signal being based on said posted
write signal.

11. The memory device according to claim 10, wherein said
posted write gignal is sent by said controller if said write
command is followed by a read command.

12. The memory device according to claim 11, further
comprising:




21 February 2005 26 52. The nethod according to claim51, further
conprising: determning a tinme period when input/output gates associ at ed
with said array are not being used; and sending said i npu2ldagkiuassdedat ed
with said wite command stored in saidiflata buffer to said array during
said time period. 53. The nethod according to claimb52, further conprising:
storing an address associated with said input data in an address buffer;
and sending said address to said array when said i nput data associated with
said wite command stored in said data buffer is sent to said array. 54.
The met hed sseovdilmpico ol zdud bxodrkeddro otmst | GHgro 51 oF | Aigd af@ B@dr ess
associ at esbmmarid shabdamutsatial eseaprad corgiol¢erqusthdreles Hying s@ndi ng sai d
addr ess fadiinesai dcaniiaid@rwitth ssaid arn@yt uldtid Sadnd sapdt data associ at ed
W th sal Gomddc leayarand stored in said data buffer is sent to said array.

55. The net hod, accor.di to clajm52, wherein said step of _sendin aid

i nput dat?d £&9BEsH e h %%ﬂ?aji iR %%’réra?ﬁc%?%?]e‘?ﬁ}cg SLF Gkt aglﬁ‘af fer to

sai d arr ay fagdhels CRRYASESSolFt ity Saidl ddpidsdaber fssoshat edidi th said

wite co in alatch. 56. The nethod according to claim55, wherein

said step of "sending said input data associated with said wite command

stored i whexednadtfa snifd einput statr aFs Setturtheta Ednpra Luf Eekdi fgidai d

| at ched ilwgitc datruid ayatespwserite al sectndadentrehysiandl wireinng sai d

i nput datemiidhtapmsad ateayddr mrrsds dsagad eaddvesd heo ned hddaddresdi ng to

cl ai m 47 buftteyre] marshih isd epidfe sensiffesain reapubneatiao assohiafied with said

wite corggid-d0 SirthBarda firddiesa LOMSmAasd dedddéebsendy 2008 27

sendi ng SRid-dA AP hd P U & tdedodiat & SSEPCAdd sk d8csakd array; and

Wi ting el hdiHts gl & ddits $alth ald @ d¢ oip SRl shBelon &8 sAi gekhedyf or

posti ng ':LQP#& mgﬁ@n asspel aled W th.pmite command, said nethod conprising
. deter

the steps o m ning a next command following said wite command; if
said next conmand is a read command, posting said input data associ ated

with said wite gommand, otherw se not_postin i d input .asseci at ed
with sai (cij?\Nr te cOmBAG "S5 ehal hy™ aacf%ogﬁ?r?é tat%%%%og?at‘g%é%g%ﬁ Jggi d wite
comand tstj"”éf{ ddtP D H3'  TARPS o%r]ﬁ%f Hgtci’ niﬁ’t R R A5 st At 2R Eh sai d
Wite conREHF T ddt LIRS 59, S FREPY %%B?‘afnﬁlgﬁa | ai m 58,
further oSt saigf addresy) o Wi AIIERTDHEERE R th said i nput data in
an address buffer; and sending said address to said array when said input
data associated with said wite command stored in said data buffer is sent
to said righory dfreaynersory Thev g haeceedordi g €b2Enal n S8hergiphepid
conpri si nopmrstrod idereieados essupbsdciat ealdi dat s apwf feput agdt 4 aazd
control | erjpwtndiata is sent to said data buffer, said data buffer in
response to a signal from gaid command decoder sends said

input data to said array.

15, The memory device according to claim 14, further
comprising:

an address decoder coupled to said controller and said
array, said address decoder receiving an address associated
with said input data from said controller,

wherein if said input data is sent to said data buffer, said
controller delays sending said address associated with said
input data to said address decoder until said signal is sent
from said command decoder.

16. The memory device according to claim 14, wherein said
signal from said command decoder is sent when input/output
gates associated with said array are not being used.



del ayi ng sending said address fromsaid controller to said nenory array
until said input data associated with said wite command stored in said
data buffer is sent to said nmenory array.
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on a per command basis if input data associated with a
write command is posted in said data buffer before
being sent to said storage array,

said input data associated with said write command is
posted in said data buffer if a read command follows
sald write command, and

wherein said input data posted in said buffer is sent
to said storage array when output data associated with
gsaid read command is being output from said memory

system
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compriging:
an address buffer coupled to said storage array, wherein an
address associated with said input data posted in said data
buffer is stored in said address buffer until said input
data posted in said buffer is sent to said storage array.

23. The memory system according to claim 21, further
comprising:

a controller coupled to said storage array, said controller
providing an address associated with said input data to said
storage array, wherein said controller delays sending said
address associated with said input data posted in said data
buffer until said input data posted in said buffer is sent
to said storage array.

24, The memory system according to claim 21, wherein said
input data associated with said write command is not posted
in said data buffer if another write command follows said
write command.

25. The memory system according to claim 21, wherein said
circuitry further comprises:

a logic circuit coupled to said storage array and said data
buffer,

wherein said logic circuit, in response to a contrel signal,
sends said input data associated with said write command to
be posted in said data buffer before being sent to said
storage array or to said storage array without being posted
in said data buffexr.

26. A processing system comprising:
a processing unit; and

a memory device connected to said processing unit, said
memory device comprising:

an array of memory cells for storing data;

a data buffer coupled to said array;

a logic circuit coupled to said data buffer and said
array; and
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in response to a control signal, sends said input data
associated with said write command directly to said array or
gsends said input data to said data buffer.

27. The processing system according to claim 26, wherein
said memory device further comprises:

a command decoder coupled to =aid logic circuit, said
command decoder providing said control signal teo said logic
circuilt.

28. The processing system according to claim 27, further
comprising:

a controller coupled to said command decoder, said memory
controller determining if said input data is to be sent from
said logic circuit directly to said array or to said data
buffer.

29, The processing system according to claim 28, wherein
if said input data is to be sent to said data buffer, said
controller sends a posted write signal to said command
decoder, said command decoder in response to said posted
write signal sending said control signal to said logic
circuit, said control signal being based on said posted
write signal.

30. The processing system according to claim 29, wherein
sald posted write signal is sent by said controller if said
write command is followed by a read command,

31. The processing system according to claim 30, further
comprising:

a second logic circuit coupled to said controller and said
command decoder, said second logic circuit receiving an
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pC"10% ug %&eln 1 (gélé%(gput datajfgégg%é)fé saild data buffer, said
logic circuit in response to a second control signal from
sald command decoder sends said address to saild address
buffer, and said address buffer in response to a third
control signal sent from said command decoder sends said
address to said address decoder, said address decoder
decoding said address and activating a portion of said array
into which said data is written.

32, The processing system according to claim 31, wherein
if said input data is sent directly to said array, said
gsecond logic circuit in response to said second control
signal sends said address to said address decoder.

33. The processing system according to claim 27, wherein
said command decoder is coupled to said data buffer, and if
said input data is sent to said data buffer, said data
buffer in response to a signal from said command decoder
sends said input data to said array.

34, The processging system according to claim 33, further
comprising:

an address decoder coupled to said controller and said
array, said address decoder receiving an address associated
with gaid input data from said contreoller,

wherein if said input data is sent to said data buffer, said
controller delays sending said address associated with said
input data to said address decoder until said signal is sent
from said command decoder.

35. The processing system according to claim 33, wherein
gaid signal from said command decoder is sent when
input/output gates associated with said array are not being
used.
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37. The processing system according to claim 26, wherein
said input data is sent directly to said array if said write
command is followed by another write command.

38. The processing system according to claim 26, wherein
said input data is sent to said data buffer if said write
command is followed by a read command.

39. The processing system according to claim 26, wherein
said processing unit and said memory device are integrated
on a gingle chip.

40. A processing system comprising:
a processging unit; and

a memory system connected to said processing unit, said
memory system comprising:

a storage array for storing data, said data being input
to said storage array in response to a write command
and said data being extracted from said storage array
in response to a read command; and

a data buffer coupled to said storage array, said data
buffer adapted to store input data associated with a
write command;

wherein said memory system includes circuitry for
determining on a per command basis if input data associated
with a write command is posted in said data buffer before
being sent to said storage array, and said input data
associated with said write command is not posted in said
data buffer if another write command follows said write
command.

41. The processing system according to claim 40, wherein
said input data associated with said write command will be
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10], " 10%@8'A Jinput0Uak o JodBteD U (3id MdtE0 M dr is sent to said
storage array when output data associated with said read
command is being output from said memory system.

43, The processing system according to claim 42, further
comprising:

an address buffer coupled to said storage array, wherein an
address associated with said input data posted in said data
buffer is stored in said address buffer until said input
data posted in said buffer is sent to said storage array.

44 . The memory system according to claim 42, further
comprising:

a controller coupled to said storage array, said controller
providing an address associated with said input data to said
storage array, wherein said controller delays sending said
address associated with said input data posted in said data
buffer until said input data posted in said buffer is sent
to said storage array.

45, The processing system according to c¢laim 40, wherein
said circuitry of said memory system further comprises:

a logic circuit coupled to said storage array and said data
buffer,

wherein said logic circuit, in response to a control signal,
sends said input data associated with said write command to
be posted in said data buffer before being sent to said
storage array or to said storage array without being posted
in said data buffer.

46. The processing system according to claim 40, wherein
said processing unit and said memory system are integrated
on a single chip.
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receiving said input data associated with said write
command ;

receiving a first control signal indicating said input data
associated with said write command should be posted;

posting said input data associated with said write command
in response to said first control signal;

receiving a second control signal indicating said input data
associated with said write command should not be posted;

sending said input data to said array without posting said
input data in response to said second control signal; and

latching said input data associated with said write command
in a latch.

48. The method according to claim 47, further comprising:

determining a next command following said write command.

49. The method according to claim 48, wherein if said next
command following said write command is another write
command, said method further comprises:

providing said second control signal and sending said input
data to said array without posting said input data.

50. The method according to claim 48, wherein if said next
command following said write command is a read command, said
method further comprises:

providing said first control signal and posting said input
data associated with said write command.

51. The method according to c¢laim 50, wherein said step of
posting further comprises:

sending said input data associated with said write command
to a data buffer; and

storing said input data associated with said write command
in said data buffer,
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10zj dE: / determining a time period when 1nput/output gates assoc1ated

with said array are not being used; and

sending said input data associated with said write command
stored in said data buffer to said array during said time
period.

53. The method according to claim 52, further comprising:

storing an address associated with said input data in an
address buffer; and

sending said address to said array when said input data
associated with said write command stored in said data
buffer is sent to said array.

54. The method according to claim 52, further comprising:

storing an address associated with said input data in a
controller; and

delaying sending said address from said controller to said
array until said input data associated with said write
command stored in said data buffer is sent to said array.

55. The method according to claim 52, wherein said step of
sending said input data associated with said write command
stored in said data buffer to said array further comprises:

latching said input data associated with said write command
in a latch.

56. The method according to claim 55, wherein said step of
sending said input data associated with said write command
stored in said data buffer to said array further comprises:

sending said latched input data to a gate associated with
gsaid array; and

writing said input data into said array from said gate.

57. The method according to claim 47, wherein said step of
sending said input data associated with said write command
to said array further comprises:
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58. A method for posting input data associated with a

write command, said method comprising the steps of:

determining a next command following said write command;

if said next command is a read command, posting said input
data associated with said write command, otherwise not
posting said input data associated with said write command;

sending said input data associated with said write command
to a data buffer; and

storing said input data associated with said write command
in said data buffer.

59. The method according to claim 58, further comprising:

storing an address associated with said input data in an
address buffer; and

sending said address to said array when said input data
agsociated with said write command stored in said data
buffer is sent to said memory array.

60. The method according to claim 58, further comprising:

storing an address associated with said input data in a
controller; and

delaying sending said address from said controller to said
memory array until said input data associated with said
write command stored in said data buffer is sent to said
memnory array.



