WO 2005/ 066967 PCTI US2004/ 043672 MNMETHOD AND APPARATUS FOR MULTI PLE ROW
CACHES PER BANK BACKGROUND [ 0001] Dynam c random access nenory ( DRAM
devi ces provide the benefits of higher storage densities and | ess power
consunpt i owoi2005m669pAIi son to ot her nenory technol ogi esECTH/HRDUN43G2 and nost
not ably, static random access nmenory (SRAM devices. However, these
benefits conme at the cost of incurring various delays in accessing the
menory cells nmaking up a DRAM devi ce, both at regular intervals, and in the
time periods imedi ately before and after each access to either read data
fromthe nenory cells or to wite data to the nenory cells. [0002] As is
well known to those skilled in the art, these nyriad delays arise fromthe
dynam c nature of the storage of data that gives DRAM devi ces their nane.
Each nmenory cell is nade up of transistors configured to function very mnuch
| i ke a capacitor that stores the binary O or 1 representlng a b|t of data
as a charge. TMETHOIhAND ABPARARESHOR MUL RG .
fewer transistors and | ess power than does a nmenory ceII of a SRAM devi ce,
maki ng possi bl e the higher densities and |ower power consunption of DRAM
devi ces. Ho ane capacitor-like configuration of transistors
| eaks the cﬁmm allowi ng the charge to decay over tinme, and
resulting in the need to carry out refresh operations to restore the charge
at regul ar al RA entirely
| oses its cﬂkﬁg]v ﬁ.ynmlC%?era({é@sggﬁ ﬁ%@ ?I)wﬁ‘géés 6ﬁ&$§€8§e§§pr esenting
the binary 0,pg 514?, sr%ra mcs‘%ﬁ@ gJ%JD&I ot H@é@?ﬁ%@m&ﬁ%’o{hwm the menory
u 0 be

cell, thereby r irl Su per ati arried out to restore

the charge rgats %?ft@&ﬂn’&%gﬁe@ n?fuﬂ%&)énc?m% ndtabl)24tatfAnddt hedeiHflemdry" L NET MOT €,

(SRAM) devices. However, these benefits comé at the cost of incurring various

delays in accessing the memory cells making up a DRAM device, both at regular
intervals, and in the time periods immediately before and after each access to either
read data from the memory cells or to write data to the memory cells.

[0002]  Asis well known to those skilled in the art, these myriad delays arise
from the dynamic nature of the storage of data that gives DRAM devices their name.
Each memory cell is made up of transistors configured to function very much like a
capacitor that stores the binary O or 1 representing a bit of data as a charge. This
capacitor-like confiéuration of transistors requires fewer transistors and less power
than does a memory cell of a SRAM device, making possible the higher densities and
lower power consumption of DRAM devices. However, this same capacitor-like
configuration of transistors leaks the charge over time, allowing the charge to decay
over time, and resulting in the need to carry out refresh operations to restore the
charge at regular intervals. This same capacitor-like configuration also entirely loses

its charge (i.e., literally discharges) when the charge representing the binary 0 or 1 is



due to the mnute anplitude and transitory |ifespan of the discharged
charges received fromthe nenory cells when the binary 0 or | values are
read, sense anplifiers are needed to both anplify and | atch the discharged
char ges reweiw@efssrm the nenory cells. This sanme nm nupEr/asgbd/d4sere al so
requires that the conductors carrying the discharged charges fromthe
menory cells to corresponding sense anplifiers be precharged to a voltage
| evel that will not nmask or overwhel mthe discharged charges such that the
sense anplifiers are prevented fromaccurately receiving and |atching the
binary 0 and 1 values read fromthe nenory cells. [0003] It is the refresh
operations to maintain the charge stored in each nenory cell, the
operations to restore charges lost in discharging for a read operation, and
the operations to precharge conductors for carrying the discharged charges,
as well as other nmintenance operations, that inpose the various del ays
that are sufi$adfeam te memoryeall thepsby seayirmg sHpsemieal PREERRS IObRLcarisd b del ays
have the effect of limting the rate at which data may be witten to or
read from Ditges@ethe ehargesapressmting thy hinapohprohibat Wasyue eadls Fyrtherewitor s have
made great strides in becom ng ever faster, conparatively little progress
has been nadige tathe minuissamplijuderand tgpsitopy lifesnsn ofhthe discharged dharashd writing data
to these capacitor-like nmenory cells. L)QOO4 Vari ous techni ques have been
devi sed to 'regeived frony the memarywglls vbpmthe binary{) orslyeabeps lgee iged sense ocessor s and
DRAM nenory devi ces, including the use of SRAM 2 WD 2005/ 066967
PCTI US2004/ Garglifiers artengededdo hethaaphiésandieich the dischaigadaharges veceived fierde t o
di fferent DRAM devi ces out of a grouping of mnultiple DRAM devi ces. However,
t he additi orthomeBAlvelie ihissameaningte mamplitide alse reghizesithatdbrecimidycterdds many nore
conponents (thereby increasing costs)

carrying the discharged charges from the memory cells to corresponding sense

amplifiers be precharged to a voltage level that will not mask or overwhelm the
discharged charges such that the sense amplifiers are prevented from accurately
receiving and latching the binary O and 1 values read from the memory cells.

[0003] It is the refresh operations to maintain the charge stored in each memory
cell, the operations to restore charges lost in discharging for a read operation, and the
operations to precharge conductors for carrying the discharged charges, as well as
other maintenance operations, that impose the various delays that are suffered as a
result of employing DRAM technology. These delays have the effect of limiting the
rate at which data may be written to or read from DRAM devices, and although
components such as processors have made great strides in becoming ever faster,
comparatively little progress has been made in increasing the rate of reading data
from and writing data to these capacitor-like inemory cells.

[0004]  Various techniques have been devised to "hide" this growing disparity in

speed between processors and DRAM memory devices, including the use of SRAM



and a consi derable increase in the anount of power used. Also, the
interleaving of accesses to nmultiple DRAM devi ces adds consi derabl e
conplexity and often a need for w der nmenory buses to a nenory system nade
up of DRAMwiewWoses9s7S0NEe ot her way of counteracting th t he
disparity in speed between processors and DRAM devi ces%‘tcﬁ{aqsg@g@?%nzot suffer
t hese drawbacks woul d be desirable. 3 WO 2005/ 066967 PCTI US2004/ 043672

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] The objects, features, and

advant ages of the present invention will be apparent to one skilled in the
art in view of the follow ng detailed descriptionin which: Figure 1 is a
bl ock di agram of an enbodi nent enpl oying a bl ock of nenory «cells. Figure 2
is a block diagram of an enbodi nent enpl oying a bank of nenory cells
arranged into nultiple blocks of nmenory cells. Figure 3 is a block diagram
of an enbodi nent enpl oying a menory system Figure 4 is a block diagram of
an enbodi nerdevisapdseprhes and intarleaning acsyssesomade tFﬂgfgﬂemt PRAM deyiteswutdfart of an
enbodi ment. Figure 6 is a flow chart of another enbodinent. 4 WO

2005/ 066967 Paoupig? omuitiple RAMETiaeY. FHyWFSCHRcRddidh pPOSRAM davicehiw f ol | owi ng
description, for purposes of explanation, nunmerous details are set forth in
order to proeicesa cadhe frequently addsrmanymiore goroponehte (therebyincreasing costs)

and a considerable increase in the amount of power used. Also, the interleaving of
accesses to multiple DRAM devices adds considerable complexity and often a need
for wider memory buses to a memory system made up of DRAM devices. Some
other way of counteracting the effects of the disparity in speed between processors

and DRAM devices that does not suffer these drawbacks would be desirable.



i nvention. However, it will be apparent to one skilled in the art that these
specific details are not required in order to practice the present

i nvention. [0007] Although the follow ng discussion centers on DRAM devi ces
in which NMHJ06H7| s are organi zed into one or nore twerRisiRIBienal arrays
of rows and colums, it will be understood by those skilled in the art that
the invention as hereinafter clainmed nmay be practiced in support of any
type of nenory device having nenory cells organized in any of a nunber of
ways, including interleaved banks, arrays of nore than two di nensions
(i.e., nore than two-part addresses), content-addressable, etc. Al so,

al though at least part of the follow ng discussion centers on nenory
devices within conputer systens, it will be understood by those skilled in
the art that the invention as hereinafter clainmed may be practiced in
connection wth other el ectronic devices having nenory devices. [0008]

Fi gure 1 i s BRIEFRESCGRIBHION OFKTHE BRAMWINGS one enbodi nent enpl oying a bl ock
of nmenory. Block of menory 100 is nade up, at least in part, of upper
subaray 110, upper isolator row 116, |ower subarray 120, |ower isolator row
126 and ser[Q@% mp! Thejabjectsoffatiegs, andjadyantages oftheprpsenbmventios Wllde a nultit ude
of blocks of nenory meking up an array of nenory within a nmepory device. In
turn, in vaPPEe tepmsodilledin the agin piey oidhedpllowiag detailededeserintiendbr e t han one
of such arrays 5 WD 2005/ 066967 PCT/ US20041043672 such that each of these
arrays becorf@ictbne of a multitude of banks within the menory device. (0009]
Bot h upper subarray 110 and | ower subarray 120 are nmade up of rows 112 and

122, respectivel o of TETRI% Gk e oI Bl 4 okl A2 2N

cells.
Figure 2 is a block diagram of an em;t)odiment employing a bank of memory
cells 'arranged into multiple blocks of memory cells. _
Figure 3 is a block diagram of an embpdiment employing a memory system.
Figure 4 is a block diagram of an embodiment employing a computer system.
Figure 5 is a flow chart of an embodiment.

Figure 6 is a flow chart of another embodiment.



of these nmenory cells stores a charge representing a single binary 0 or 1
bit value of data. Menory cells 113 of upper subarray 110 and nenory cells
123 of |lower subarray 120 make up a single one of many colums of nenory
cel | s spanWonpos/em9adss rows 112 of upper subarray 110 apdTrusy4sssdrof | ower
subarray 120. Each nenory cell within each colum of nenory cells in upper
subarray 110 are coupled to a common bit line for that colum in upper
subarray 110, such as bit line 114, and correspondi ngly, each nenory cel

wi thin each colum of nenory cells in lower subarray 120 are coupled to a
common bit [ine for that colum in | ower subarray 120, such as bit |ine 124.
Each bit line within upper subarray 110 (such as bit line 114) and each
corresponding bit line within | ower subarray 120 (such as bit line 124) are
both selectively coupled to a correspondi ng sense anplifier within sense

anplifier.row 130 ssuch as sense anplifier 133) while al so being kept
el ectrical | \BE S I h ot her by corresponding isolators within
i solator rows 116 and 126, respectively (such as isolators 118 and 128).

Furt her nor e, h of the sepnse, amplifiers of sense anplifier row 130 (such
as sense anﬂf)&%er Igglgf%}lgwg)&dg@ﬂqggg},ﬁorp@m%qs e¥RINAOBJMMELWS ndi ng i sol at or
(such as isolator 138) to a global 1/0 line (such _as tgl obal 1/0 line 164)
used to coufletls ggaetferth imordertp prryided tharpueh understandiag of the Presentwo 2005/ 066967
PCT/ US2004/ 043672 their counterparts in other blocks of nenory that also
make up the iBysoggn. gHoweven it wilkbe gppaent o encekiied i thg 2yt thaythasespeciisr t . [ 0010]
Each one of rows 112 and 122 is individually coupled to row address decoder
140 via a seistailapee nehrequired jgoder tpractice; the praserfiR¥entioRd | i nes 144, row

address decoder may select a single one of the rows out of rows 112 and 122
to be [0007] ~ Although the following discussion centers on DRAM devices in which

memory cells are organized into one or more two dimensional arrays of rows and
columns, it will be understood by those skilled in the art that the invention as
hereinafter claimed may be practiced in support of any type of memory device
having memory cells organized in any of a number of ways, including interleaved
banks, arrays of more than two dimensions (i.e., more than two-part addresses),
content-addressable, etc. Also, although at least part of the following discussion
centers on memory devices within computer systems, it will be understood by those
skilled in the art that the invention as hereinafter claimed may be practiced in
connection with other electronic devices having memory devices.

[0008]  Figure 1 is a simplified block diagram of one embodiment employing a
block of memory. Block of memory 100 is made up, at least in part, of upper
subarray 110, upper isolator row 116, lower subarray 120, lower isolator row 126
and sense amplifier row 130. Block of memory 100 is one of a multitude of blocks
of memory making up an array of memory within a memory device. In turn, in

various embodiments, such a memory device may have more than one of such arrays
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accessed. Isolators within upper isolator row 116, |ower isolator row 126
and sense anplifier row 130, such as isolators 118, 128 and 138,
respectively, are coupled via separate ones of isolator control lines 154
t o i sol at oW9p3/966967| ogi ¢ 150. Isolator control |ogic pePustveifisent es the
use of isolators within upper isolator row 116 and |ower isolator row 126
to selectively couple the sense anplifiers of row 130 to one or the other
of the bit lines for the colums of nenory cells within either upper
subarray 110 or | ower subarray 120 when a row of nenory cells in one or the
ot her of upper subarray 110 or |ower subarray 120 is selected through row
address decoder 140 to be accessed. At other tines, isolator control |ogic
coordi nates the use of isolators within upper isolator row 116 and | ower
isolator row 126 to isolate the sense anplifiers of row 130 from one or
both of the bit |ines of upper subarray 110 and | ower subarray 120 to
ensur e t hat sudxthatieaehcofdbesppmraysibecomesan oba mpliitydejof panks Within §ae” accessed row
is not altered when those bit lines are precharged in preparation for
accessi ng t anemosy Beyicer ow of nenory cells. Isolator control |ogic 150 al so
coordi nates the use of isolators that selectively couple the sense
anmpl i fiers d0009%nsBothnpper fubarray b10 a@dower subasray (180 ate made upjofieaws A2WD
2005/ 066967 PCTI US2004/ 043672 [0011] In some enbodi nents, both row address
decoder 140 aathd23, sespertivelycafmenadry celtsgsuch bS Mesnory delis i hbandcld3plapdesah st at us
| ogic 160. Status control logic 160 stores information concerning which one
row out of efthesy memory ctll9stonasia tiRRgd oprebentingasifigle rinaky @ br Hbit malwasf copi ed
into the sense anplifiers of sense anplifier row 130, thereby allow ng
coor di nat i onlatacMieaory téils 118 ef opper subarrayl t Hsand caspmty cells423 afitbwer sol at or
control logic 150 to make use of occasions when data froma specific row
subarray 120 make up a single one of many columns of memory cells spanning

across rows 112 of upper subarray 110 and rows 122 of lower subarray 120. Each
memory cell within each column of memory cells in upper subarray 110 are coupled
to a common bit line for that column in upper subarray 110, such as bit line 114, and
correspondingly, each memory cell within each column of memory cells in lower
subarray 120 are coupled to a common bit line for that column in lower subarray
120, such as bit line 124. Each bit line within upper subarray 110 (such as bit line
114) and each corresponding bit line within lower subarray 120 (such as bit line 124)
-are both selectively coupled to a corresponding sense amplifier within sense
amplifier row 130 (such as sense amplifier 133) while also being kept electrically
isolated from each other by corresponding isolators within isolator rows 116 and 126,
respectively (such as isolators 118 and 128). Furthermore, each of the sense
amplifiers of sense amplifier row 130 (such as sense amplifier 133) is selectively
coupled via a corresponding isolator (such as isolator 138) to a global I/O line (such

as global /0 line 164) used to couple together corresponding sense amplifiers with
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has been copied into the sense anplifiers of sense anplifier row 130 to
speed up accesses to that data. This coordi nation between the capabilities
of isolator control logic 150 to control various isolators, the

capabi | i t i w® mbs/eeok7addr ess decoder 140 to select and g@@hﬁghﬂﬁggﬂss to any
given row, and the capabilities of status control logic 160 to track what
data has been | atched by the sense anplifiers of sense anplifier row 130
may be enpl oyed to operate, and selectively isolate/couple the sense
anplifiers of sense amplifier row 130 in such a way as to allow the sense
anplifiers of sense anplifier row 130 to serve as a formof roww de cache
of data read from one of the rows of nenory cells within either upper
subarray 110 or | ower subarray 120. These various capabilities of row
address decoder 140, isolator control logic 150 and status logic 160 may
al so be enployed to attenpt to hide (and thereby, avoid incurring) tine
del ays i mpogst doynte sW@bie@lﬁﬁofaﬁexﬁorpﬂﬁcmd@ekd@méaﬁsy@fm@mor&r om whi ch
data has been copied to the sense anplifiers of sense anplifier row 130
whil e SIﬁubfaﬂﬁﬁuﬁkkoﬁhkﬁmnﬂgMﬁ@@ argper ati ons and/ or ot her operations
involving that data to occur. Wth each block of nenory (such as bl ock of

nmenory 100) [6018] MEHaeR okilofFowiOl PO/ 106 édiadividbdilyL2apRAt1Ob%baddresan ar r ay

within a nenory device having a row of sense anplifiers that is enployed in

such a mann@kgodar 140MG£a SEpARIONRY Wofll INRY 1440 THERIMOMSd lineCla, fjw mermory coul d
be provided with a formof roww de cache system of consi der abl e si ze.

[0012] In aaHFr@Brdiéch&ﬁHaagEQE&ta'sﬁx YR8 bEthe 8w dult 8o 12WaMd 173 i eI t her upper
subarray 110 or | ower array 120 is requested and where the contents of

that row arg.Lqk. ?éo[a%‘i'g%ltﬁﬂ)r ﬁﬁ&tlkd{atb%ﬁhﬁ@ WvkhistlatoPfow BXmaaeme! fiers of
sense anplifier row 130 (perhaps as indicated by status logic 160), row

address dec Qﬂﬁ)[lﬁ%@wai%bl 3Rk §SisAtors 118, 128 and 138, respectively, are coupled via
separate ones of isolator control lines 154 to isolator control logic 150. Isolator
control logic 150 coordinates the use of isolators within upper isolator row 116 and
lower isolator row 126 to selectively couple the sense amplifiers of row 130 to one or
the other of the bit lines for the columns of memory cells within either upper
subarray 110 or lower subarray 120 when a row of memory cells in one or the other
of upper subarray 110 or lower subarray 120 is selected through row address decoder
140 to be accessed. At other times, isolator control logic coordinates the use of
isolators within upper isolator row 116 and lower isolator row 126 to isolate the
sense amplifiers of row 130 from one or both of the bit lines of upper subarray 110
and lower subarray 120 to ensure that data latched within the sense amplifiers from
one accessed row is not altered when those bit lines are precharged in preparation for
accessing to another row of memory cells. Isolator control logic 150 also
coordinates the use of isolators that selectively couple the sense amplifiers of sense

amplifier row 130 to the global I/O lines.



appropriate one of word lines 144 to select the row within either upper
subarray 110 or |ower subarray 120 that is to be read. The nenory cells of
the selected row are thereby caused to discharge the charges held within

t hose nmenorWyoe®shesoen t her onto the bit lines coupling YRRAFs:GHRMAY 110 to
upper isolator row 116 (if the selected rowis wthin upper subarray 110),
or onto the bit lines coupling | ower subarray 120 to | ower isolator row 126
(if the selected rowis within | ower subarray 120). Al so, isolator control

| ogi ¢ 150 operates an appropriate one of isolator control lines 154 to
cause either the isolators within upper isolator row 116 or | ower isol ator
row 126 (again, depending on whether the selected rowis wthin upper
subarray 110 or | ower subarray 120) to couple the sense anplifiers of sense
anplifier row 130 to the bit lines onto which the charges fromthe nenory
cells of the selected row are discharged. During this tinme, the isolators
in the ot he[00ddk ofln sorhdrembadipents,ibsthiraw @ddressalacades 140 arlddsedatos mirak or row 126
are operated to isolate the sense anplifiers of sense anplifier row 130
from the bi flogi¢ fsarofurthin clupled to siates logicupPeStatms bemtrad yogid D60mtores WO
20051066967 PCTI US2004/ 043672 | ower subarray 120 is the subarray in which

t he sel ect ednfornatios corerdimgrwhiehl onaroorateof ditherarows d12iamb1225s theirbwy subj ect i ng
the sense anplifiers to the extra capacitive |oad of being coupled to bit
lines that diom which dateevat copiditinto thesehey anflifielseof sbise gaplifieraowtlBe, nenory
cells of the selected row The sense anplifiers of sense anplifier row 130
recei ve and theadhghullowingosriiakige tetwbay thetsefof cow hdiess@sgdgr M0ldnd of t he
selected row, thereby latching the data that was stored in the nenory cells
of the sel edéotflor’camtrol 1b£i6 150 RIma@nkd 6f octaBne whed dith frofed spe¢ific edves t he
appropriate one of isolator control lines 154 for the isolators within
sense anpl i fhagbeen @vpidBihts the Gensp hfaplificds Sfavnse agiplified to6r 30 speed up

accesses to that data. This coordination between the capabilities of isolator control
logic 150 to control various isolators, the capabilities of row address decoder 140 to
select and control access to any given row, and the capabilities of status control logic
160 t6 track what data has been latched by the sense amplifiers of sense amplifier
row 130 may be employed to operate, and selectively isolate/couple the sense
amplifiers of sense amplifier row 130 in such a way as to allow the sense amplifiers
of sense amplifier row 130 to serve as a form of row-wide cache of data read from
one of the rows of memory cells within either upper subarray 110 or lower subarray
120. These various capabilities of row address decoder 140, isolator control logic
150 and status logic 160 may also be employed to attempt to hide (and thereby, avoid
incurring) time delays imposed by such operations as a precharge to close a row from
which data has been copied to the sense amplifiers of sense amplifier row 130 while
simultaneously allowing read operations and/or other operations involving that data

to occur. With each block of memory (such as block of memory 100) that makes up



sense anplifier row 130 to corresponding global 1/O1lines, thereby all ow ng
the data latched in the sense anplifiers of sense anplifier row 130 to be
output by the nenory device. [0013] In a nmenory read operation where data
from a r owWe 2065/066¢47t her upper subarray 110 or | ower swoaUsS20048485672 S
requested and where the contents of that row are already currently |atched
within the sense anplifiers of sense anplifier row 130 (perhaps as
i ndi cated by status logic 160), the delay of waiting for data to be
transferred fromthe requested row across corresponding bit lines to the
sense anplifiers of sense anplifier row 130 can be entirely avoi ded.
| sol ator control logic 150 operates the appropriate one of isolator control
lines 154 to cause the isolators wthin sense anplifier row 130 to couple
the sense amplifiers of sense anplifier row 130 to corresponding global 1/0
lines, thereby allowing the data |atched in the sense anplifiers of sense
anmpl i fier rowwaBy widithemenpnideviey haviag arovoefiserie\amplifiers thap® endeyed66967
PCT/ US2004/ 043672 [0014] Furthernore, following a nenory read operation
wher e dat a iissndrpmennsy a linge memoryde virg\niavigg ownerevs Wocksaf niemeey eamid al r eady
been latched within the sense anplifiers of sense anplifier row 130 such
t hat dat a hake provided witlaa §frerof gowiwidecachesystemof/considenabdesizgiense anplifiers
before the data could be output by the nmenory device, the row jdst read nmay
be cl osed wi[0012] pr bchmemeryopat eperation wheneida@ fromea rovewtthingitherapperat i on, t he
bit lines used to transfer the contents of the nenory cells of that rowto
t he sense anpibafrayelld arigwdrsubamnly 2@ réquested imlsweheseths eomtens df thatrewvi a t he
i solators of either upper isolator row 116 or | ower isolator row 126
(dependi ng omrewbiedifeady dumently awhbd withinthexesst dmplifibss of sensé ampkifieypewat i on i s
Wi t hin upper subarray 110 or | ower

130 (perhaps as indicated by status logic 160), row address decoder 140 activates an

appropriate one of word lines 144 to select the row within either upper subarray 110
or lower subarray 120 that is to be read. The memory cells of the selected row are
thereby caused fo discharge the charges held within those memory cells either onto
the bit lines coupling upper subarray 110 to upper isolator row 116 (if the selected
row is within upper subarray 110), or onto the bit lines coupling lower subarray 120
to lower isolator row 126 (if the selected row is within lower subarray 120). Also,
isolator control logic 150 operates an appropriate one of isolator control lines 154 to ‘
cause either the isofat(;rs within upper isolator row 116 or lower isolator row 126
(again, depending on whether the selected row is within upper subarray 110 or lower
subarray 120) to couple the sense amplifiers of sense amplifier row 130 to the bit
lines onto which the charges from the memory celis of the selected row are
discharged. During this time, the isolators in the other one of either upper isolator
row 116 or lower isolator row 126 are operated to isolate the sense amplifiers of

sense amplifier row 130 from the bit lines of whichever one of upper subarray 110 or



subarray 120) so that the data | atched by those sense anplifiers is not

| ost. Taking advantage of this ability to carry out the precharging of the
bit lines coupled to a row fromwhich data was just copied (thereby closing
that row) Wo tees/eeegsses to that data fromthe sense agplphfsh@Rl/gasgRnt i nue to
t ake place and before another row within block of menory 100 is sel ected
for access (in other words, carrying out a preenptive precharge) nay be
deened desirable so that when a new row fromw thin block of nmenory 100 is
| ater selected, there will be no need to, wait for the precharge operation
to be carried out before the new row can be accessed. Such a situation
where the delay of a precharge operation nmust be incurred to close one row
before a new row can be accessed is comonly called a "page m ss" as a way
of referring to having the "wong” row still open when an access to a new
page is to be nmade. In other words, the use of isolators described, above,
pernmts at |lewgtsubaray 130 sahasuperrdylinWwhictObé sl 606 Tw RXOT0t Lig2Gd 41 onisiG 72
operations and operations to access data to occur in parallel, and thereby
af fords a wayavaid emnecebsarily subjéctigg thersensp agplifiirs © the ertrapepaditivedead dBy naki ng
use of such preenptive precharging, the |l esser delay fromactivating the
new r ow nmay beinggoepied tp bitlmesthmat arksotl wwedjoshe rawfer of thg clibegemyfranhtie nust be
incurred (a situation that is comonly called a "page enpty" as a way of
referring tandnney eellsaifnlg selected vav.sThe densecaypmpihifiers (00 £:hSq arhplifeen rex 83b| e nmenory
wite operation to a given row within upper subarray 110, where the given
row i s the atdeiverdnt yatcipthe discharget] chirgesfeork thefmentorg bellslof delselettedrowpry 100 is a
part and the contents of the given row have already been copied to the
sense anpl i ftheelsy Michinig thestansthatanas Istokddein theamenial® célizaif ihecseledied roms

Isolator control logic 150 further operates the appropriate one of isolator control lmeé
154 for the isolators within sense amplifier row 130 to couple the sense amplifiers of
sense amplifier row 130 to corresponding global I/O lines, thereby allowing the data
latched in the sense amplifiers of sense amplifier row 130 to be output by the
memory device.

[0013]  In a memory read operation where data from a row within either upper
subarray 110 or lower subarray 120 is requested and where the contents of that row
are already currently latched within the sense amplifiers of sense amplifier row 130
(perhaps as indicated by status logic 160), the delay of waiting for data to be
transferred from the requested row across corresponding bit lines to the sense
amplifiers of sense amplifier row 130 can be entirely avoided. Isolator control logic
150 operates the appropriate one of isolator control lines 154 to cause the isolators
within sense amplifier row 130 to couple the sense amplifiers of sense amplifier row
130 to corresponding global 1/O lines, thereby allowing the data latched in the sense

amplifiers of sense amplifier row 130 to be output by the memory device.
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perhaps indicated by status logic 160), the wite operation nmay be carried
out without being preceded by a row activate operation to open the given
row. |Isolator control 1ogic 150 nay operate the isolators within sense
anplifier Mn20d3@690 couple the sense anplifiers of sepggAMRLLIES row 130
to corresponding ones of global 1/0 lines 164 to |atch the data received
fromthe wite operation. Isolator control logic 150 my al so operate the

i solators within upper isolator row 116 to couple bit lines within upper
subarray 110 (such as bit line 114) to the sense anplifiers of sense
anplifier row 130, and row address decoder 140 nay operate the one word
line of word lines 144 that corresponds to the given row, to cause the data
received fromthe wite operation to also be witten to the nmenory cells of
the given row across those bit I|ines. Wiere data received fromthe wite
operation is also copied to the nenory 12 1' WD 2005/ 066967

PCT/ US2004/ @enddy2 Fuehérsaond, follosving amempryweadeaperatioh whsrebdniaigrdqaestdded by t he
sense anplifiers within sense anplifiers row 130, the contents of both

t hose nmenor frooed tow leavihgidonteets sleat bave natrdteady been lacledlodpitin thehersent wi t h each
other, as a result. In contrast, where data received fromthe wite

oper ati on i amplifierabfsensgmplifict cow 139 swelmhatydatehddto bé trhdwferepd\isom thaow, t he
contents of those menory cells and the contents of the sense anplifiers

Wi t hi n senseowfthbie sefiseramplifiefd befoasthe data beuld bé eiitpiiby the memdsy devizecont ent s of
those sense anplifiers are now nore up to date than the contents of those
menory cel | she B jas Yeudimgcheadidsed ohith alpyechirge bpegatione Diiging tHe'ppethttge Wit e
operation only in those sense anplifiers is that less tinme is required for
the data to dperatiém BRMbiSIRles isedwb trimsker tdvdaRns @R &R nidhindry el of thdbeow t 0 al so
store the data within those nenory cells, i.e., a

to the sense amplifiers may be isolated from those sense amplifiers via the isolators
of either upper isolator row 116 or lower isolator row 126 (depending on wheﬁxer the
row being closed by the precharge operation is within upper subarray 110 or lower
subarray 120) so that the data latched by those sense amplifiers is not lost. Taking
advantage of this ability to carry out the precharging of the bit lines coupled to a row
from which data was just copied (thereby closing that row) while accesses to that
data from the sense amplifiers continue to take place and before another row within
block of memory 100 is selected for access (in other words, carrying out a
preemptive precharge) may be deemed desirable so that when a new row from within
block of memory 100 is later selected, there will be no need to wait for the precharge
operation to be carried out before the new row can be accessed. Such a situation
where the delay of a precharge operation must be incurred to close one row before a
new row can be accessed is commonly called a "page miss" as a way of referring to
having the "wrong" row still open when an access to a new page is to be made. In

other words, the use of isolators described, above, permits at least some precharge
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formof "mni wite" operation with overall timngs shorter than required
for a wite operation that includes storing data within those nenory cells.
However a disadvantage arising fromstoring that data only in those sense
anpl i fi er swics2003:@6967he cache-like function perforned bycthQsBsys86HE
anplifiers means that those sense anplifiers can provide only tenporary
storage and that the nore up to date contents of those sense anplifiers
will eventually have to be copied fromthose sense anplifiers and into
those nenory cells to prevent the nore up to date contents of those sense
anplifiers frombeing lost. [0016] In other words, where data received from
a wite operation is stored only in the sense anplifiers within sense
anplifier row 130, and not also within the nenory cells of the row to which
the wite operation is directed, that data nay be 13 WO 2005/ 066967
PCT/ US2004/ 043672 descri bed as having been "posted" in the sense anplifiers
as wel |' asopssationg and dperationmitoantess deta tornscurdm paralighpandftherely affordsec one
describable as being "dirty" as a result of being nore up to date than the
cont ent s of wapt aveidonguring $amegfage mdssitiow pepaltigs. &y makdng wseiaf sudper at i on was
directed, and a "witeback"” operation will eventually have to be perforned
to copy t hepaemptivequerherging, thedtseat dalay fiiom achivating tiseneanyoivi maefrequentdyo t he
menory cells of the rowto which the wite operation was directed. In
contrast, wheoemesheclbngtat emamingadetdytka nfusthe iscicfed4a suuatien tppeisat i on and i s
stored within both sense anplifiers and nenory cells of the row to which
the wite openmbnl9ialied a "Pagecanpmyl, astahvay diedfervingto theseerign® rows stilher ency of
the contents of the sense anplifiers and the nmenory cells, a form of
"write-througdn). updating of those nmenory cells can be said to have taken
pl ace during the carrying out of the wite operation.

[0015] In an example memory write operation to a given row within upper

subarray 110, where the given row is the currently open row of the bank of which
block of memory 100 is a part and the contents of the given row have already been
copied to the sense amplifiers within sense amplifier row 130 (both conditions
perhaps indicated by status logic 160), the write operation may be carried out without
being preceded by a row activate operation to open the given row. Isolator control
logic 150 may operate the isolators within sense amplifier row 130 to couple the
sense amplifiers of sense amplifier row 130 to corresponding ones of global I/O lines
164 to latch the data received from the write operation. Isolator control logic 150
may also operate the isolators within upper isolator row 116 to couple bit lines within
upper subarray 110 (such as bit line 114) to the sense amplifiers of sense amplifier
row 130, and row address decoder 140 may operate the one word line of word lines
144 that corresponds to the given row, to cause the data received from the write
operation to also be written to the memory cells of the given row across those bit

lines. Where data received from the write operation is also copied to the memory
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[0017] In another exanple menory wite operation to a given row w thin upper
subarray 110, where the given rowis not the currently open row of the bank
of which block of nenory 100 is a part, but the contents of the given row
have al r ea¥¥0 We¥¥6696Gopi ed to the sense anplifiers wthi pcsassmeasspta fier row
130 (both conditions perhaps indicated by status logic 160), the wite
operation nmay be preceded with a mni row activate command. That mni row
activate cormmand may be used to change the setting of row address decoder
140 so that the given row will now be the open one, but w thout necessarily
preparing the nenory cells of the given row to be accessed, thereby
avoiding incurring the extra delay to allow such preparation of nenory
cells to take place. Isolator control logic 150 may operate the isolators 14
WD 2005/ 066967 PCT/ US2004/ 043672 w thin sense anplifier row 130 to couple
the sense anplifiers of sense anplifier row 130 to correspondi ng ones of

gl obal /0O I5eHeef thegiverrowy g well pebedng latchedchy the sense gaplifiees withinsensgper at i on.

| sol ator control logic 150 may al so operate the isolators w thin upper

i sol at or rovimplifiersgowdap the gantents of doththessimemepypeslls andthopeasensel 0 (such as bit
line 114) to the sense anplifiers of sense anplifier row 130, and row

addr ess decoueplifiersre kepy cahstenhwith eteh othes apresulti recopirasiovkere dates 144 t hat
corresponds to the given row, to cause the data received fromthe wite
oper ati on t oreedived fivam theiwrite operationhienotalso copied ol thememoryieellg pftbe givew acr oss
those bit lines, thereby maintai ning coherency between the contents of

t hose sense mwpthefcprtenss aftioselemoryreelisrapd thel doptentalof thersense amplifiersf a i ni
wite operation is carried out where the data received fromthe wite

oper ati on i withihe¢ensel amplifjerirow {l Bo sess wrie cokamgit Hecaise theredntants of thosehose nenory
cells, then the contents of those sense anplifiers becone dirty and a

wri t eback opsensetangplifiers ardupoye more up to date than the contents of those memory cells.

An advantage afforded by storing the data from the write operation only in those
sense amplifiers is that less time is required for the data to be stored solely within
those sense amplifiers than to also store the data within those memory cells, i.e., a
for;n of "mini write" operation with overall timings shorter than required for a write
operation that includes storing data within those memory cells. However a
disadvantage arising from storing that data only in those sense amplifiers is that the
cache-like function performed by those sense amplifiers means that those sense
amplifiers can provide only temporary storage and that the more up to date contents
of those sense amplifiers will eventually have to be copied from those sense
amplifiers and into those memory cells to prevent the more up to date contents of
those sense amplifiers from being lost.

[0016] In other words, where data received from a write operation is stored only
in the sense amplifiers within sense amplifier row 130, and not also within the

memory cells of the row to which the write operation is directed, that data may be
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menory cells will eventually be necessary to preserve the dirty contents.
(00181 In yet another exanple nmenory wite operation to a given row within
upper subarray 110, where the given rowis not the currently open row of the
bank of wwWatosieesk of menory 100 is a part, and the cegaiRRb4/3612he gi ven
row have not already been copied to the sense anplifiers within sense
anplifier row 130 (both conditions perhaps indicated by status | ogic 160),
the wite operation may be preceded with a row activate conmand. That row
activate command may be used both to change the setting of row address
decoder 140 so that the given roww |l now be the open one, and to prepare
the nmenory cells of the given row to be accessed. 15 WO 2005/ 066967

PCT/ US2004/ 043672 1solator control |logic 150 nay operate the isolators

Wi thin sense anplifier row 130 to couple the sense anplifiers of sense
anplifier row 130 to correspondi ng ones of global /O lines 164 to |atch the
dat a r ecei valdscribedras Hawingrbetre" popted il itlersense aaiplifiens as ool tas cdusingthec 150 nay al so
operate the isolators within upper isolator row 116 to couple bii |ines

W t hi n uppercofiteitaof thy sdrke ainplifidretoteoore despiibablecas beinf "Sietys es aweplli 6fi er row
130, and row address decoder 140 may operate the one word line of word |lines
144 that corbeigmore ap toddidbagthe @onté@yof thomemosecellb of tataw tewkiclvihd from t he
wite operation to also be witten to the nmenory cells of the given row

across t hoseyritk bperhtidieWasl diredied\and 8 Wi teBatkh o iy willdveRualBiliavelope 1 f a m ni

wite operation is carried _ out, then the contents of those sense
anplifiers QReoemtedtscbyy ®odirey cohtehts Pastdd withif HRlseAse alifibRsfo BRNOry cells
will eventually be necessary to preserve the dirty contents. [0019] For

wri t eback opfiradrly @8I dfhd®wad whichGhOwtiteWperatiteRaedirected! T8 Edntrast,
where such data is received from such a write operation and is stored within both
sense amplifiers and memory cells of the row to which the write operation is
directed, this behavior resulting in coherency of the contents of the sense amplifiers
and the memory cells, a form of "write-through" updating of those memory cells can
be said to have taken place during the carrying out of the write operation.
[0017] In another example memory write operation to a given row within upper
subarray 110, where the given row is not the currently open row of the bank of which
block of memory 100 is a part, but the contents of the given row have already been
copied to the sense amplifiers within sense amplifier row 130 (both conditions
perhaps indicated by status logic 160), the write operation may be preceded with a
mini row activate command. That mini row activate command may be used to
change the setting of row address decoder 140 so that the given row will now be the
open one, but without necessarily preparing the memory cells of the given row to be
accessed, thereby avoiding incurring the extra delay to allow such preparation of

memory cells to take place. Isolator control logic 150 may operate the isolators
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information pertaining to whether the contents of the sense amplifiers of
sense anplifier row 130 are dirty or not nust be maintained, and in sone
enbodi ments, that information nmay be naintained within status |ogic 160,
possi bl y alvwageisdesssi nf or mati on concer ni ng whi ch row fr graidb6lessseper
subarray 110 and |l ower subarray 120 has contents that have been copied into
the sense anplifiers of sense anplifier row 130. In sone enbodi nents, the
timng of when a witeback operation takes place nay be controlled by |ogic
wi thin the nenory device of which block of nenory 100 is a part, perhaps
based on an algorithmthat seeks to determ ne when 16 WO 2005/ 066967

PCT/ US2004/ 043672 bl ock of nmenory 100 will not be accessed for a period of
time long enough for the witeback operation to be carried out.
Alternatively, the occurrence of a witeback operation may be controll ed by
|l ogic external to the nenory device, such as a nenory controller.

Fur t her nor e, withintserza atplifi@rratvi 160 $o conple deecsesseanglifigrsiof sense amplifisradved by t he
need to renove dirty contents for one row fromthe sense anplifiers of
sense anpl i f 130 torconesp3dingonssloe globat ICEliies 16410l latth thesiavacdivdifonf the | at chi ng
the contents of another row. [0020] The provision of the isolators in sense
anpl i fier rowriledpetatios.elslator ¢entiol lopiaUish endyRsovpaate theigblaforewithiaf sense
anplifier row 130 to global I/Olines allows the sense anplifiers of sense

anplifier rowppkfolator Bsw il 8@iodobple bit Bkt Wil uspRf sbapandiGucids®dine! / O | i nes
while sense anplifiers within another block of nenory are coupled to the

gl obal 1/0 | 1130 theRéhse kinPRfiers bRsEHSY dmpliditerolvall30Naml rowtddiss dbesdr $4001Se
anplifiers onto the global I/Olines, or latch received data into those

sense anpl i f iy spéri@Mc iR wadll QBRb worPlihés1@3 thad borrebbéitRYS the@ieh Rew,t he dat a

| at ched within t%e sense amplifiers of
to cause the data received from the write operation to also be written to the memory
cells of the given row across those bit lines, thereby maintaining coherency between
the contents of those sense amplifiers and those memory cells. Alternatively, if a
mini write operation is carried out where the data received from the write operation
is stored only in those sense amplifiers and not in those memory cells, then the
contents of those sense amplifiers become dirty and a writeback operation to those
memory cells will eventually be necessary to preserve the dirty contents.
[0018] In yet another example memory write operation to a given row within
upper subarray 110, where the given row is not the currently o;;en row of the bank of
which block of memory 100 is a part, and the contents of the given row have not
already been copied to the sense amplifiers within sense amplifier row 130 (both
conditions perhaps indicated by status logic 166), the write operation may be
preceded with a row activate command. That row activate command may be used

both to change the setting of row address decoder 140 so that the given row will now

be the open one, and to prepare the memory cells of the given row to be accessed.
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sense anplifier row 130 to be lost. This use of isolators selectively
coupling the sense anplifiers in both block of nmenory 100 and in other

bl ocks of menory allows each block of nmenory to |atch a copy of the
contents ofW@HWSPERAnost recently read within each bl o®lcTafs2ememmsy2 i n a row
of sense anplifiers, thereby providing speedier access to that data for
being read and output by the nenory device. [0021] Al though the discussion
and depiction of bit lines in Figure 1 may suggest the use of only a single
bit line per colum of nenory cells, those skilled in 17 WO 2005/ 066967
PCTI US2004/ 043672 the art will readily recognize that this sane di scussion
and depiction of bit lines may also be applied to enbodi nents in which
pairs of bit Iines are enployed for columms of nmenory cells to support
differential signaling such that a bit of data and its conplinent are
transferred across pairs of bit lines between a nenory cell and other
conponent s. Isplaior centroblogierl80 maxroperate the iselniors withie sense amplifiesrow A30 tpeci fi c
depiction of nenory cells 113 and 123, bit lines 114 and 124, isolators 118
and 128, senwwpledhgpiense ammplifie® ofsehse swplifiesrovt 330 toraorresponding ougsiof depi cted in
Figure 1 to provide an exanple of an enbodi nent of an assenbl age of
conponent s nglkbal§/Quimea 164 togateh the dhtamecenfed ioorthewritk apieiationpfselatasubar ray 110
and | ower subarray 120 within block of nenory 100. This depiction of
conponent s ofon&roElogig| 160 amly alsn opdrate tick iselators widyn bgper solask revedll ©® suggest t hat
bl ock of nmenory 100 has only one colum, as any reasonable enbodi nent shall
have mul ti pl eouplel bintines wéthit upparsebarag,110 kethe xensp hiaplifiessefisehsegenplifiec onponent s
woul d be replicated many tinmes to provide a nultitude of colums. [0022]

Al t hough t herosh B3, asd row addesOdepodsr i1 dhmay ofidrate kheaine menbline df0tbrd éinéser s on

144 that corresponds to the given row, to cause the data received from the write
operation to also be written to the memory cells of the given row across those bit
lines in a write-through manner. Alten,latively, if a mini write operation is carried _
out, then the contents of those sense amplifiers become dirty and a writeback
operation to those memory cells will eventually be necessary to preserve the dirty
contents.

[0019] For writeback operations to be carried out when needed, current
information pertaining to whether the contents of the sense amplifiers of sense
amplifier row 130 are dirty or not must be maintained, and in some embodiments,
that information may be maintained within status logic 160, pbssibly alongside
information concerning which row from either upper subarray 110 and lower
subarray 120 has contents that have been copied into the sense amplifiers of sense
amplifier row 130. In some embodiments, the timing of when a writeback operation
takes place may be controlled by logic within the memory device of which block of

memory 100 is a part, perhaps based on an algorithm that seeks to determine when
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a configuration in which both an upper and | ower subarray are present, those
skilled in the art will readily recognize that various other possible
enbodi ments of a block of nenory nmay enploy only one subarray or nore than
two subarr aye 200606067 fOr the sake of clarity it Sh°“|d1Qﬁwﬁéahﬁk¥?P t hat
the use of the terms "upper” and "lower"” is done only in recognrtion of the
common practice anong those skilled in the art of wusing the terns "upper”
and "lower" to distinguish between two subarrays in 18 WO 2005/ 066967
PCT/ US2004/ 043672 di scussing i npl enentati ons of blocks of nenory in which
two subarrays are present. The terns "upper” and "l ower" should not be
taken as denoting any formof relative physical |ocation or orientation of
the two subarrays depicted in Figure 1. In other words, this use of the
terms "upper” and "lower" is meant to acconplish nothing nore than would the
use of terms such as "first" and "second"” in distinguishing between two
subarr ays. - [HRRESF mlefhot 1AW ROBSREReAIP BTN Sme BRELnch R R iy 110 may be
made up of a quantity of 256 of rows 112, "and | ower subarray 120 woul d be
made up of : | Ly Of iveld) aSHGd ' gquantity
awrll(t%%? bpdritidi 10 b @axﬂ&d g@)"’al%%émgby, uﬁ%g S,Sf %}e&acl@

of 32 of blocks o menory, suc menory make up each

bank of i | £.6: ' db d

of '8 such baRatdh By BEEHINEY ko cRithal (IEREREN, Efe BB P8 T P
readily rec i i i r it f barray,
subalrr)altys per % gﬁa@;uleﬁe%hg{fﬁ%%&:rﬁgoag#%@?&aggf&gﬁﬂgﬁ%n3ubanksyper

Teor Y devi GcltBRIDLANEH Dy GARARK e L A e gL 11t and scope

of the invention as Herelnafter n various possible

enbodi ngnt s ’an{plﬁf’lelisso? lsea}xtsg Qrﬁplwietr IP(I)VO 13610 1Hald 'HPA Jemeea{mﬂlﬂl\é’rs available for

latching the contents of another row.

[0020]  The provision of the isolators in sense amplifier row 130 to selectively
couple the sense amplifiers of sense amplifier row 130 to global I/O lines allows the
sense amplifiers of sense amplifier row 130 to be isolated from their corresponding
global I/O lines while sense amplifiers within another block of memory are coupled
to the global I/O lines, and either transmit data latched within those sense amplifiers -
onto the global I/O lines, or latch received data into those sense amplifiers from the
global I/O lines, all without causing the data latched within the sense amplifiers of
sense amplifier row 130 to be lost. This use of isolators selectively coupling the
sense amplifiers in both block of memory 100 and in other blocks of memory allows
each block of memory to latch a copy of the contents of the row most recently read
within each block of memory in a row of sense amplifiers, thereby providing
speedier access to that data for being read and output by the memory device.

[0021] Although the discussion and depiction of bit lines in Figure 1 may

suggest the use of only a single bit line per column of memory cells, those skilled in
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130, such as isolator 138, may be inplemented as | ogical OR gate devices.
However, as those skilled in the art will readily recognize, the various
isolators coupled to sense anplifiers within sense anplifier row 130 may be
i mpl emrent edVO M05/P6684Ty nunmber of possi bl e | ogical gate cipcTuist®40436mt her
electronic circuits without departing fromthe spirit and scope of the
invention as hereinafter clained. 19 WO 2005/ 066967 PCTI US2004/ 043672

[0025] Figure 2 is a sinplified block diagram of one enbodi nent enpl oying a
bank of nmenory. Bank 200 is a bank of nenory made up, at least in part, of
subarrays 210a-d with correspondi ng sense anplifiers 230a-d and isol ators
216a-d, isolators 238a-d, global 1/0 lines 264 and colum data nultipl exer
268. Bank 200 is one of a nultitude of banks of nenory maki ng up a nmenory
device. Those skilled in the art of the design of nenory devices wll
readily re(r:nc;gni ze that Figure 2 depicts one formof a relatively sinple
bank of mendheart wilkireadidit readgnigenlkat this sapmis difichssionaing depiglipnsofbitdinesimepi ch t he
exact arrangenent and configuration of conponents.nmay be reduced, augnented
or ot herw seals9tea@pplicdipembadimgatsn whioly pairsoibitilines arp employedifor solumas of t he
present invention as hereinafter clained. For exanple, although for the
sake of si np¥fimsmoyy ofllsdd suppossidifferenitiaksignating such thapa bitofidats aihivs ng only four
menory subarrays and each of those subarrays does not share a row of sense
anpl i fiers wioniplimeot dre rassfidycedragnosy padrs whkit bimgs ibetveedn amemiagyicall abyd othet wi | | be
readily wunderstood by those skilled in the art that other possible

enbodi nent s inposetits. 28180, toregsutzeclaritylét shpuldbe doted grat thg spenifiedepiotibn binks and/ or
the rows of isolators may be shared by two or nore subarrays. [0026]
Subarrays 2l@emdyaels Elcindri@diditiment 14amdd Ry, iscdatbis 148 gadil 28 denseit 0 r ows

amplifier 133 and isolator 138 are specifically depicted in Figure 1 to provide an
example of an embodiment of an assemblage of components making up a single
column of storage within upper subarray 110 and lower subarray 120 within block of
memory 100. This depiction of components of a single column should in no way be
construed to suggest that block of memory 100 has only one column, as any
reasonable embodiment shall have multiple columns, and therefore, the example
assemblage of components woﬁld be replicated many times to provide a multitude of
columns.

[0022]  Although the discussion and depiction of block of memory 100 centers on
a configuration in which both an upper and lower subarray are present, those skilled
in the art will readily recognize that various other possible embodiments of a block
of memory may employ only one subarray or more than two subarrays. Also, for the
sake of clarity it should be explained that the use of the terms "upper” and "lower" is
done only in recognition of the common practice among those skilled in the art of

using the terms "upper" and "lower" to distinguish between two subarrays in
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and colums. Each columm of nmenory cells in subarrays 210a-d is coupled to a
bit Iline for that colum, and each of these bit |ines may be sel ectively
coupled to correspondi ng ones of sense anplifiers 230a-d through
corr espondiW@205e69f | sol ators 216a-d. Furthernore, ea¢husbooseisse
anplifiers 230a-d is selectively coupled 20 WD 2005/ 066967 PCT/ US2004/ 043672
via correspondi ng ones of isolators 238a-d to correspondi ng ones of gl obal
I/Olines 264. In turn, sense anplifiers 230a-d are coupl ed t hrough the
conbi nati on of corresponding isolators 238a-d and global /O lines 264 to
colum data nultiplexer 268. Columm data multiplexer 268 is enployed to
sel ect which one or ones of global 1/OIlines 264 are selectively coupled to
ot her logic outside the nenory device of which bank 200 is a part to allow
data to be either output by or input to the selected ones of global /0
|l ines 264. [0027] Rows of rrermr)é cells within each of subarrays 210a-d are
i ndi vi dual | ydiscussinglimglegientatipnshf blosksofireemasyinadiiel teo snbawasraropesenbper at es
those word lines to select a single row within each of subarrays 210a-d to
be accessed. Thesmf'mr"zalldélodver'éﬂheuldmdi bei tafeea iab genoting hryiform of selativeor cont r ol
| ogi ¢ 250, which at various tinmes, operates isolators 216a-d to selectively
coupl e corr qﬂwsmlilchtlmmmmntasen@féhe tvosubdriays depi@ahindigeretlndniother | | nes of
correspondi ng ones of subarrays 210a-d. At other tines, isolator control
| ogi ¢ oper atweerds thds wse ofithederafs "upper'aandr"owet'tia meantdo 'a@ohmlish nethingespondi ng
ones of sense anplifiers 230a-d fromcorresponding bit lines for each
col um of nemoreyhagetdubd the tse of tams such asvfist"ahd Ssebond” Ay dis@dgiashihgnhen t hose bit
lines are precharged to ensure that data |latched within sense anplifiers
216a-d i s ndtetweehteo aubatrgysa precharge operation. Isolator control |ogic 250
al so operates isolators

[0023] In various possible embodiments, upper subarray 110 may be made up of

a quantity of 256 of rows 112, and lower subarray 120 would be made up of a
quantity of 256 of rows 122. In such embodiments, a quantity of 32 of blocks of
memory, such as block of memory 100, would make up each bank of memory in a
memory device, and the memory device would be made up of 8 such banks of
memory. However, as those skilled in the art will readily recognize, various
differing quantities of rows per subarray, subarrays per block of memory, blocks of
memory per bank, and banks per memory device may be employed without departing
from the spirit and scope of the invention as hereinafter claimed.

[0024] In various possible embodiments, the isolators within sense amplifier row
130, such as isolator 138, may be implemented as logical OR gate devices.
However, as those skilled in the art will readily recognize, the various isolators
coupled to sense amplifiers within sense amplifier row 130 may be implemented
with any number of possible logical gate circuits or other electronic circuits without

departing from the spirit and scope of the invention as hereinafter claimed.
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238a-d to selectively couple sense anplifiers 230a-d to correspondi ng ones
of global 1/0O1lines 264. 21 WD 2005/ 066967 PCTI US2004/ 043672 [0028] In
sonme enbodi nents, both row address decoder 240 and isolator control |logic
250 are furwOeesweupt ed to status |ogic 260. Status contp@dyd0@ieasea$0 St ores
i nformation concerning which rowin each of subarrays 210a-d is the row from
whi ch data was copied into correspondi ng ones of sense anplifiers 230a-d,

t hereby allow ng coordination between the use of row address decoder 240
and isolator <control logic 250 to nmake use of occasi ons when data from a
specific rowin each of subarrays 210a-d has been copied into sense
anplifiers 230a-d to speed up accesses to that data. This coordination

bet ween the capabilities of isolator control logic 250 to control various

i solators, the capabilities of row address decoder 240 to sel ect and

control access to any given row, and the capabilities of status control

| ogi ¢ 260 t ofooRslack Fiduaé 2 gkt imphfiedit6dk digpkaih 6flofe)entbddiment emplogiaganpl i fiers
230a-d may be enployed to operate, and selectively isolate/couple each of

sense anpl i f bikof ARARry Bdnk 2006 a Fank@y mefmofyomale upyataemshin@artsgnse anplifiers
230a-d to serve as a formof row w de cache of data read fromone of the

rows of menpgbaisys!2305M Whihtofesondihg séhsdahiplEiess 3DRA-ad isbikese 2 Ve d,0us
capabilities of row address decoder 240, isolator <control |ogic 250 and

status | 0gi Cisdfafbrd88adl, 18bAY/ (PRl 268 dnd Soldtht &P MultRDldxeiB6s( Bk 206 'R €by,
avoid incurring) tinme delays inposed by such operations as a precharge to

close a row pfk FDMARRAOLS BRASS A¥ford Wiind vplQfeniéty aBviedt Phos@skiligen copi ed
to a correspondi ng one of sense anplifiers 230a-d while sinmultaneously

gLLS‘r"". ”\G}W { ﬁaﬁuﬁggﬁgg&g gltéﬁsglﬁé}%é}ﬁor?tdéﬂées%ﬁ P RRogdRethi FigardeRat data to
depicts one form of a relatively simple bank of memory, and that alternate
embodiments are possible in which the exact arrangement and configuration of
components may be reduced, augmented or otherwise altered without departing from
the spirit and scope of the present invention as hereinafter claimed. For example,
although for the sake of simplicity of discussion, bank 200 is depicted as having only
four memory subarrays and each of those subarrays does not share a row of sense
amplifiers with another subarray (as was depicted in Figure 1), it will be readily
understood by those skilled in the art that other possible embodiments of bank 200
may be made up of differing numbers of banks and/or the rows of isolators may be
shared by two or more subarrays.
[0026] Subarrays 210a-d are each made up of memory cells organized into rows
and columns. Each column of memory cells in subarrays 210a-d is coupled to a bit
line for that column, and each of these bit lines may be selectively coupled to

corresponding ones of sense amplifiers 230a-d through corresponding ones of

isolators 216a-d. Furthermore, each of sense amplifiers 230a-d is selectively coupled
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of sense anplifiers (each corresponding to a single subarray, in the case of
bank 22 WD 2005/ 066967 PCT/ US2004/ 043672 200), a large nenory devi ce havi ng
mul ti pl e ones of bank 200 could be provided wth a formof row w de cache
system of Jungiogledsadsl e size. [0029] For exanple, in a nNggy eration
where data froma rowwithin subarray 210a is requested aﬁﬁuﬂﬁggggfhe
contents of that row are not already currently latched within the sense
anplifiers 230a (perhaps as indicated by status |ogic 260), row address
decoder 240 selects the desired row within subarray 210a. During this tineg,
i solator control |ogic 250 causes isolators 216a to couple sense anplifiers
230a to bit lines coupled to the nenory cells of the selected row The
menory cells of the selected row di scharge the charges stored within those
menory cells onto those bit lines. Sense anplifiers 230a receive and | atch
the di scharged charges fromthe nenory cells of the selected row, thereby

| at chi ng thﬁada&@Fbﬁ@ﬁngf Rblafof 38R dlth EorRIEPENiLdres oPlobdl #OSIRlesCt €d 1 ow.
| sol ator control [ogic 250 further causes isolators 238a to couple sense

anpl i fiers 280ankenHefRHAmpliiels!230£8 art®Buplbd @ &izh th@édnﬂﬂ\fiaa%n phe data | at ched

by sense anplifiers 230a to be transmtt'ed across global 1/0 Ilines 264 to

col U dat acgpdndl181a:885354 a6 HOPHS 964 8 col i A AukpRASM Lt ed 0

mul ti pl exer 268 is selected and output by the nenory device. [0030] Also for

exanpl e, i ”zék.mﬁrhxdﬁtﬁ%ﬂﬂﬁmé{efﬁéﬂg ehp R Ptol LItk Bn Qﬁ%srcﬁ%lobglloa wher e

the contents of that row are already curfrently |atched wthin~ sense

ampl i1 ers g0l 6/ R8SeARely Al B IS AT erAlevicklop del ay of

wai ting for ata to be transferred fro e requested row to sense

" §HAR EAPP H hl BHRE ol ol e bt 250
ones of global I/O lines 264.
[0027]  Rows of memory cells within each of subarrays 210a-d are individually
coupled via word lines to row address decoder 240, oberates those word lines to |
select a single row within each of subarrays 210a-d to be accessed. Isolators 216a-d
are individually coupled to isolator control logic 250, which at various times,
operates isolators 216a-d to selectively couple corresponding ones of sense
amplifiers 230a-d to the bit lines of corresponding ones of subarrays 210a-d. At
other times, isolator control logic operates one or more of isolators 216a-d to isolate
corresponding ones of sense amplifiers 230a-d from corresponding bit lines for each
column of memory cells within one or more of subarrays 210a-d when those bit lines
are precharged to ensure that data latched within sense amplifiers 216a-d is not
altered by a precharge operation. Isolator control logic 250 also operates isolators

238a-d to selectively couple sense amplifiers 230a-d to corresponding ones of global

I/O lines 264.
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23 WO 20051066967 PCT/ US2004/ 043672 230a to gl obal 110 lines 264, thereby
allowing the data |latched within sense anplifiers 230a to be transmtted
across global 1/0 lines 264 to colum data nmultiplexer 268, at which a
subset of tW@2WaNe&%T ansmitted to nultiplexer 268 is sa@aRespasssout put by
the nenory device. [0031] Furthernore, followi ng a nenory read operation
where, for exanple, data is requested froma row wthin subarray 210a that
had contents that hadn't not already been | atched by sense anplifiers 230a
such that data had to be transferred fromthat row to sense anplifiers 230a
before the data could be output by the nenory device of which bank 200 is a
part, the row just read may be closed with a precharge operation. During
the precharge operation, the bit lines used to transfer the contents of the
menory cells of that row to sense anplifiers 230a may be isolated from
those sense anplifiers via isolators 216a so that the data just |atched by
sense anpl i [0028]s 2hGamesmbodinicotst hothTroki adgreasidecnder@d0and tshiatorapritialt y t o
carry out a preenptive precharge of the bit |ines coupled to a row from
whi ch dat a wagicj206 aredunther dowiied te status dapss20d). tStatusentrdidbgicf260 stosense
anplifiers 230a continue to take place and before another row within
subarray 210afarmatien eeataruing ehicheowe siseach pf Hibanteys?dta-désthe adob oo avoi d
incurring the delay associated with a page m ss. Thus, precharge operations
and oper at i owkich dataoaesspidibih® cetrespatding dies of samse amplifiera?23iOatd, therebya possi bl e
instance of a page mss is converted into a page enpty. [0032] In an
exanpl e nmenosljowitig doerdipation betveer the asegofirew addresswletdden240iéririsalytor 210a wher e
the given rowis the currently open row of bank 200 and the contents of 24
control logic 250 to make use of occasions when data from a specific row in each of

subarrays 210a-d has been copied into sense amplifiers 230a-d to speed up accesses
to that data. This coordination between the capabilities of isolator control logic 250
to control various isolators, the capaBi]ities of row address decoder 240 to select and
control access to any given row, and the capabilities of status control logic 260 to
track what data has been latched by each of sense amplifiers 230a-d may be
employed to operate, and selectively isolate/couple each of sense amplifiers 230a-d
in such a way as to allow each of sense amplifiers 230a-d to serve as a form of row-
wide cache of data read from one of the rows of memory cells within each of

' subarrays 210a-d. These various capabilities of row address decoder 240, isolator
control logic 250 and status logic 260 may also be employed to attempt to hide (and
thereby, avoid incurring) time delays imposed by such operations as a precharge to
close a row in any one of subarrays 210a-d from which data has been copied to a
corresponding one of sense amplifiers 230a-d while simultaneously allowing read
operations and/or other operations involving that data to occur. With numerous sets

of sense amplifiers (each corresponding to a single subarray, in the case of bank
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WD 2005/ 066967 PCT/ US2004/ 043672 the given row have already been copied to
sense anplifiers 230a (both conditions perhaps indicated by status |ogic
260), the wite operation nmay be carried out without being preceded by a
row acti vaw® 9p#06a267on to open the given row. |sol ator eOMUSZN4/043e3i ¢ 250
may operate isolators 238a couple sense anplifiers 230a to correspondi ng
ones of global 110 lines 264 to latch the data received fromthe wite
operation. |Isolator control logic 250 may al so operate isolators 216a to
couple bit lines within subarray 210a to sense anplifiers 230a, and row
address decoder 240 may operate the word line that corresponds to the given
row, to cause the data received fromthe wite operation to also be witten
to the menory cells of the given row across those bit lines to maintain
coherency. In contrast, where data received fromthe wite operation is not
al so copied to the nmenory cells of the given row, the contents t hose

: . : s of

nmemory cel | s209h@ lange megmory dgvicehavigg ulti es pf bank 208 genld bapwvidsd e coher ent
and a witeback operation will eventually have to be carried out to copy the
contents of WitaEumefspy wide cachasystempficaasideraple:iizsy cel I's, but the overal |
timng of the wite_ operation may be reduced, providing an opportunity to
carry out a 99281 w Ferexappley inta raemety read peratiery whsre detp from giowgkithinnst ead.
[0033] In another exanple nennr% wite operation to a given row within
subarray 210wbegast 2 Orfisreguasied andwhers thewontenfs of that romtarg ngipdraadyow bank 200,
but the contents of the given row have al ready been copied to sense
ampl i fiers 2aoun{pladhed within the sense gmeplifiers230attietwpees indicedibyisatupgi ¢ 260) ,
the wite operation may be preceded with a mni row activate command. That
mni row act logigt260) aomraddiessaipcaditr 240 sgiegs gglesiad rPEWibEpobargudida.

During this time, isolator control logic 250 causes isolators 216a to couple sense

amplifiers 230a to bit lines coupled to the memory cells of the selected row. The

memory cells of the selected row discharge the charges stored within those memory

cells onto those bit lines. Sense amplifiers 230a receive and latch the discharged

charges from the memory cells of the selected row, thereby latching the data that was

stored in the.memory cells of the selected row. Isolator control logic 250 further

causes isolators 238a to couple sense amplifiers 230a to global I/O lines 264, thereby

allowing the data latched by sense amplifiers 230a to be transmitted across global I/O

lines 264 to column data multiplexer 268, at which a subset of the data transmitted to

multiplexer 268 is selected and output by the memory device.

[0030] Also for example, in a memory read operation from a row within subarray

210a where the contents of that row are already currently latched within sense

amplifiers 230a (perhaps as indicated by status logic 260), the delay of waiting for

data to be transferred from the requested row to sense amplifiers 230a can be entirely

avoided. Isolator control logic 250 operates isolators 238a to couple sense amplifiers
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be used to change the setting of row address decoder 240 so that the given
row will becone the open row, but w thout necessarily preparing the nenory
cells of the given row to be accessed, thereby avoiding incurring the extra
del ay to al'Y@#080¢M67 preparati on of nmenory cells to takequiesend/olzsed at or

| ogic 250 may operate isolators 238a to couple sense anplifiers 230a to
correspondi ng ones of global VOlines 264 to latch the data received from
the wite operation. Isolator control logic 250 nay also operate isolators
216a to couple bit lines within subarray 210a to the sense anplifiers 230a,
and row address decoder 240 may operate the word line that corresponds to
the given row, to cause the data received fromthe wite operation to al so
be witten to the nenory cells of the given row across those bit |ines,

t hereby mai ntaining coherency between the contents of sense anplifiers 230a
and those nenory cells. Alternatively, if a mni wite operation is carried
out where Fh?’z%@h%gﬁa‘fﬂbgﬁfés bED Ber g%uéM/iln ﬂaeQﬂ&ﬁQtEﬂ;é&% §én9{]ed only in
sense anplifiers a and not 1'n those nenory cells, then the contents of

sense armpl i {1 g2A080DRORRhilod oGBS o6 BRATKA OBALAR LAY o those

menory cells w eventually necessary to preserve t Irty contents of

sense anl i 11 g, 2309s [ Q0 | APl ABANGIBXAIR) BuTBIRGYSAL e operati on

to a given row I subarray he given row i s not the

currently Opeglle%@)f’g&{%@gﬁg@eomerﬁ?r&id&igg contents of the given row have not

al ready been ‘copre : e anp ers"230a (both conditions perhaps
Py BRI FafkfnaR Rl B YR BREGAHARN e R xlfgended vt 2
2005/ 006907 T&ld igg{q%?§4£é§,§%%ow Yitth duBarfa) 376t o 36tk thaPach Pher20Ar €55

decoder 240 so e given row w

already been latched by sense amplifiers 230a such that data had to be transferred
from that row to sense amplifiers 230a before the data could be output by the
memory device of which bank 200 is a part, the row just read may be closed with a
precharge operation. During the precharge operation, the bit lines used to transfer
the contents of the memory cells of that row to sense amplifiers 230a may be isolated
from those sense amplifiers via isolators 216a so that the data just latched by sense
amplifiers 216a is not lost. Taking advantage of this ability to carry out a preemptive
precharge of the bit lines coupled to a row from which data was just copied while
accesses to that data from sense amplifiers 230a continue to take place and before
another row within subarray 210a is selected for access may be deemed desirable to
avoid incurring the delay associated with a page miss. Thus, precharge operations
and operations to access data are able to occur in parallel, and a possible instance of a
page miss is converted into a page empty.

[0032]  In an example memory write operation to a given row within subarray

210a where the given row is the currently open row of bank 200 and the contents of
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becone the open row within bank 200, and to prepare the nenory cells of the
given row to be accessed. Isolator logic 250 may operate the isol ators 238a
to couple sense anplifiers 230a to correspondi ng ones of global 1/OIines
264 to | at WO 20p066%Ta received fromthe wite operati opctiistfbag2cont rol

| ogic 250 may al so operate isolators 216a to couple bit lines within
subarray 210a to sense anplifiers 230a, and row address decoder 240 may
operate the word line that corresponds to the given row, to cause the data
received fromthe wite operation to also be witten to the nmenory cells of
the given row across those bit lines in a wite-through manner.
Alternatively, if a mni wite operation is carried out such that the data
fromthe wite operation is not also stored in those nenory cells, then the
contents of those sense anplifiers beconme dirty and a witeback operation
to those nenory cells will eventually be necessary to preserve the dirty

contents. [0Q35] For i teba operat,ions to cal i ed out when needed,
Corront ™ i nf B eh S B cRR b oD SoiLs Hne Srl b 0n TR ongiiEE Beri 1) er s
230a-d are dir or.. n nust _be intai ned, and in sone .epbodi.gents, that
o or mati on R ddicEd by AR oG TRDr e VHSDeReR B BY CHEELRTBIOM ongsi de

i nformati on ¢cancerni.ng. which row fromeach of subarrays 210a-d fas contents
that have beEFIEBEFUET PHT E9W Ay RE OPSRRAMIR SRIdae BReLiane JSolfieT soriat o 230a- d.

I n some enbodi pent.s, the timn when a witeback operation takes place
o cont - eI ey aBtiele g4tk 358 AOubIASHHSY PRBRC SIS TSSRONR 205 1o a
part, perhaps based 1y algorithmthat seeks 27 2005/ 066967

PCTI Us2004 108768 pheiopd ULl aphie Rﬂﬁ@ﬂleg??ﬁ%%ewaé oyt uAe PSEFUGR- whi chever one
g;;;{)?ggaﬁ IsoToira conit Tngsk- 2300t Ao opeibis isalators 3164 o oapté Dit fned witsfis 2°X

subarray 210a to sense amplifiers 230a, and row address decoder 240 may operate

the word line that corresponds to the given row, to cause the data received from the
write operation to also be written to the memory cells of the given row across those
bit lines to maintain coherency. In contrast, where data received from the write
operation is not also copied to the memory cells of the given row, the contents of
those memory cells and the contents of sense amplifiers 230a cease to be coherent
and a writeback operation will eventually have to be carried out to copy the contents
of sense amplifiers 230a to those memory cells, but the overall timing of the write
operation may bé reduced, providing an opportunity to carry out a mini write
operation with shorter overall timings, instead.

[0033] In another example memory write operation to a given row within
subarray 210a where the given row is not the currently open row bank 200, but the
contents of the given row have already been copied to sense amplifiers 230a (both
conditions perhaps indicated by status logic 260), the write operation may be

preceded with a mini row activate command. That mini row activate command may
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of time |ong enough for the witeback operation to be carried out.
Alternatively, the occurrence of a witeback operation nmay be controlled by
|l ogic external to the nenory device, such as a nmenory controller.

Fur t her nor 8Y0 05/0@beIck operati ons may occasi onal ly be neceastkéodoedrdy the
need to renove dirty contents for one row fromone of sense anplifiers
230a-d to nake those sense anplifiers available for |latching the contents
of another row. [0036) Figure 3 is a sinplified block diagram of one

enbodi mrent enploying a nenory system Menory system 300 is nmade up, at

| east in part, of nenory controller 370 and nenory device 390 coupl ed
together via nmenory bus 380. Those skilled in the art of the design of
menory systens will readily recognize that Figure 3 depicts one formof a
relatively sinple nenory system and that alternate enbodinments are

possi ble in which the exact arrangenment and configuration of conponents may

pi 111 and’ sESIRel e B SREhY o Ry b teatieh Ao AR St PRt ror
A ) S B SN o300 S eRL e 0,25 BB, ore, T
the art Chat BREr testsssd Hetshu ifibe morting vy o2 JrL i o0 S “be. made up
of multiple nenory buses and/or devices, 28 ) 5/ 066967 .
PCT/ US2004/ 0 iop e’é@wow@ﬁ%ty e is@@tos};/f\gm?gﬁﬁaa| PERAFSUYALt i ons
Govi co. 300 t SR PARHM sei8t FEBL P I0R Stipnere B et P AT L9 LT of | o1
370. Specifi Clgltlclll Ml’e dgtrall reec)é}vgcrl E‘grln tlcljee V\\/fi'itceeopgr(a)\tlfgxl. %golator control logic 250 may also

operate isolators 216a to couple bit lines within subarray 210a to the sense amplifiers

230a, and row address decoder 240 may operate the word line that corresponds to the

given row, to cause the data received from the write operation to also be written to

the memory cells of the given row across those bit lines, thereby maintaining

coherency between the contents of sense amplifiers 230a and those memory cells.

Alternatively, if a mini write operation is carried out where the data received from

the write operation is stored only in sense amplifiers 230a and not in those memory

cells, then the contents of sense amplifiers 230a become dirty and a writeback

operation to those memory cells will eventually be necessary to preserve the dirty

contents of sense amplifiers 230a.

[0034] In yet another example memory write operation to a given row within

subarray 210a, where the given row is not the currently open row of bank 200, and

the contents of the given row have not already been copied to sense amplifiers 230a

(both conditions perhaps indicated by status logic 260), the write operation may be

preceded with a row activate command. That row activate command may be used
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to menory controller 370 issues conmmands to nmenory controller 370 to store
data wthin nmenory device 390, and to retrieve stored data from nenory
device 390. Menory controller 370 receives these commands and rel ays them
to menory oey2ms066830 in a format having timng and protyghl i ble
wi th nenory bus 380 and/or the conbination of control Iogléé%@@ﬁgﬁ% dat a
buffer 397 that nake up the interface between nenory device 390 and nenory
bus 380. In effect, nenory controller 370 coordi nates accesses nade to
menory cells within nenory device 390 in answer to read and wite commands
fromexternal devices, In support of these functions in various

enbodi nents, nenory controller 370 al so coordi nates vari ous mai nt enance
operations that nust be perforned to ensure that data stored within nmenory
device 390 is preserved, including the initiation of regular refresh
operations and/or the occurrence of precharge operations between accesses.

[ 0038] Menory bus 380 i s nmade of .varjou ntrol, address gnd data signal
lines coupli ﬁathtte)gl@ela%wem 9&58@911’6?% F°d§r7§f0a§9&hwlyencreweﬁ 390. The
exact quantity and characteristics of the various signal |ines making up
various possPefose Re/pRsa A pHdinank00 ayd mpgepwdﬁﬁaymsgv “nPl YaBRE to be

i nteroperable with any of . a nunber of possible nmenory interfaces, including
those meant TV ebecashssatd. dedatorlpgin 2R0,man opeye thedsolatprsd? $a l9EOTRI €SS npng t hem
bei ng DRAM devi ces such as 29 WD 2005/ 066967 PCTI 1JS2004/ 043672 FPM (f ast
page node) mamphijersdfactesorrespendinganssefstiobshl/q lings 364 tglaich hedatavraM  (vi deo
RAM), WRAM (w ndow RAM), SDR (single data rate) DRAM DDR (double data rate)
DRAM RANMBUSTegeivERRARM tae write qperatipne lsolateticanizat logic\gA@ may alseoperatey on vari ous

signal lines is nmeant to be coordinated with a clock signal, one or
isolators 216a to couple bit lines within subarray 210a to sense amplifiers 230a, and

row address decoder 240 may operate the word line that corresponds to the given
row, to cause the data received from the write operation to also be written to the
memory cells of the given row across those bit lines in a write-through manner.
Alternatively, if a mini write operation is carried out such that the data from the write
operation is not also stored in those memory cells, then the contents of those sense
amplifiers become dirty and a writeback operation to those memory cells will
eventually be necessary to preserve the dirty contents.

[0035] For writeback operations to be carried out when needed, current
information pertaining to whether the contents of sense amplifiers 230a-d are dirty or
not must be maintained, and in some embodiments, that information may be
maintained within status logic 260, possibly alongside information concerning which
row from each of subarrays 210a-d has contents that have been copied into
corresponding ones of sense amplifiers 230a-d. In some embodiments, the timing of
when a writeback operation takes place may be controlled by logic within the

memory device of which bank 200 is a part, perhaps based on an algorithm that seeks
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nore of the signal lines, perhaps the control signal |ines, serves to
transmt a clock signal between nenory controller 370 and nenory device
390. In sone enbodi nents, one or nore control signals and address signals
may be nul W@bkmseaosront o conmon signal |ines such that oeRifspifal s and
address signals are transmtted at different tinmes on common conductors for
carrying signals between nenory controller 370 and nenory device 390. Al so,
in sone enbodi nents, one or nore address signals and data signals may be
mul ti pl exed onto conmon signal lines. |In still other enbodi nents,
addresses, comands and/or data may be transmtted in packets. [0039] In
various enbodi nents, nmenory device 390 is a DRAM nenory device wth an
interface made up of control logic 391 and data buffer 397 configured to be
interoperable with nmenmory bus 380. In sone enbodi nents, nmenory device 390 is
a single integrated circuit. In other enbodinments, nmenory device 390 is
made up of nultiple integrated _circuits of a renovabl e megory. nodul e, such
as a SI MM (sit%@?tggm?enwl?%é’%ﬁﬁﬁgmpgw hesjer pug; of gphargays gﬁ’é‘dpl}aﬁapac kage),
DI MM (dual inline menpry nodule), etc. 30 WO 2,05/266967 PCT/ US2004/ 043672
[0040] The néfbRseding tp be Byt thiohel § WHIshIKOPIGROmWEL ngY Beipreassehios 2 pefiqd pl e
banks, such as banks 399a-399d,. with each bank being made up of multiple
subarrays, a®ftipglugspoyghder the waitsback pperatipn iy heycarried Sy Altsrpgtiyelydhe 1 and 2,
with the nenory cells wthin each subarray being organized into rows and
col urms. | n 96FHECBARS @i WritaRask opergtipn Ay besgiteollsd by logicexiamal i@ theeast sone
commands and addresses fromnmenory controller 370 through nenory bus 380,
and carries é@ﬂmogy]g@léceemﬁg@e{qq}:ngﬁoller. Furthermore, writeback operations

may occasionally be necessitated by the need to remove dirty contents for one row
from one of sense amplifiers 230a-d to make those sense amplifiers available for
latching the contents of another row.

[0036]  Figure 3 is a simplified block diagram of one embodiment employing a
memory system. Memory system 300 is made up, at least in part, of memory
controller 370 and memory device 390 coupled together via memory bus 380. Those
skilled in the art of the design of memory systems will readily recognize that Figure
3 depicts one form of a relatively simple memory system, and that alternate
embodiments are possible in which the exact arrangement and configuration of
components may be reduced, augmented or otherwise altered without departing from
the spirit and scope of the present invention as hereinafter claimed. For example,
although memory system 300 is depicted as having only one memory bus 380 and
only one memory device 390 for the sake of simplicity in the discussion that follows,
it will be readily understood by those skilled in the art that other possible
embodiments of memory system 300 may be made up of multiple memory buses

and/or devices.
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bank controllers 393a-d, colum address decoder 394 and/or bank sel ection

|l ogic 392 to access one or nore specific portions of one or nore of banks
399a-399d. Cenerally, to gain access to a nmenory cell within nmenory device
390, the aw@r206%066467 t hat nmenory cell is made up of threermsidgodsbat are
transmtted by nenory controller 370 to control logic 391 of nenory device
390 over nenory bus 380, nanely the bank, row and col um of the given
menory cell. At |east one of bank controllers 393a-d are provided by
control logic 391 with the row address and decode the row address to sel ect
t he appropriate subarray and row of a correspondi ng one of banks 399a-d.
Bank controllers 393a-d also control the isolators and/or sense anplifiers
wi thin the appropriate subarrays wi thin each of banks 399a-d to carry out
what ever form of access operation is being carried out on the appropriate
row of a given subarray In a manner not unlike what has been discussed

e of AL LMY eordroff 70 conedih B¢ RiBudtf obERE of %Bp?%%?rﬁimnéﬁofi' 'S

IIs to th to f litat f dat a bet
the merory 5&??”@9&%@#@@%%8%%%‘ o iy 4 2B RSt 36 B0/ 066567
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sel ectively Flé &nif%u#el%g%%g%%égﬁgﬁ@?;%e??egﬁjllc?@ma? %’gt?@gis%ﬁggggﬁgeépanpl ifiers
at other ti mes SO th 3i§ nsferr &Hgg 3gfta fromthe nmenory
cells to the 9’%‘8‘?‘%@’89@ % e’siilf%‘é O’W'P(I’f&ﬁ? LIS H2 t he sense
lif b t what ' h di d
W Eh ref or enctbfnsEnesy edosdln Br%eivérs{‘o?@#&t% s oo sense

anplifiers an | obal 1/0._lines | adln 0 1/0O sel ectjon
rrurrFti pl exer M%CW@M TREeEVES &’fﬂ ‘%91 %‘Eﬁ%’?vséﬁ%%’@f’mﬂ?v%upl ed to

ultimately

:;

390 in a format having timing and protocols compatible with memory bus 380 and/or
the combination of control logic 391 and data buffer 397 that make up the interface
between memory device 390 and memory bus 380. In effect, memory controller 370
coordinates accesses made to memory cells within memory device 390 in answer to
read and write commands from external devices. In support of these functions in
various embodiments, memory controller 370 also coordinates various maintenance
operations that must be performed to ensure that data stored within memory device
390 is preserved, including the initiation of regular refresh operations and/or the
occurrence of precharge operations between accesses.

[0038] Memory bus 380 is made up of various control, address and data signal
lines coupling together memory controller 370 and memory device 390. The exact
quantity and characteristics of the various signal lines making up various possible
embodiments of memory bus 380 may be configured to be interoperable with any of
a number of possible memory interfaces, including those meant to be compatible

with known types of memory devices, among them being DRAM devices such as

29



enable the transfer of data between nenory device 390 and nenory controller
370. At other tines, those isolators between the sense anplifiers and the
global 1/Olines are used to selectively isolate those sense anplifiers
fromthose W 8080663970 | i nes to avoid having data storeechussoasgsaplifiers
fromone subarray being |lost as sense anplifiers corresponding to another
subarray engage in a transfer of data across those sane global 1/0 |ines.
Bank selection logic 392 is provided by control logic 391 with the bank

sel ection portion of the address and directs the appropriate one of bank
controllers 393a-d to carry out the functions just described. Columm address
decoder 394 is provided by control logic 391 with the colum address
portion of the address indicating the appropriate colum(s) to be accessed,
and along with bank selection |ogic 393, colum address decoder operates
1/0 selection nmultiplexer 395 to select the appropriate colum(s). Data

buffer 397 | i r kRR/M er 370 and
UO sel ecti onﬁnﬂ@bﬁg’%&g}ﬁ?ﬁ&g‘%&%ﬁé% Eﬁg&?@%ﬁﬁg@gatggﬁﬁﬁggla@g{?n support of
vari ous dat a_ LI 2 / EH§%9 43672 [0041]
In sone e%o&%@@’n@o%%%%%fgggéggéggo?ggntro 9’?“3& c 391

mai nt ai ns bank st at us = oy 398a-d, respectjve

cor r espondi n@%ﬁle%ﬂtﬁﬁ?{@%gmw&vﬁcg ?%,en}%ﬁg\ﬂﬁl%hw i ous types
of information, _concerning the status of one_ or re rows of nenory cells
within each BEHiy" vgﬁl%éwﬂgwevsm%ww C%@Hatﬁl%ﬂcg’%\gflﬁ%“’tﬂ%%rs 379a- d
and/ or 398a-d stores an__indicatign of whjch rowin each sybarray of each
cor r espondi n&oshef the signal kuesgrrshapg theicoutre] sighal linssy serves te Farsmyt 15lodense
anplifiers coupI%p to that subarra cont ent f that row copied to

i.e.,
sense anpl i f F1éR% PEGFER BICE %H?lleéégéﬁda’? mory deY{ -t gome

embodiments, one or more control signals and address signals may be multiplexed
onto common signal lines such that control signals and address signals are
transmitted at different times on common conductors for carrying signals between
memory controller 370 and memory device 390. Also, in some embodiments, one or
more address signals and data signals may be multiplexed onto common signal lines.
In still other embodiments, addresses, commands and/or data may be transmitted in
packets.

[0039] In various embodiments, memory device 390 is a DRAM memory device
with an interface made up of control logic 391 and data buffer 397 configured to be
interoperable with memory bus 380. In some embodiments, memory device 390 is a
single integrated circuit. In other embodiments, memory device 390 is made up of
multiple integrated circuits of a removable memory module, such as a SIMM (single
inline memory module), SIPP (single inline pin package), DIMM (dual inline

memory module), etc.
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provi sion of both bank status buffers 379a-d and 398a-d may be perceived as
redundant, dependi ng on various characteristics of nmenory bus 380, including
timng, protocol, handshaking provisions, etc., it may be deened desirable
for both wemwosoeemntroller 370 and control |ogic 391 teceasiheiBisthai n a

| ocal indication of what rows are cached by sense anplifiers, etc. Menory
controller 370 and/or control logic 391 may rely on the contents of bank
status buffers 379a-d and/or 398a-d, respectively, to deternm ne which
commands and/ or operations are needed to retrieve a given piece of data,

i ncl udi ng whether data froma given row in one of banks 399a- d can sinply
be read fromwhere it is cached by sense anplifiers, or if additional

del ays must be incurred, such as delays to allowtime for precharge, row
activate, mni row activate, etc., before an access operation for data of a
given row may take place. 33 WO 2005/ 066967 PCTI US2004/ 043672 [0042] In
enbodi nent s e ry controller 370 does maintain data_  copcerning the
status of op@{ﬁ%]ows %Q%H‘e’é‘%ﬁé ofgnrmeny deNiee I9ET gropRediinte r‘?}’é@li’ﬁ ome form
of storage device, such as bank status buffers 379a-d, but control |ogic 391
does not hav8ch 8} Pankp der 39§ paitkeack papk hsing madg up oBgwkinle SUbMERYS A mor y
controller 370 may transmt differing variations of read, wite, row
activate, anefrisr dessrifed indstatyyidgegasd Y%@\‘B‘l"f%l@@ﬂ@ewé@@etn@?mﬁ?}’ eellfirectly
control the manner in_which various operations are carried out within
mermory devi c¥ithiggaghssuhargbeing opgspized iug wWspd caly@ps. Jn|sgmg egpodimgatss

i nformation bei n? mai ntai ned within nenory device 390. For exanple, there
may be diff ePeFEI lpgicSOb rreeiyes 4t deget sempsammandsand gddresses fsgm megBY v control | er

370 to instruct nenory device 390 to read data of a given row
controller 370 through memory bus 380, and carries out those commands through

bank controllers 393a-d, column address decoder 394 and/or bank selection logic 392
to access one or more specific portions of one or more of banks 399a-399d.
Generally, to gain access to a memory cell within memory device 390, the address of
that memory cell is made up of three parts that are transmitted by memory controller
370 to control logic 391 of memory device 390 over memory bus 380, namely the
bank, row and column of the given memory cell. At least one of bank controllers
393a-d are provided by control logic 391 with the row address and decode the row
address to select the appropriate subarray and row of a corresponding one of banks
399a-d. Bank controllers 393a-d also control the isolators and/or sense amplifiers
within the appropriate subarrays within each of banks 399a-d to carry out whatever
form of access operation is being carried out on the appropriate row of a given
subarray. In a manner not unlike what has been discussed with reference to Figures
1 and 2, isolators between rows of memory cells and rows of sense amplifiers are
used to selectively couple the memory cells to the sense amplifiers to facilitate the

transfer of data between the memory cells and sense amplifiers as part of carrying
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fromsense anplifiers instead of fromthe nenory cells of the given row,
directly, since nenory device 390 woul d | ack status infornmation needed to
determ ne that the data for the given row nay be avail able for quicker
access frowo80wmwemnpl i fiers. As another exanpl e, thergciy¥2080804dsART er ent
versions of row access command transmtted by nmenory controller 370 to
instruct nmenory device 390 to sinply change the setting of a row address
decoder such that data in specific sense anplifiers corresponding to a

gi ven row becones accessible for a reading and/or witing, instead of
actually activating the actual nmenory cells of the given row to nmake those
menory cells accessible for reading and/or witing. Furthernore, if control
logic 391 also does not maintain information pertaining to the contents of
sense anplifiers being dirty or not, then there nay be different versions
of wite command transmtted 34 WD 20051066967 PCT1US20041043672 by nenory
controller 370 to instr.uct nory. device 390 to wite data only to sense
anplifiers V\?“ctlar?ctqssdw&faﬁf’nso&’gﬁ%al ringised 19 SAISEUYEY 18QIAROSE 899 of a row
coupled to those s?nse amplifiers. There may, al so be an explicit witeback
conmand t r an@FNOW SAlLFORERRSF AR GPHTETS #PtRes tigpes &¢ thapthe B {iney  when
writeback operations occur to copy dirty caontents of sense applifiers to
memory cel | strastegmedhe date framthenmenory cglisp the 13glaters mayibs preshareed r ead oper ati on
toretrieve data froma _ row w thin bank 399a in various enbodinents, nenory
control | er 3VBhouhgata pered byithesepssamplifiers Seing lask 18 amangenplsornot ualtkg, £ or
information pertaining to bank 399a to _determne if a gli ven row to be read
in bank 399awha has besndiscussed widreferense tg Kigywes § and 2, atherisolatats beeher or not
the data of that rowis still cached wthin the sense anplifiers coupled to

t he subar r aythgfe :8nse agplikiersand global Q) lines feading plimately to 143 selection

multiplexer 395 to which those sense amplifiers are selectively coupled to ultimately
enable the transfer of data between memory device 390 and memory controller 370.
At other times, those isolators between the sense amplifiers and the global I/O lines
are used to selectively isolate those sense amplifiers from those global I/O lines to
avoid having data stored by sense amplifiers from one subarray being lost as sense
amplifiers corresponding to another subarray engage in a transfer of data across those
same global I/O lines. Bank selection logic 392 is provided by control logic 391
with the bank selection portion of the address and directs the appropriate one of bank
controllers 393a-d to carry out the functions just described. Column address decoder
394 is provided by control logic 391 with the column address portion of the address
indicating the appropriate column(s) to be accessed, and along with bank selection
logic 393, column address decoder operates I/O selection multiplexer 395 to select
the appropriate column(s). Data buffer 397 latches data being transferred between
memory controller 370 and I/O selection multiplexer 395 of memory device 390 as

needed in support of various data transfer timings.
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the given row is indeed the open row for bank 399a, and the data fromthe
given row is indeed cached within those sense anplifiers, then nenory
controller 370 may only need to transmt a read command to nmenory device
390 across werwsgedoers 380 to retrieve the data from thggqs@naRsRP! i fiers.
In sone enbodi nents, such a read command may be a "mini read” conmand with
overall shorter timngs than would be possible wwth a nore conventi onal
read command in which data is retrieved froma row of nenory cells,
directly, to take advantage of the conparatively shorter anount of tine
needed to read fromthose sense anplifiers. In enbodi nents where nenory
controller 370 transmts a read command w t hout a precedi ng precharge or row
activate command upon deternmining that the given rowis already open and
still 35 WD 2005/ 066967 PCTI US2004/ 043672 cached by sense anplifiers,
control logic 391 may check the contents of bank status buffer 398a to al so
determine if the given rowis _the open row within bank 399a and is still
cached by serd8M1dnp|Inspme embodimenimemory epntrelles3y0 god/ax ¢antraklogindPl t he gi ven
row is the open row and is cached, then control |ogic 391 nmay accept

recei vi ng on|njaigtaing bapk stagsrbafiars 3r0a-¢ é@dﬂort3t9§a-éam>e@tfvebhé0@¢89@w¥rrgdw directly
fromthe sense anplifiers in which the data has been cached, instead of
readi ng the d&ﬂ@%?@@f@@?ﬂﬁvtqﬁéw,ﬁ%WbﬂlVéféqqsé}’R% of inforgipti@n row, directly,
and menory device 390 would be able to supply that data to nenory

control | er 370N¢eHHBE theistaris pf orpsoranare mystof memorgedls withivfeaehbankit o t he shorter
timngs of a mni read command. [0044] However, if the given rowto be read
from bank 399¢preds Speeifically, eashane efstatysdruffisrs 3L d ard/omiPBadistoresamma from t he
given rowis still cached within the sense anplifiers coupled to the
subarray of vindiegiioneéwhicheew isach subarrpssefieach ¢pmgsponding gge of banks 399a-d

has been read and cached by sense amplifiers coupled to that subarray (i.e., contents
of that row copied to sense amplifiers coupled to that subarray). Although the
provision of both bank status buffers 379a-d and 398a-d may be perceived as
redundant, depending on various characteristics of memory bus 380, including
timing, protocol, handshaking provisions, etc., it may be deemed desirable for both
memory controller 370 and control logic 391 to each maintain a local indication of
what rows are cached by sense amplifiers, etc. Memory controller 370 and/or control
logic 391 may rely on the contents of bank status buffers 379a-d and/or 398a-d,
respectively, to deterfuine which commands and/or operations are needed to retrieve
a given piece of data, including whether data from a given row in one of banks 399a-
d can simply be read from where it is cached by sense amplifiers, or if additional
delays must be incurred, such as delays to allow time for precharge, row activate,
mini row activate, etc., before an access operation for data of a given row may take

place.
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enbodi nents, nenory controller 370 may further check the contents of bank
status buffer 379a to determ ne whet her another row within bank 399a is the
open row for bank 399a. In such enbodinments, if another rowis found to be
t he open r O PWE06686Ik 399a, then menory controller 370 reayus20@nesssri a
precharge command to close that row, before transmtting a row activate
command to open the given row. Alternatively, in other enbodi nents, the
fact that the data of the given rowis already cached within those sense
anplifiers may result in no check being nade as to whether or not another
row within bank 399a is open, because the fact of the data of the given row
bei ng cached in those sense anplifiers is seen to obviate the need to 36 WD
2005/ 066967 PCT/ US2004/ 043672 carry out a precharge command to cl ose

anot her row that m ght be open. In such other enbodi nents, nmenory
controller 370 may transmt a row activate command to open the given row

wi thout tr angida} | NG SBSAREAL et QIR cork B! b 36 Mfintctaher anot her row

wi t hi n bank a i s open, or not not precharge command is

transmtted t, ??1 Cﬁi’th@ &9&?8 eﬂ%&mg caghed p&)vsoxp%n PxfenBﬁ} devt 386 i in

transmtting actlva COITTTB.I’] t o open t e glverm row, neno

The. data necdae KPR Hohde BeHERRORRRI AR SERIR oLE R Bt kR, rei e ow
activate comggpqoesglr Fﬁ%g'c&ges gﬂ n%[be%g%%&ggﬁggbggggh ‘}B?%gle?lg]a,n row activate"

command wher eé’l ess me 1S e ui tweeh nsm ssi on of

LS | o 3ot ARk B ST dﬁ@%ﬁl SRl ERTTRRh, Wi e hidaueR e needed

data fromthose Sense a requ o ivere t he needed

data being refl] gorirglaxgtfs%n m‘é ? ry’ﬁ%(l}%e%%@@' (?reﬂlrecﬂ&qg%t%l\ﬁ%r}n{lﬁ\é{' m%hu%Ct ly. In

enbodi ments Whet & he Tenory con Ier ransm

.I

various operations are carried out within memory device 390 as a way to compensate
for such a lack of status information being maintained within memory device 390.
For example, there may be different versions of read command transmitted by
memory controller 370 to instruct memory device 390 to read data of a given row
from sense amplifiers instead of from the memory cells of the given row, directly,
since memory device 390 would lack status information needed to determine that the
data for the given row may be available for quicker access from sense amplifiers. As
another example, there may be different versions of row access command transmitted
by memory controller 370 to instruct memory device 390 to simply change the
setting of a row address decoder such that data in specific sense amplifiers
corresponding to a given row becomes accessible for a reading and/or writing,
instead of actually activating the actual memory cells of the given row to make those
memory cells accessible for reading and/or writing. Furthermore, if control logic
391 also does not maintain information pertaining to the contents of sense amplifiers

being dirty or not, then there may be different versions of write command transmitted
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row activate command foll owed by a read conmand wi t hout a preceding
precharge conmand upon determning that the given rowis still cached by
sense anplifiers though it is not the open row within bank 399a, control

| ogi c 391 M20e¥eeds7t he contents of bank status buffer pgP88200908550
determine if the given rowis the open row wthin bank 399a, whether it is
still cached by sense anplifiers and/or whether or not another row within
bank 399a is the open row. If control logic 391 deternm nes that the given
row is cached, but is not the open row, then control |ogic 391 may accept
receiving a row activate conmand to open the given row wi thout a preceding
37 WO 2005/ 066967 PCT/ US2004/ 043672 precharge conmand and take advant age of
the data of the given row being cached by altering the setting of a row
address decoder to enable access to the sense anplifiers caching that data,
perhaps conformng to the shorter timngs of a mni row activate conmand.
Control logi¢c 391 ma n ept _the read co d and.rea he data of the
gi ven row di Egg]f:{rgqryf%@h&%{éé@Poslgﬁglgprg%?ry%egfzeg%r}ﬂgfrggéat%fn?lyi%%?p% the data
directly fromthe nmenqpry cells. of,.the given row. 045] Alternatively, if
the dat & f 1 oRPPHETLTUBHonE R yalcitsoszed ot meritry (4l of st SRR 1 e &
coupl ed to the subarray..of ich th iven row is.a part, then in sone
enbodi nent s, WPV@H%F‘%@ }qgf’re%aﬁﬁﬁefﬁf”fm’@}tw&ﬁ@@gpf%h%tents of bank
status buffer 379a to determ ne whether. a row within bank 399a ot her than
the given r GARFRNGIRY BHROFY CORAIST > 104n RISy conto] WG RTPBOPRTENCSS i f

another rowis found to be the_open row for bank 399a, then nenory
control | er n8SFUF IOAPBHAFYLOBIeRE ﬂ‘fﬁeg%" m@g‘ﬁ“rﬁﬁﬂqﬂ@%}i ??iléof HE™-r ow.

Al ternativel et her or nat recharge is copmand is transmtted nmay
depend on V\h)éqqqgf op‘sr?Btexi‘rﬁﬁeiB YIDE AR %‘?3‘% °1?e§at¥°815?16°t‘i“?¥el5‘éta?%’§‘ bpen

row within bank 399a in various embodiments, memory controller 370 may check

the contents of bank status buffer 379a for information pertaining to bank 399a to
determine if a given row to be read in bank 399a is already the open row within bank
399a, and whether or not the data of that row is still cached within the sense
amplifiers coupled to the subarray within bank 399a of which that row is a part. If
the given row is indeed the open row for bank 399a, and the data from the given row
is indeed cached within those sense amplifiers, then memory controller 370 may only
need to transmit a read command to memory device 390 across memory bus 380 to
retrieve the data from those sense amplifiers. In some embodiments, such a read
command may be a "mini read" command with overall shorter timings than would be
possible with a more conventional read command in which data is retrieved from a
row of memory cells, directly, to take advantage of the comparatively shorter amount
of time needed to read from those sense amplifiers. In embodiments where memory
controller 370 transmits a read command without a preceding precharge or row

activate command upon determining that the given row is already open and still
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row for bank 399a is within a subarray that uses the same sense anplifiers
as would have to be used in reading the data fromthe given row. |If such a
conflict over the wuse of sense anplifiers by an open row and the given row
wer e foundW®208x96&967 a precharge command to close the @pgRisheoydg d be
required to close the open row and nmake those sense anplifiers avail able.
Whet her or not a precharge conmand is needed and/or transmtted in these
vari ous enbodi nents, reading the data stored in the given row would require
menory controller 370 to transmt a row activate 38 WO 2005/ 066967

PCT/ Q520041 043672 command to open the given row in bank 399a. After the
transm ssion of that row activate command and t he passage of a sufficient
period of time for the nmenory cells of the given rowto be nade ready for
readi ng, nenory controller 370 would transmt a read conmand causing the
menory cells of the given row to discharge the charges stored within those

menory cells onto bit I|n upl i cel sol ators that
flﬁrther ]E:oupf’@ F‘ﬁ D58 4R %Fféss f}*g"@%ﬁlgggﬁf?ﬁﬁﬁct& 5 %Pté %ﬁ%{k gﬁt%sch?[]ged .
charges fro ven. row are ched suc a e in e
rorory cel | s bAS éﬁ%a@.aéﬁ@r?e%wnﬁ eierap e pgen d Wl Bk PR Rt < i1
the data is,al 90 t contro 370 in response
to the read lscs&ﬁmb% Faist BN o rol e SO detGets by e Vst " ang
control |ogig¢ recel es th ow activate command wi t hout recedi ng
precharge co %H’eprr%‘?han (FBFIf Sc‘g?ﬂ‘?OBF?Ié?gl?ﬁ %lm%'f‘&CFE}Ireqeb"gﬁ‘g:‘”gbg may check
the contents of banks statu uffer 398a to_determ ne whether or not the
currently op&fd Fewna%a%dﬂéa@ﬁhegﬁap Wﬂ’d?nr%‘ihfﬁﬁhl’ fremythesensa 4Rlifiersc onmand has

been received share the sane serhee amplifiers. 1f this cgeck reveal s no

such conf | i cin Weichhedatahas beep sached, iastead ol rrading the slata diggrily em

memory cells of the given row, directly, and memory device 390 would be able to

supply that data to memory controller 370 more quickly, as a result, perhaps
conforming to the shorter timings of a mini read command.

[0044] However, if the given row to be read from bank 399a is not the open row
for bank 399a, but the data from the given row is still cached within the sense
amplifiers coupled to the subarray of which the given row is a part, then in some
embodiments, memory controller 370 may further check the contents of bank status
buffer 379a to determine whether another row within bank 399a is the open row for
bank 399a. In such embodiments, if another row is found to be the open row for
bank 399a, then memory controller 370 may transmit a precharge command to close
that row, before transmitting a row activate command to open the given row.
Alternatively, in other embodiments, the fact that the data of the given row is already
cached within those sense amplifiers may result in no check being made as to
whether or not another row within bank 399a is open, because the fact of the data of

the given row being cached in those sense amplifiers is seen to obviate the need to
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may accept the row activate command w t hout a precedi ng precharge conmand,
and nmay use status information within bank status buffer 398a indicating
that the given rowto be activated is not currently cached to determ ne

t hat the aWouabs/oeessory cells of the given row nust be peepas@Rsodsgnbe
accessed in response to the row activate command. Simlarly, control logic
39a may then use the sane status information indicating that the data
within the given rowis still not cached to determne that the 39 WD

2005/ 066967 PCTI US2004/ 043672 subsequent read operation for that row nust
be responded to by obtaining the data directly fromthe nmenory cells of the
given row, as described. [0046] In various enbodi nents, nenory controller
370 may carry out various operations, including precharge operations on
rows within one or nore of banks 399a-d between other operations to access
data. In various enbodi nents, nenory controller 370 may enpl oy one or nore
page closing algorithns that attenpt to _predict occasions in which a row
shoul d be pr &¥RpPUAPrerhaeeerpmand tg glose aether gy that might be apgRaltiych o be read
fromother rows. Regardless of the reason for the closing of a specific
row, the pro@thsrgpbedimenis memerscanioligs S0 mapiagsmits 1oy actyate RRmmAMOs of rows
of sense anplifiers (as discussed at considerabl e | ength, above) makes

possi bl e t hepekthe giverroy(Vithut pansanting a preelkarga ogmaangds regerdiepsPfbi t |1 nes t hat
transmt data between nenory cells and anplifiers while isolating those
sense anpl i f ivhethesanother rost wigkin Hanks399n éscpaniton pet. (YWisther oenefa psgebaigei ers i s not
lost as a result of the precharge operation, and thereby aiding in allow ng
such rows of cemmsad iggansnpifted o dlese grqtheysow thahmpebeepeapr netnaftere row of nenory
cells. Indeed, this preservation of data within rows of sense anplifiers
may wel | enaftaasmittingtie rowrfetvite eammag te gpaarthe gyeraropyagemeroennigller

370 transmits a read command to memory device 390 to retrieve the data needed
from those sense amplifiers. In some embodiments, the row activate command
preceding this read command might be a "mini row activate" command where less
time is required to pass between the transmission of this row activate command and
the read command that retrieves the needed data from those sense amplifiers than
would be required to were the needed data being retrieved from the memory cells of
the given row, directly. In embodiments where memory controller 370 transmits a
row activate command followed by a read command without a preceding precharge
command upon determining that the given row is still cached by sense amplifiers
though it is not the open row within bank 399a, control logic 391 may check the
contents of bank status buffer 398a to also determine if the given row is the open row
within bank 399a, whether it is still cached by sense amplifiers and/or whether or not
another row within bank 399a is the open row. If control logic 391 determines that
the given row is cached, but is not the open row, then control logic 391 may accept

receiving a row activate command to open the given row without a preceding
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algorithmin which each rowis immediately closed with a precharge operation
after its data is latched in a row of sense anplifiers. Were read
operations are concerned, this would result in every read operation to
retrieve dav@adsossper row t hat does not already have it $cgaisdotofs®d i N a
row of sense anplifiers (what mght be called a "cache mss") to result in
a page enpty condition where there the delay of awaiting a 40 WD 2005/ 066967
PCT/ US2004/ 043672 precharge operation to be carried out need not be
incurred before transmtting a row activate comrand to open anot her row for
access. Were such a policy of closing every row after reading (and perhaps,
also after witing) the rowis to be enployed, then in such enbodinents, a
read with auto precharge command and/or a wite with auto precharge command
may be enployed to gain the advantages of conbining the otherw se separate
read (or wite) and precharge comands into a single conmmand. Regardl ess of

whet her the pr har gi n 0 ¢l os bse uent to ac sing them
occurs as a PECOHEC J‘i""" |é¥?néﬁg§8ﬁhfﬂ Eht Pr‘?"}éggm% ﬁf’ By cat ed

ab
o

al gorithns, the | it carry, out, prechar erations on sQ r ows

wi t hi n banks “‘T%@a‘hﬁls%t}/ grﬂ%ﬁﬁ?v sdgcoggyosn %@ﬁeqséggxea?nsamhgeﬁs sense
anplifiers use cache ata om ot rows . provides, the opportunity to
carry out at 9 that fata, perhapg OWBE@%@OWW%@WF%“E&@RWound with
little or no delays incurred |n ca Qut ot her oper 00471 As an
exanmpl e of caFPF‘?}aﬂg Gemtrol logiq 394 é{‘ 8‘1"?‘{}8 readsemmegt gn ’f‘i’?‘gq’ﬁ Aven row

w thin bank 399a i n various enbodl ments, nmenory controller 370 may check
the contents dfhegiy rgwgpgglytf{ﬂq osexpgse af‘%ﬂhﬁPlﬁf‘Bftﬁ%th &rdperthedad ng to bank

399a to determne if the given rogw to be witten is already the open row
wi t hi n bank 39rggly from the memory cells of the given row.

[0045] Alternatively, if the data from the given row is not cached within the
sense amplifiers coupled to the subarray of which the given row is a part, then in
some embodiments, memory controller 370 may further check the contents-of bank
status buffer 379a to determine whether a row within bank 399a other than the given
row is the open row for bank 399a. In such embodiments, if another row is found to
be the open row for bank 399a, then memory controller may transmit a precharge
command to close that row. Alternatively, whether or not a precharge is command is
transmitted may depend on whether or not the other row that is found to be the open
row for bank 399a is within a subarray that uses the same sense amplifiers as would
have to be used in reading the data from the given row. If such a conflict over the
use of sense amplifiers by an open row and the given row were found to exist, a
precharge command to close the open row would be required to close the open row
and make those sense amplifiers available. Whether or not a precharge command is
needed and/or transmitted in these various embodiments, reading the data stored in

the given row would require memory controller 370 to transmit a row activate
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and whether or not the data currently in that rowis still cached within the
sense anplifiers coupled to the subarray within bank 399a of which that row
is apart. If the given rowis indeed the open row for bank 399a, and the
current datWwoReosKe@ére given row is indeed cached wi thi pdfA@S604R%RSE
anplifiers, then nmenory controller 41 WO 2005/066967 PCTI US2004/ 043672 370
may only need to transmt a wite conmand to nenory device 390 across
menory bus 380 to store data into those sense anplifiers. In sone
enbodi mrents, such a wite command may be a "mini wite" command with
overall shorter timngs than would be possible with a nore conventi onal
wite command by which data is witten into nenory cells (either in
addition to or instead of being witten into sense anplifiers), to take
advant age of the conparatively shorter anount of tinme needed to wite data
into those sense anplifiers. However, witing the data into those sense
anplifiers, only would result in the data stored in those sense anplifiers
beconi ng noremmgng o opsp ehergiven oW dn bpak 3995 Aftes the trapspissior ef that rowyr t her
resulting in the need to subsequently carry out a witeback operation to
copy the upddtiéateremanand aad thepawsagesd asulfigiepl peripd pktime forith Bemerysellsrenor y
cells, and this may necessitate the keeping of status information within
bank status 9hfhedives o tobhaadeieady forreading mpmerygontyolddr 37Aavouldont ent s of
t hose sense anplifiers. In such enbodi nents where nenory controller 370
transmts a wansmit g readeommand erysing thepregosyically opthe givgn gew by disabarsadhei vat e
command upon determ ni ng (t:énchecki ng bank status buffer 379a) that the
gi ven row i shagesstargd wpbin thosd memiory ceflsente bit bipessonplingtheseinemaryg cellsont r ol
| ogi c 391 may check the contents of bank status buffer 398a to al so
determine if tokselatprs/bat fughericouple thosgdrtlined o sendetapiptifirg whe®aba and is still
cached by sense anplifiers. If control logic 391 al so

discharged charges from the given row are latched such that the data stored within

the memory cells of the given row is transferred to the sense amplifiers while the
data is also by memory device 390 to memory controller 370 in response to the read
command. Where a row other than the given row is open, and control logic 391
receives the row activate command without a preceding precharge command from
memory controller 370, control logic 391 may check the contents of banks status
buffer 398a to determine whether or not the currently open row and the given row for
which the row activate command has been received share the same sense amplifiers.
If this check reveals no such conflict between these two rows, then control logic 391
may accept the row activate command without a preceding precharge command, and
may use status information within bank status buffer 398a indicating that the given
row to be activated is not currently cached to determine that the actual memory cells
of the given row must be prepared to be accessed in response to the row activate
command. Similarly, control logic 39a may then use the same status information

indicating that the data within the given row is still not cached to determine that the
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determ nes (as did nenory controller 370) that the given rowis the open row
and is cached, then control logic 391 may accept receiving only a wite
command and wite the data of the given row solely to the sense anplifiers
in which tiveodmbsasdhers been 42 WO 2005/ 066967 PCT/ US2004/de4365604/0%58551€d.
instead of also witing the data to the nenory cells of the given row, and
menory device 390 would be able to conplete the wite operation nore

qui ckly, though control logic 391 may al so record the resulting dirty
status of the contents of those sense anplifiers in banks status buffer
398a, in preparation for the carrying out of a subsequent witeback
operation. [0048] Alternatively, if the given rowto be witten to in bank
399a is not the open row for bank 399a (the given row may have al ready been
cl osed through a precharge operation), but the current data fromthe given
rowis still cached within the sense anplifiers coupled to the subarray of
which the given rowis_ a part, then in sone enbodi pents, nenory controller
370 may f urt hepsegyratiead peeratinmfenthat rgw myshie respondeddo by phtamingthe daty det er ni ne
whet her anot her row within bank 399a is the open _row for bank 399a. In such
enbodi nent s, girecthhEemdie mempry sellsrfthe givengew #eeymed.r ow for bank 399a, then
menory controller 370 may transmt a precharge command to close that row,
before transni®48lng 1 vagQpssaabogdimentse Bamemy oOREPlsh D MRARCIETH M, VaTipHs
Alternatively, in other enbodiments, the fact that the data of the given row
is already ceperiemsainchidinepresharse apgationnpn rowsayithinene or gaase of hagkno check

bei ng made as_to whether or not another row w thin bank 399a is open,
because the f9e-dbetwesn othgr epesations feacesss/data. 1p watinus ggibedisisals, MememMose sense
anplifiers is seen to obviate the need to carrai/ out a precharge command to
cl ose anot hercongoller AZQ may gmplol ©ng premore pagesilesipg algorithms that attempt to

predict occasions in which a row should be preemptively closed in anticipation of
data needing to be read from other rows. Regardless of the reason for the closing of
a specific row, the provision of isolators between memory cells and the inputs of
rows of sense amplifiers (as discussed at considerable length, above) makes possible
the carrying out of precharge operations affecting bit lines that transmit data between
memory cells and amplifiers while isolating those sense amplifiers such that data
stored within those sense amplifiers is not lost as a result of the precharge operation,
and thereby aiding in allowing such rows of sense amplifiers to act as a cache of an
entire row of memory cells. Indeed, this preservation of data within rows of sense
amplifiers may well enable memory controller 370 to employ a page closing
algorithm in which each row is immediately closed with a precharge operation after
its data is latched in a row of sense amplifiers. Where read operations are concerned,
this would result in every read operation to retrieve data from a row that does not
already have its data stored in a row of sense amplifiers (what might be called a

"cache miss") to result in a page empty condition where there the delay of awaiting a
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ot her enbodi nents, nenory controller 370 may transmt a row activate conmand
without first transmtting a precharge command, regardl ess of whet her

anot her row 43 WO 2005/ 066967 PCT/ US2004/ 043672 w thin bank 399a i s open,
or not. Red¥Q #0F8H9¢f whet her or not a precharge comuanedrastéodnsgrdited to
cl ose another row, after transmtting the row activate command to open the
given row, nenory controller 370 transmts a wite comand to nenory device
390 to store the data being witten into at | east those sense anplifiers.

I n sone enbodi nents, the row activate and wite commands may be a "mni row
activate" and a "mni wite" command to sinply nake those sense anplifiers
avail able for storing data and then to store the data of the wite operation
into those sense anplifiers in less tine than would be required to both
carry out a row activate command that would actually ready the nenory cells
of the given row to be witten and a wite conmand that woul d actually
wite the dat e | in

t hese enbodi r?ecﬁgrg%r%fom%?%?ﬁ%dgbﬁﬁ ro Inghg)eﬂ%gﬂ%?gﬁm %S&%m &l vat e
command follq a wiite hout edi pre harge command
pon det er mi A gi““‘f‘ﬂé"%" OB or sty éhagc“‘f’cg °£§@s1§ﬁp| i fiers
though it is not th ope an 399a ntrol 391 may check
chouah | ' el 0 gRe Ut b B0 B0 BT il glvon T ow
is the open row.w IS S ense

ool 111 ers artidP SiherRer H&Ptsn%&eh%“@?ﬁﬁi? el R LR open
row. If control C 391 ter controller 370) that
the given rof™ osprecggrgﬁgcgnm 9%%%%5%“&}%@0 a“ﬁ%&%@?ﬂ% ?‘8g| c 391

may accept iving a | ow ct| e sogmm nd to open the |venr w W t hout a
precedi ng pr é)@ﬁ ge &fﬁeﬁi (%rwn}é?andpre arge comman(Ps iNto a Single cotinand:

Regardless of whether the precharging of rows to close them subsequent to accessing
them occurs as a result of a prediction algorithm or other less sophisticated
algorithms, the ability to carry out precharge operations on some rows within banks
399a-d of memory device 390 without loss of data in sense amplifiers used to cache
data from other rows provides the opportunity to carry out at least some of such
precharge operations in the background with little or no delays incurred in carrying
out other operations.

[0047]  As an example of carrying out a write operation to store data into a given
row within bank'399a in various embodiments, memory controller 370 may check
the contents of bank status buffer 379a for information pertaining to bank 399a to
determine if the given row to be written is already the open row within bank 399a,
and whether or not the data currently in that row is still cached within the sense
amplifiers coupled to the subarray within bank 399a of which that row is a part. If
the given row is indeed the open row for bank 399a, and the current data from the

given row is indeed cached within those sense amplifiers, then memory controller
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and take advantage of the data of the given row being cached by sinply
altering the 44 WD 2005/ 066967 PCT/ US2004/ 043672 setting of a row address
decoder to enable access to the sense anplifiers caching that data, perhaps
conf or m ng W@200%ies63d1ort er tim ngs of a mni row acti vat eceaspmadssgr2Cont r ol

| ogic 391 may then accept the wite command and wite the data solely into
those sense anplifiers, without also witing that data into the nenory cells
of the given row, perhaps conformng to the shorter timngs of a mni wite
command. However, as previously noted, where a mni wite command is
carried out such that those sense anplifiers store data that is nore up to
date than the data of the given row, then information pertaining to this
resulting dirty status of those sense anplifiers may be recorded in bank
status buffers 379a and/or 398a. [0049] The provision of isolators between
sense anplifiers and global 1/Olines wused for transmtting data fromthose

lifi ' /0O
el oot on mui’ty B Puf ARG AR A5 e oGl en SR AG e SBHER0RY 4 i bi 111y
in the oper atlﬁé%@orgguss%q Stof5 ariXtoqﬁéls' Séhise %@%e&é.clﬁlshﬁﬁe eltngg it r?tg, to rigidly
adhere to the'req PFement “oF & way's CF 0% ng ‘any open row w t hi n'a bank
bef . h. oL ‘ . b
Frequent |y Pt BtetEpild sl 8acd i St oot PRARL e BRUAEBERE 02 . ey
rowto be aCC‘tﬁss‘%{lld gé) géssigpetwi haarrn retcggveﬁé‘&%l R SC%m%?lhlb WoHich dafh i€ blrock of
one or nore subarrays as another row that 1s _51rea y open, the ‘new row may
be opgned W tV\b Otyé[n iht0 Aitnlo ngellts §ﬂ1e1d 1 la?a/itigri tovb@il{steg&’ of Q{mné ‘;}ﬁttér{ Aibdhes! on and
carrying out o4 preceﬁnar € conman 0 1ake place. essence, nultiple
SETR I R e e e e

wi thin a ban 'y be W

write data into those sense amplifiers. However, writing the data into those sense

amplifiers, only would result in the data stored in those sense amplifiers becoming
more up to date than the data in those memory cells, further resulting in the need to
subsequently carry out a writeback operation to copy the updated data from those
sense amplifiers and into those memory cells, and this may necessitate the keeping of
status information within bank status buffer 379a concerning the dirty status of the
contents of those sense amplifiers. In such embodiments where memory controller
370 transmits a write command without a preceding precharge or row activate
command upon determining (by checking bank status buffer 379a) that the given row
is already open and still cached by sense amplifiers, control logic 391 may check the
contents of bank status buffer 398a to also determine if the given row is the open row
within bank 399a and is still cached by sense amplifiers. If control logic 391 also
determines (as did memory controller 370) that the given row is the open row and is
cached, then control logic 391 may accept receiving only a write command and write

the data of the given row solely to the sense amplifiers in which the data has been
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45 WD 2005/ 066967 PCTI US2004/ 043672 subsequently be closed to enable the
readi ng data fromanother row. To switch between reading one such open row
to readi ng anot her such open row would require little nore than the
transm ssi OO &G05/866%f ni row activate" command (as earl i aicT@Rsrfikdeesd) to do
little nore than to transmt the row address of the new row to be read with
the next transmtted read command. [0050] Figure 4 is a sinplified bl ock

di agram of an enbodi ment enploying a conputer system Conputer system 400
is, at least in part, nmade up of CPU (central processing unit) 410, system
| ogi ¢ 420, and nenory device 490. Systemlogic 420 is coupled to CPU 410
and perforns various functions in support of CPU 410 including providing
CPU 410 with access to nenory device 490 to which systemlogic 420 is also
coupl ed, using nenory controller 470 within system | ogic 420. CPU 410,
system | ogi c 420 and menory device 490 make up a form of core for conputer

system 400 t hat apahl e of supporting the execution of nmachi ne readabl e
instructions CBS;“"@EF*EP 9?%(91%&}6?8 5\%‘?'&@%&6@%&0 1 &t s S en ey, Wi t hin
nmenory device 490. 005 | n. varjous enbodi nents, CPU 410 coul d be any of a
variety of t;”ﬁfé%o%f‘e‘[l W&Pﬂ%ﬁ% tg cemppicte fheWite OpFralLBNE MK | east a
portion of the wdely known and used "x86" instruction set, and in other

various enbodhongh P%ntmcl Iegic3H Jravplagdecorhibe rasplking Gikey statis of the cpriepts o5

enbodi nents, nenory device 490 coul d be agé of a wvariety of types of
dynani c randdlmsaé%%gm%ﬁmwwmaws&@ffaroﬁ @»mase@araagbfor%wémmw ext ended

data out (EDO), single data rate (SDR) or double data rate (DDR) 46
of a subsequent writeback operation.

[0048] Alternatively, if the given row to be written to in bank 399a is not the
open row for bank 399a (the given row may have already been closed through a
precharge operation), but the current data from the given row is still cached within
the sense amplifiers coupled to the subarray of which the given row is a part, then in
some embodiments, memory controller 370 may further check the contents of bank
status buffer 379a to determine whether another row within bank 399a is the open
row for bank 399a. In such embodiments, if another row is found to be the open row
for bank 399a, then memory controller 370 may transmit a precharge command to
close that row, before transmitting a row activate command to open the given row.
Alternatively, in other embodiments, the fact that the data of the given row is already
cached within those sense amplifiers may result in no check being made as to
whether or not another row within bank 399a is open, because the fact of the data of
the given row being cached in those sense amplifiers is seen to obviate the need to
carry out a precharge command to close another row that might be open. In such
other embodiments, memory controller 370 may transmit a row activate command

without first transmitting a precharge command, regardless of whether another row
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WO 2005/ 066967 PCT/ US2004/ 043672 forms of synchronous dynam c RAM ( SDRAM ,
RAM of various technol ogies enploying a RAMBUSTM i nterface, etc., and
menory controller 470 provides logic 420 with an appropriate interface for
the type ofWORIHPEEI6TAt | east a portion of the nmenory caldrpuRbosiesges Y device
490 are divided into banks 499a-d, each of which are nmade up of nenory cells
organi zed into rows and columms in a two dinensional nenory array. To
access a portion of the nmenory cells within nmenory device 490, that portion
nmust be addressed by nmenory controller 470 with a conbi nati on of bank, row
and col um addresses. As those skilled in the art will recognize, the
depiction of a single nenory device 490 with four banks of nenory cells,
nanely banks 499a-499d, is but an exanple of a nmenory systemthat could be
a part of a conputer system and that a |arger nunber of nenory devices
and/or a differing nunber of banks within nenory devices could be used

Wi t hout depart.j.ng f the spirit_and,,scope t he present invention as

her ei nafteP &@ﬁ"ﬁ@&f‘g%‘%ﬂ’eﬁ’ﬁr%%nBe%aﬁ%saPﬁ%(h@{;‘?f°§§}%‘ioaeWﬁ ®c 420 is coupl ed
to and provides CPU. 410 ,wiéh qccess to starage devi c%5460 b\ér whi ch dat a
and/ or i nst r FRPPERLIs fepsitigd 1 closs apqthey Lo LUPEPIHRE thg oW adee . St or age

medi a 461 may be of, an f a wide variet f pes and technol ogi,es as
Those ski | | o ommais s by s ehvehummensrom gonties ARG S BRtewy magnet i c
or optical diskette, i conduct or menory,

A 0-optic i sk, tape, em
characters or B’é?‘f”é’rdﬁchagé Bt 58&%@%6&5%%@3&‘%%3%83 $Sen§ey  sone
enbodi nents, nonyol ajil e nenory device 430 is coupled to stem | ogic 420
Cor ot hor  pariPBHers oo S P UirasaO ORI I 6 HELe OPERIGEPREPE i i ni 11 al

series of 47 "Yl\i?ni %8\9 gc/:thglt%9 ngd E %-nrllny vSv%?eQ %n('}é%?J% simply make those sense

amplifiers available for storing data and then to store the data of the write operation
into those sense amplifiers in less time than would be required to both carry out a
row activate command that would actually ready the memory cells of the given row
to be written and a write command that would actually write the data of the write
operation into those memory cells. Also, in these embodiments where memory
controller 370 transmits a row activate command followed by a write command
without a preceding precharge command upon determining that the given row is still
cached by sense amplifiers though it is not the open row within bank 399a, control
logic 391 may check the contents of bank status buffer 398a to also determine if the
given row is the open row within bank 399a, whether it is still cached by sense
amplifiers and/or whether or not another row within bank 399a is the open row. If
control logic 391 determines (as did memory controller 370) that the given row is
cached, but is not the open row, then control logic 391 may accept receiving a row
activate command to open the given row without a preceding precharge command

and take advantage of the data of the given row being cached by simply altering the
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instructions executed at a tine when conputer system 400 is either "reset”
or initialized (for exanple, when conputer system 400 is "turned on" or
"powered up") to performtasks needed to prepare conmputer system 400 for
nor mal use WO M0804¥867 vari ati ons of such enbodi ments, upegriushdosiiszati on or
resetting of computer system 400, CPU 410 accesses nonvol atile nmenory
device 430 to retrieve instructions to be executed to prepare nenory
controller 470 for normal use in providing access for CPU 410 to nmenory
device 490. It may be that these sane retrieved instructions are executed
to prepare systemlogic 420 for normal use in providing access to storage
devi ce 460 and whatever form of storage nedia 461 that may be used by
storage device 460. [0053] In some enbodi nents, storage nmedia 461 carries
machi ne-accessible instructions to be executed by CPU 410 to cause CPU 410
to carry out one or nore tests of nenory device 490 to determ ne what type

f DRAM devi . deyi 490 b d/ t o _def. i ne. t f ti
memory devi cE UG SO oo e T B A PR MRS B ot { ot o
e T oaponsc Loy istBPy SRR (i Hoyriogh o DY YA PR

the. pr egence Cantoess S b Atber dfe wiiB Sofimeiy Bt Wity & 99y PSai ng” dat a
e Wt SR L B TR KR BEIROSH S0
evi co 490 | EVERFEHPESERPBITTIIGS B o2 e 66O BILIER? CRBBON 043672 Use
of sense anmp lI-{J\Ajeserrsasa?ev?on? rnn(;te%f w grg g%ﬁ%n“gr/itg Lorglﬂlgrtld irsr%gl?'ig ogtes\tlui:hct%atdfgo 's able
to »asp. y )

those sense amplifiers store data that is more up to date than the data of the given

row, then information pertaining to this resulting dirty status of those sense

amplifiers may be recorded in bank status buffers 379a and/or 398a.

[0049]  The provision of isolators between sense amplifiers and global I/O lines

used for transmitting data from those sense amplifiers to other portions of a memory

device, such as I/O selection multiplexer 395 of memory device 390, affords greater

flexibility in the operation of such a memory device. Specifically, the need to rigidly

adhere to the requirement of always closing any open row within a bank before

opening another row found in other DRAM memory devices can be frequently

ignored in the operation of memory device 390. As long as a new row to be accessed

does not share the same sense amplifiers in a block of one or more subarrays as

another row that is already open, the new row may be opened without incurring the

delay of waiting for the transmission and carrying out of a precharge command to

take place. In essence, multiple rows within a bank (up to 1 row for every block of

one or more subarrays within a bank) could actually be opened without having to
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support having dirty contents within sense anplifiers enployed as a form of
cache (as described at |length el sewhere herein), then CPU 410 nmay be caused
to program or otherw se configure nenory controller 470 to make use of such
a caching WYQpWs06E96% . | n enbodi ments where menory cont redTVes20040@3678 SO
programmed, nenory controller 470 may have access to or incorporate a
storage device such as bank status buffer 479 in which to maintain data
concerning the status of various rows within the subarrays making up each
of banks 499a-d of nenory device 490. Such data, whether stored in a
specific buffer such as bank status buffer 479, or not, may provide an

i ndi cation of which of rows within each of banks 499a-d are cached by a row
of sense anplifiers coupled to the subarrays in which each of those rows
reside. Menory controller 470 may access such data to determ ne whether or
not a row to be accessed in a given one of banks 499a-d is cached by a row
of sense a L fle t aty.r f sense
anplifiers rgl‘%ﬁe{lﬁreg‘ay b%@%‘@gé e‘%ﬁﬂe%&t regafr?%gv&?%g%éﬁ %tg%rerts)g.egl‘oisgr‘ﬁ’g ready open,
and/ or whet her, or . i rent.  r i 1. 50l .[0054] As
earlier di scﬁ’sets“geal,l&%?mgo?%éb{c 83 éogéggggéﬁgﬁgﬂ%&%mﬁgﬁg@sgg ggqcuél%hed and
al ready open, ehr%QranP tﬂea{r%.sl\}lm%tsa%ﬂt%ﬁg g %?m%v”}’ch'v{té'ecro%:&&ﬁl‘(és”e%ﬂ%% a cache may

be read fromor witten ransnission of onl'y a read comand (or
mni read co d), ,or. a ite command (or,.mni..wite ¢ nd), and
with or wit ho‘%%g%gﬁ (R d%ﬁgfgﬁ?f %@{_ran f%%@lg , eirf)‘(vtaﬂ‘éref‘so%&fecfmﬂvemgggg‘gs ed is
determned to aﬁle iﬁﬁt@hed but 4‘19 2\1/%) 2005/.066967 PCTI US2004/ 043672 not

w I‘ﬁ ?‘I

al ready be 058 ) ﬁnfnﬁgagséqige oémgaélHSe anplifiers serving as a cache

may be read (L5 orut it g0 40 kDG EL AT S5 0REh 91 f oW acti vate

==}

computer system. Computer system 400 is, at least in part, made up of CPU (central
processing unit) 410, system logic 420, and memory device 490. System logic 420 is
coupled to CPU 410 and performs various functions in support of CPU 410 including
providing CPU 410 with access to memory device 490 to which system logic 420 is
also coupled, using memory controller 470 within system logic 420. CPU 410,
system logic 420 and memory device 490 make up a form of core for computer
system 400 that is capable of supporting the execution of machine readable
instructions by CPU 410 and the storage of data and instructions within memory
device 490.

[0051] In various embodiments, CPU 410 could be any of a variety of types of
CPU including a CPU capable of executing at least a portion of the widely known
and used "x86" instruction set, and in other various embodiments, there could be
more than one CPU. In various embodiments, memory device 490 could be any of a
variety of types of dynamic random access memory (RAM) including fast page mode

(FPM), extended data out (EDO), single data rate (SDR) or double data rate (DDR)
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(perhaps a mni row activate conmand) and a read or wite command (perhaps a
mni read or wite conmand either with or without auto precharge). In such
an instance, the transm ssion of the row activate command may be preceded
wth the W9H&%47on of a precharge command to cl ose giR8sosfoRiy2 if there
is another row that is found to be open. Alternatively, if arowto be
accessed is determned to not be cached by a row sense anplifiers, then the
data in the nenory cells of the row, itself, may be read fromor witten to
with the transm ssion of a row activate conmmand followed by waiting for the
appropriate tinme for the row activation to be conpleted and then
the.transm ssion of a read or wite command causing the, data wthin the
menory cells of the rowto be copied to a row of sense anplifiers from

whi ch the data would then be read or to which the data would then be
witten. [0055] Figure 5 is a flow chart of enbodi nents of operations to

read data fr?&?gi%@%ﬁ'@n&%‘gﬁ%ﬁ%%@ﬁmmﬁ&fvago ?%5310 lggli ce. At 510,

a determ nati Ol e’‘contents o e grven row have

al ready been copied spondi ng sepse anplifier ithin the given
bank. 1 songaiaarrAVBUSTRERAE, 8, A Rtman couraizddroRirher y
controller checking stored informati on pertaining to which rows of which
subarrays or 489 With an approgriats ipterfacedopbe fype ghmsaory. fitdeastmpastiongfiths j er s, whi ch
row is open in each _bank, and/or whether or not the contents copied from
various rows MeHosy ells oE memgry device 49 are diyided ynto panks #HR%a-d.sgchygh el 066967

PCTI US2004/ 043672 enbodi nents, this determ nation m ght |ater al so be nade

by | ogic wit Brernadsaip ofEesiopy epdly Preanigedbintogp s andcodymnsdn a kwe digieasionakf or nat i on

as commands are received to possibly determ ne which course of action should
be taken to SFHIrLaNdy: ko ascess a portion of the memory cells within memory device 490,

that portion must be addressed by memory controller 470 with a combination of
bank, row and column addresses. As those skilled iﬁ the art will recognize, the
depiction of a single memory device 490 with four banks of memory cells, namely
banks 499a-4994, is but an example of a memory system that could be a part of a
computer system, and that a larger number of memory devices and/or a differing
number of banks within memory devices could be used without departing from the
spirit and scope of the present invention as hereinafter claimed.

[0052] In some embodiments, system logic 420 is coupled to and provides CPU
410 with access to storage device 460 by which data and/or instructions carried by
storage media 461 may be accessed. Storage media 461 may be of any of a wide
variety of types and technologies as those skilléd in the art will understand, including
CD or DVD ROM, magnetic or optical diskette, magneto-optical disk, tape,
semiconductor memory, characters or perforations on paper or other material, etc. In
some embodiments, nonvolatile memory device 430 is coupled to system logic 420

(or other part of computer system 400) and provides storage for an initial series of
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operations to be conpleted in less tine. If the contents of the given row
have al ready been copied into sense anplifiers, then at 520, a

determ nation is made as to whether or not the given rowis the open row
wi thin the Wyovessossask. |f the given rowis the open row@fudhifdissen bank,
then a mni read operation in which isolators between the sense arrpllflers
storing the contents of the given row and global I/Olines are operated to
coupl e those sense anplifiers to those global I1/Olines to enable data to
be read out of those sense anplifiers within a period of time shorter than
woul d be possible if the data were read out of the nmenory cells of the
given row, itself. However, if the given rowis not the open row of the

gi ven bank, then a mni row activate command is carried out at 522 to
change the setting of a row address decoder of the given bank to make the
sense anplifiers stori ng the contents of the gi ven row accessi ble for being
read at 524 with a mni ad co nd, as just %er some

enbodi nent s, WSH'%CtWP%?xeF A ey eneﬁ‘?alpl'ﬁe%?ys?e@a d% ﬁd§se|‘ra‘§ be separate
and di stinct commn&s transmtted by a nenory controller to signal variants
of row  acti ATAIZEoTABDIEOHHERPSISRIYSIEBUIAOE Timed oF'| or PR ¥y out,
while in alter‘rllFé_}glve enbadj nents, logic within the nmenory device

aut ononous| y [ PREPRE tasksneeded toprepareromperstem 400 dor nogmaliisesiSeme of t he
given row within the given bank to 51 WO 2005/ 066967 PCT/ US2004/ 043672

det er ni ne whé&tationg,pf SHeh ergbqgimenty, yperpigitialization oF resgtting of CoUPBIETSYSR® nay be
carried out in lieu of another formof row activate or read command. [0056]
Al ternati vel #OO.GPY 0 acerssesmonvalatile memeny\ekics 630 tareiriges igstmcHeRs tabe 510 to
have not been CO{%I ed into sense anplifiers, then at 530, a det erm nation is
made as to \WheHied o prepare memopt conples A7Q fos pormal usedn geoviding aocess g

correspondi n% to the given _ row
PU 410 to memory device 490. It may be that these same retrieved instructions are

executed to prepare system logic 420 for normal use in providing access to storage
device 460 and whatever form of storage media 461 that may be used by storage
device 460.

[0053] In some embodiments, storage media 461 carries machine-accessible
instructions to be executed by CPU 410 to cause CPU 410 to carry out one or more
tests of memory device 490 to determine what type of DRAM device memory device
490 may be, and/or to determine what functions memory device 490 may support.
Such tests may include a series of attempted accesses to portions of memory device
490 and observation of the nature of the responses, received. Alternatively, such
tests may include interrogating a code identifying the type of memory device or
identifying the presence of one or more features, or such tests may entail reading data
stored in a portion of nonvolatile memory within memory device 490 identifying the
type of memory device, various parameters, and/or the presence or absence of

various features. If it is determined that memory device 490 is able to support the
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are dirty or not. If the contents of those correspondi ng sense anplifiers
are not dirty, then at 540, a determ nation is nmade as to whether or not
the bit lines coupled to the nenory cells of the given row are al ready

pr echar ged Y 2083066947 t hose bit |ines have already beemcpruseivanget, then a
possi bl e precharging of the sense anplifiers to prepare the sense
anplifiers to receive data fromthe given row (if the sense anplifiers
require such preparation) and a row activation operation to prepare the
menory cells of the given rowto be accessed are carried out at 544. |f
those bit lines have not already been precharged, then a precharge
operation is carried out to precharge those bit |lines at 542, before the
possi bl e precharging of the sense anplifiers and the row activate operation
are carried out at 544. However, if the contents of the correspondi ng sense
anplifiers are determned to be dirty at 530, then a witeback operation is

car ried out alke Sz sl LR o Yo AR B HerloBP B8 R01RGs TR 1 {1 €7 O

the row to whic y contents ong, | us ore those sane bit

lines are pr gﬁ%ﬁ,ﬁ?ﬁgmghir@%fﬂeﬁl@%i&ﬂ}ﬁnge BR&s Eglbg:y%f&saefomtg%hg r

prechgrgLng _ row-activation operation t ?pe_a : Lp tris

t t

coupl ed t g"? TistlebdHBea hIEhR Sfctunel) re@%?&%fé %8@%2%8@%‘5%%0?35@%8@4} Oﬁs'e;?‘és
tent to t

(r:rgpm_re; iel les%gg ﬂ’%ﬁg&;@ye ?g%ﬂtogrﬁ%ﬁ%g@?g?ée@ Hg%igélg‘ﬁ%ﬁsggﬁgg% ﬁlére thgse gense

oS IR UedooatdPRSyRReh g LoldiePh o ¥ S BB D

transmtted by e’'sense a rfiers nenory ce the row to which
the dirty contents bel qn nd l.at ched t.he ry celds of that row when

the corres poﬂﬁ"i"ﬁod?' \(f\%nirgﬂF’i%'n e h%ﬁee?cé:%ségé/ ?rol?l%o_zﬁfﬁogglggls%’facgﬁidﬁgc? 08&ur. In some
enbodi ment s, b%nkwgtﬁthsegl%fel§ 4%)1%rv91'}ic':hot% mrta%%aig%at'a%ﬁc'elantifgdmg Ytaflis of various

rows within the subarrays making up each of banks 499a-d of memory device 490.

Such data, whether stored in a specific buffer such as bank status buffer 479, or not,
may provide an indication of which of rows within each of banks 499a-d are cached
by arow of sense amplifiers coupled to the subarrays in which each of those rows
reside. Memory controller 470 may access such data to determine whether or not a
row to be accessed in a given one of banks 499a-d is cached by a row of sense
amplifiers, whether or not the contents of that row of sense amplifiers is dirty,
whether or not a row to be accessed is already open, and/or whether or not a different
row is open within each bank.

[0054] As earlier discussed, if a row to be accessed is determined to be cached
and already open, then the data in the sense amplifiers serving as a cache may be
read from or written to with the transmission of only a read command (or mini read
command) or only a write command (or mini write command), and with or without

auto precharge. However, if the row to be accessed is determined to be cached, but
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command transmtted by a nenory controller, while in alternative

enbodi nents, a witeback operation may be brought about autononously by
logic within the nmenory device as a result of receiving a row activate
conmand t h¥{0 WBUI6§%68nt ai | using sense anplifiers that earmusokgssiore dirty
contents. After the possible precharge of the sense anplifiers and
activation of the given row at 544, the read operation is carried out at
546. [0057] Figure 6 is a flow chart of enbodi ments of operations to wite
data to a given rowwithin a given bank of a nenory device. At 610, a
determnation is made as to whether the contents of the given row have

al ready been copied to correspondi ng sense anplifiers within the given bank.
In some enbodi nents, this determnation is made by a nmenory controller
checking stored information pertaining to which rows of which subarrays or
bl ocks of menory have been copied into sense anplifiers, which rowis open
i n each banknotaldidybewpet, iRh 1R daflih thd¥enseGaiplifEYs Ser¢iPRiaC 8 cddh@MaydET OUS T OWS
into sense anplifiers are dirty. In other enbodinents, this determ nation

m ght |ater palag@okforRdRn BYwit® e Gradrhibiich dfiHBthRoWEAcBPASEARASAT _
PCT/ US2004/ 043672 menory device that al so checks such stored information as

commands  ar e(geffapl ¥ ffinitéw BARAlcRbMNARE T IaREd WD weife SothaR (Bérhastal On shoul d be
taken to enabl e various operations to be conpleted in less tine. If the

contents of lﬁ?ﬁreud\e%rft@a&nhﬁaﬁaeﬁhér&ﬁdyorvh%ﬁkaﬁ&ﬁﬂr&dmigean%m anplifiers,

then at 620, a determination is nmade as to whether or not the given rowis

the open rowipMahél, helthBshit G oftB Yow dcfivitd Corth MRy precelidiEwinP@en row of the
gi ven bank, then a mni wite operation in which i'sol’'ators between the

sense ampl i T brfshniSidd dfAPrdch e itufiitdSo Slosd HBtHdE 1650 if e BNMo@EQBR 1/0 |ines
that is found to be open. Alternatively, if a row to be accessed is determined to not
be cached by a row sense amplifiers, then the data in the memory cells of the row,
itself, may be read from or written to with the transmission of a row activate
command followed by waiting for the appropriate time for the row activation to be
completed and then the.transmission of a read or write command causing the data
within the memory cells of the row to be copied to a row of sense amplifiers from
which the data would then be read or to which the data would then be written.
[0055] Figure 5 is a flow chart of embodiments of operations to read data from a
given row within a given bank of a memory device. At 510, a determination is made
as to whether the contents of the given row have already been copied to
corresponding sense amplifiers within the given bank. In some embodiments, this
determination is made by a memory controller checking stored information
pertaining to which rows of which subarrays or blocks of memory have been copied

into sense amplifiers, which row is open in each bank, and/or whether or not the

contents copied from various rows into sense amplifiers are dirty. In other
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operated to couple those sense anplifiers to those global 1/Olines to
enable data to be witten solely into those sense anplifiers within a
period of time shorter than would be possible if the data were also witten
into the nBebA0P5/867s of the given row, itself. InfornrcTwsosoabro stored
at 624 indicating that those sense anplifiers now have contents that are
dirty since those contents are now nore up to date than the contents of the
menory cells of the given row, itself, and in various enbodinents, this
dirty status information is maintained within the nenory device and/or
within a nenory controller operating the menory device. However, if the
given row is not the open row of the given bank, then a mni row activate
command s carried out at 622 to change the setting of a row address
decoder of the given bank to nake the sense anplifiers storing the contents
of the given row accessible for being witten to at 624 with a mni wite

command, a5 ibafeRe! R el AR M T e oy ISl iRy 20t 1 vale and

mni wite conman be separate and stin tfansmtted by a

menory contr %@? &8’1 @R also \éﬁer gt(aied 1%112&:4”10%(\9 %&%ér%@ @ﬂgqucelved

PCTI US2004/ 0 |vate an conman equire esstine to

carry out, whiLShfy akew Y ecom%gp AUk Blchia el bAdBid ol memory devi ce

autononDust chec ore orna on pertalning status of the given

row W t hin t %Sergt'mn%'@ Q@&mp lé%ed ﬂ%s? El N% qﬂ\@ gon?e%ts ot'th nﬁ{'enartoﬁ;'e glu? AT ctivate

or mni witetrcomran rr|e eu of®ano ormof r ow
activate or |t t t. onte f the
o vens ow nr St AR, f%ﬁl%%ﬁ*ﬂh%%ﬁn%ﬁas%%%@a SRS hing ]

anplifiers, then.at .630, a L0 0AL MR ¢Sy B g .whet her,. the current
contents of ChECIEHELLION ‘Sﬁ‘ %’m ths“b%‘r‘?&”r?&%f“g"ts‘ﬁ CEARY & fd

open row of the given bank, then a mini read operation in which isolators between

the sense amplifiers storing the contents of the giveh row and global I/O lines are
operated to couple those sense amplifiers to those global I/O lines to enable data to
be read out of those sense amplifiers within a period of time shorter than would be
possible if the data were read out of the memory cells of the given row, itself.
However, if the given row is not the open row of the given bank, then a mini row
activate command is carried out at 522 to change the setting of a row address decoder
of the given bank to make the sense amplifiers storing the contents of the given row
accessible for being read at 524 with a mini read command, as just described. In
some embodiments, the mini row activate and mini read commands may be separate
and distinct commands transmitted by a memory controller to signal variants of row
activate and read commands that require less time to carry out, while in alternative
embodiments, logic within the memory device autonomously checks stored

information pertaining to the status of the given row within the given bank to
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are dirty or not. If the contents of those correspondi ng sense anplifiers
are not dirty, then at 640, a determ nation is nmade as to whether or not
the bit lines coupled to the nenory cells of the given row are al ready
prechar ged W 20090669d7f t hose bit |ines have already beepchrRsfiadnges then
both a possible precharge of the sense anplifiers to prepare the sense
anplifiers to receive data fromthe given row (if the sense anplifiers need
such preparation) and a row activation operation to prepare the nenory
cells of the given rowto be accessed are carried out at 644. If those bit
| ines have not already been precharged, then a precharge operation is
carried out to precharge those bit lines at 642, before both the possible
sense anplifier precharging and the row activate operation at 644 are
carried out. However, if the contents of the corresponding sense anplifiers
are determned to be dirty at 630, then a witeback operation is carried
out at 632 tqQ copy the dirty contents of those sense anplifiers to the row
to which t hoSelerabnn whather genefRgninhy¥acyae erdnishreptheramand mey bpearriedpl ed t o
t he 55 WD 2005/066967 PCT/ US2004/ 043672 nmepory cells of the given row, just
bef or e t hose O&drticwefanptherlorm ooyt ackivale giggadgongnand. and bot h t he possi bl e
sense anplifier precharging and the row activation operation_ take place at
644. |In sonel di Altematively.if the somicnts of thergivangaw eg deyeminedet 34048 by a
command transmtted by a nenory controller, while in alternative
enbodi ment s, have ngf baea sepikd peseats anplifiesy, then #530gtieteamigtionisiade avigs| y by
logic within the nenory device as a result of receiving a row activate
command t hat Whetherdheenreent contanispf Shersorse amplifiers parrespanding te therg@dypnirgWst ore dirty
contents. After possi-ble sense anplifier precharging and activation of the
gi ven row at ag4lirty ef nopwH gheppnisple ofthpgsreoirespending geise yuplifiers gaBotwiteh eby
i solators between the bit lines coupled to the nenory cells of the

then at 540, a determination is made as to whether or not the bit lines coupled to the

memory cells of the given row are already precharged or not. If those bit lines have
already been precharged, then a possible precharging of the sense amplifiers to
prepare the sense amplifiers to receive data from the given row (if the sense
amplifiers require such preparation) and a row activation operation to prepare the
memory cells of the given row to be accessed are carried out at 544. If those bit lines
have not already been precharged, then a precharge operation is carried out to
precharge those bit lines at 542, before the possible precharging of the sense
amplifiers and the row activate operation are carried out at 544. However, if the
contents of the corresponding sense amplifiers are determined to be dirty at 530, then
a writeback operation is carried out at 532 to copy the dirty contents of those sense
amplifiers to the row to which the dirty contents belong, just before those same bit
lines are precharged at 542, and both the possible sense amplifier precharging and
the row activation operation take place at 544. In this writeback operation, isolators

between the sense amplifiers and bit lines coupled to the row to which the dirty

52



given row and those sense anplifiers to allow the contents of the nmenory
cells to be copied across those bit lines and into those sense anplifiers
when the word line corresponding to the given row within the given bank is
oper at ed t V@ aW58660¢7c menory cells of the given row to rtiTasRes@eschhe r
contents on to those bit lines. Wth the contents of the given row now
contained within the sense anplifiers, the mni wite operation at 624, as
earlier described, takes place. 56 CLAIMS What is clainmed is: 1. A nenory
device conprising: a first subarray of nmenory cells organized into rows and
colums; a first plurality of bit |lines, each coupled to a colum of nenory
cells; a first set of subarray isolators to selectively couple the first
plurality of bit lines to a first row of sense anplifiers; a first set of
comon isolators to selectively couple the first row of sense anplifiers to
a plurality of global /O lines; and isolator control logic to coordinate

zgen}eﬁotf OPPﬁ‘fJé (i Gt PR} pfhe SHRAUL ks ol 3814 E%déa“%oﬁ%ﬁﬁ c ?ﬁ Eﬂlggf bth
set of co rrTm\r,(:{f |&se gﬁgﬁ g(gvs)a%% L%eﬁt%\{/vt%éf 3@@6 ﬁ)g%%ég&% §er{3€ g’“ﬁ’?ﬁ%@%@@f%fblts ense

coor i nat ot RBeseh AR h Tk fis b pPliiidcobylhe ol BhaldeR GMITT, TG e
or cchar g opAary RIS EF hedte Kt Foieh O il B BEURE R ATRE )Y o 1

lines. 2. THEAGRTRMN of Bl 5% Whenthéldedponbilh WRI 1%l Bler b8 cause

latching to occur. In some embodiments, a writeback operation may be initiated by a
command transmitted by a memory controller, while in alternative embodiments, a
writeback operation may be brought about autonomously by logic within the memory
device as a result of receiving'a row activate command that would entail using sense
amplifiers that currently store dirty contents. After the possible precharge of the
sense amplifiers and activation of the given row at 544, the read operation is carried
out at 546.

[0057] Figure 6 is a flow chart of embodiments of operations to write data to a
given row within a given bank of a memory device. At 610, a determination is made -
as to whether the contents of the given row have already been copied to |
corresponding sense amplifiers within the given bank. In some embodiments, this
determination is made by a memory controller checking stored information
pertaining to which rows of which subarrays or blocks of memory have been copied
into sense amplifiers, which row is open in each bank, and/or whether or not the
contents copied from various rows into sense amplifiers are dirty. In other

embodiments, this determination might later also be made by logic within the
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a second subarray of nenory cells organized into rows and columms; a second
plurality of bit lines, each one of the second plurality of bit |ines being
coupled to a colum of nenory cells; a second set of subarray isolators to
sel ect i vel WORI0H6E967 he second plurality of bit I|ines tBCHUSHOgREsTOW Of
sense anplifiers, wherein the second set of subarray isolators are operable
by the isolator control logic to allow data in a rowwithin the second
subarray to be copied to and | atched by the second row of sense anplifiers;
and a second set of common isolators to selectively couple the second row of
sense anplifiers to the plurality of global I/OIlines, wherein the second
set of commobn isolators is operable by the isolator control logic to allow
data | atched by the second row of sense anplifiers to be transmtted to the
plurality of global 1/0 lines and to prevent 57 data |atched by the second
row of sense anplifiers frombeing | ost when the first set of common

| solators i smogsabatk Bt b ENrEPRIdRhIM cbnAndl koW | at ched in

the first row of sense anplifiers to be transmtted to the plurality of

gl obal 1/0 'ﬂ]co%&xblfdetél}ﬂﬁne”{%‘i% Xm:?é’evcﬁ%&%oﬂfsh&dl@bériaﬂcent% g&ﬂi@fzarfb%p“ sing: a

first bank y conprised o Irst and secon subarrays the first
and second %teh 91 sense
anplifiers, %%daug{;l 6?5??681%@ taen seg%:%% Igtel{ago%Fﬁtggfntﬁ% V?IZO ators d a second

bank of memofy, ApledTa'ill% sgm%hﬂ@é'tgéh 8f626'3i WBrhinadidtf i§ BGle Emﬂeﬁfef‘g contr ol

| ogi c conflgure recel ve read conmmand whereirn data i's copied froma

row wi thin i mag;veﬁ R onch 6 UBEARE Bk ink! ke BLAH b/ heo! DIt 1 nes

and the first set array 1solators tot i rst owo sense

anpl i fiers wagt eod BPme giveén bﬁﬂg, e 9500 VAt opedifioHh FndcREONEGs Bitwhid the

the sense amplifiers storing the contents of the given row and global I/O lines are

operated to couple those sense amplifiers to those global I/O lines to enable data to
be written solely into those sense amplifiers within a period of time shorter than
would be possible if the data were also written into the memory cells of the given
row, itself. Information is also stored at 624 indicating that those sense amplifiers
now have contents that are dirty since those contents are now more up to date than
the contents of the memory cells of the given row, itself, and in various
embodiments, this dirty status information is maintained within the memory device
and/or within a memory controller operating the memory device. However, if the
given row is not the open row of the given bank, then a mini row activate command
is carried out at 622 to change the setting of a row address decoder of the given bank
to make the sense amplifiers storing the contents of the given row accessible for
being written to at 624 with a mini write command, as just described. In some
embodiments, the mini row activate and mini write commands may be separate and

distinct commands transmitted by a memory controller to signal variants of row
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first row of sense anplifiers is transmtted through the first set of common
isolators to the plurality of global 1/Olines. 5. The nenory device of
claim4, wherein the control logic is further configured to receive a nmni
read comal{@ d68%6at a has al ready been copied from a PEHUSA04043672he fi r st
subarray and latched by the first row of sense anplifiers, and to respond by
operating the first set of comon isolators to allow the data | atched by the
first row of sense anplifiers to be transmitted by the first row of sense
anplifiers through the first set of conmon isolators to the plurality of
global 1/Olines. 6. The nenory device of claimb5, wherein the control |ogic
is further configured to receive a mni row activate command wherein a row
address identifying a rowwithin the first subarray is received by the
control logic to signal that data |atched within the first row of sense
anplifiers fromthe rowwthin the first subarray is to be transmtted

through the fativate BtwrRé cEHRIRTNS tHabRlgaitess tinfe thRErPbt! @hild ¥ a@brnadivebal 1/ 0O
|l i nes upon receipt of a read coomand. 58 7. A controlling device

conpri sing:  @mbbdiflents105i@ WBthirth@nkMBryl dRvith mtbndifully cREkS kidkddd the status of
rows within a bank of nmenory cells within a nenory device is stored,

control | 0gi GnfeRkHA0R PertBnibP® th Etdths 8B H9& JoRORMHiIR hel Bvealtamkiodat a wi thin the
first storage location to deternmine if the contents of a specific row from

whi ch data i Yefefnil€ whEBECorindt Anfnf ARY atiORB 8FAmBY vaitd QMBindSERSR @fRli fiers and
to check if the specific rowis the open row wi thin the bank; and a nmenory

bus coupl i ng o4f1Q 1e@BF &lJthek RFHnGof k@v hdiRallREREIK dMhm@ L0 all ow commands to be
transmtted fromthe control logic to the nenory devi ce;

[0058] Alternatively, if the contents of the given row are determined at 610 to
have not been copied into sense amplifiers, then at 630, a determination is made as to
whether the current contents of the sense amplifiers corresponding to the given row
are dirty or not. If the contents of those corresponding sense amplifiers are not dirty,
then at 640, a determination is made as to whether or not the bit lines coupled to the
memory cells of the given row are already precharged or not. If those bit lines have
already been precharged, then both a possible precharge of the sense amplifiers to
prepare the sense amplifiers to receive data from the given row (if the sense
amplifiers need such preparation) and a row activation operation to prepare the
memory cells of the given row to be accessed are carried out at 644. If those bit lines
have not already been precharged, then a precharge operation is carried out to
precharge those bit lines at 642, before both the possible sense amplifier precharging
and the row activate operation at 644 are carried out. However, if the contents of the
corresponding sense amplifiers are determined to be dirty at 630, then a writeback
operation is carried out at 632 to copy the dirty contents of those sense amplifiers to

the row to which those contents belong, possibly using those bit lines coupled to the
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wherein a mni read command is transmtted by the control logic to the
menory device if the contents of the specific row are already cached by a
row of sense anplifiers and the specific rowis the open row within the
bank to caw9e0¥eéddat a cached by the row of sense anplpéi/esmod/euzbr out put
by the nenory device. 8. A controlling device conprising: a first storage

| ocation in which data concerning the status of rows wthin a bank of
menory cells within a nenory device is stored; control |ogic coupled to the
first storage |ocation to check data within the first storage location to
determine if the contents of a specific row fromwhich data is to be read
is already cached by a row of sense anplifiers and to check if the specific
rowis the open row within the bank; and a nenory bus coupling the control
|l ogic to the nenory device to allow commands to be transmtted fromthe
control logic to the nmenory device; wherein a mni row activate command and
amni read ¢ r r . nory
device if the%g{og%]&ll? Oﬁh’% gf()@ iR &g ?tg%rt%‘g/}vggélg%ﬂr%eeg rgdm%eé fﬁg row of
sense arrpllfl eC|f| [ QW ale the o row wthin the bank,
to cause the m% B’eé’ O%S(?)elets %m%lfﬁer? gh Endtﬁ O“p?lc;tlﬁatf%e(’pﬁrgﬁ&n and to
cause the by the rqw,.of |f| rsto be.output by the
menory devi cgake@%cggk% %0%91‘711? r?&l élgsi%‘ém%eg:%r(’pﬁ anmgypﬂxgtfae (B’rage

| ocation in which

h
menory cells WT‘ﬁ?‘ﬂ @sﬁ’é rn| tcgrgrsilat ; %ﬁ%\%ﬂ% t %ggn%’g%ﬁl ed to t he
f t st | t h t h t h f ] | t t
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device as a result of receiving a row activate command that would entail using sense

amplifiers that currently store dirty contents. After possible sense amplifier
precharging and activation of the given row at 644, a row copy operation is carried
out at 646 whereby isolators between the bit lines coupled to the memory cells of the
given row and those sense amplifiers to allow the contents of the memory cells to be
copied across those bit lines and into those sense amplifiers when the word line
corresponding to the given row within the given bank is operated to cause the
memory cells of the given row to discharge their contents on to those bit lines. With
the contents of the given row now contained within the sense amplifiers, the mini

write operation at 624, as earlier described, takes place.
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read is already cached by a row of sense anplifiers and to check if the
specific rowis the open row within the bank; and a nenory bus coupling the
control logic to the nenory device to allow conmands to be transmtted from
the control logic to the menory device; wherein a read command is
transmtted by the control logic to the nenory device if the contents of

t he speci f g ATV are not al ready cached by a row of sense anplifiers, but
the specific rowis the open row within the bank, to cause the contents of
the nenory cells of the specific rowto be copied to a row of sense

anmpl i fi er sV8mtasclabmedos: cached by the row of sense anplifiers, and to cause
the data copied fromthe specific row and cached by the row of sense
anplifiers to be output by the nmenory device. 10. A controlling device
conprisi ngl- a fArBemaRyslexiss COBPHENEN i n whi ch data concerning the status of

rows within ab I it hi TGENRY | is stored;

control logic C%F}Eﬁtg‘ggat@@éyeéoﬁgtcag\ggég%geﬁgcati gﬁmgg?ﬁc €ck data within the
first storage hé6ieaphnaityofdatieesieach ¢duptddao aedluaiit 6f @émarysqdlsj fic row from
which data is to be read is already cached by a row of sense anplifiers and
to check if thea&pdesteicuperny wolaigrtoosslastivelwconnlnithe fusepyaaiity bk lisesrenor y

bus coupl i Qe bt Lfle L ABliferk0 the nmenory device to allow commands to be
transmtteg)ga}ronﬁ e contro?1 eorgfic to the nmenory device; wherein a row

activate conmmuand fasdsa ofeasneommiBoldtoas @o tselactbvelst codplbythe Mirst eomtdfodensedgi ¢ t o
the nenory device if the contents of the specific row are not already
cached by amplfiersto & phgdlity ppelopald/Q lingy apthe specific row is not the open row

bank and be Mok PRiatipb 0 MERLILEE B hBerdRGPTE o 8PER SRt oo
t he menor yisokkdrs todlldvhdata e airdwof meamdre cells within the first subarray to be copied to
and latched by the first row of sense amplifiers, to coordinate the operation of the first
set of common isolators to allow data latched by the first row of sense amplifiers to be
transmitted to the plurality of global I/O lines, and to coordinate the operation of the
first set of subarray isolators to prevent the loss of data latched by the first row of sense

amplifiers by a precharge operation carried out to precharge the first plurality of bit lines.

2. The memory device of claim 1, further comprising:

a second subarray of memory cells organized into rows and columns;

a second plurality of bit lines, each one of the second plurality of bit lines being
coupled to a column of memory cells;

a second set of subarray isolators to selectively couple the second plurality of bit
lines to a second row of sense amplifiers, wherein the second set of subarray isolators
are operable by the isolator control logic to allow data in a row within the second
subarray to be copied to and latched by the second row of sense amplifiers; and

a second set of common isolators to selectively couple the second row of sense
amplifiers to the plurality of global I/O lines, wherein the second set of common
isolators is operable by the isolator control logic to allow data latched by the second row

of sense amplifiers to be transmitted to the plurality of global 1/O lines and to prevent
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be copied to a row of sense anplifiers so as to be cached by the row of
sense anplifiers, 60 and to cause the data copied fromthe specific row and
cached by the row of sense anplifiers to be output by the nmenory device.
11. A conmputer system conprising: a processor; a nmenory device having at

| east one bank in which a plurality of nenory cells are organized into

rows; a Negpy yat&l@agbryg%lét coR@ YR 8 stifRe bl I ggq?o%ﬁ%mgnsst'w'nrkﬂe ?irgtisfats(#f

storage | ocation e nenory contr accesses to determne it the
cont ent s ofonamerpéswidtors is operbtedrhy thhiisataatantiod lagic e all@adlatanlatohspange to a

request for data fromthe. processor is alread .ach b .ow of sense
Ll 11 er Srshi PreBTRARIor RS e b 0 Bural o e ABWINGS ¢ hi m 1 he
bank; and a nmenory bus coupling the control logic to the nmenory device to
allow commands to be transmtted fromthe control logic to the nmenory
devi ce; wher ei nThdwmemonyt doticel adglaimt Ir, furstrer temprisingti read conmand to the

menory device if the contents of the specific rowfr which th rocessor
nas r bquest ed_ dhfit B SEEBAR Somptied St Cap ek S el B lrdng ¢ he

speci fic rowhdsdi BEsaey I QW¥st Mk TirstbhE sQRRY st rcatseniffiefabad gRaed by
the row of sense anplifiers to be output by the nenory devicde. 12. A

conput er sayst eromseprafsiongnon iaolptooss@sdor: a nenory devi ce having at | east

one bank in V\hlgzgecgnm)gr{kacl)tjégmgg‘y' menory cells are organized into rows;

4. The memory device of claim 1, further comprising control logic configured to
receive a read command wherein data is copied from a row within the first subarray
through both the first plurality of bit lines and the first set of subarray isolators to the
first row of sense amplifiers where the data is latched, and the data latched within the
first row of sense amplifiers is transmitted through the first set of common isolators to

the plurality of global 1/O lines.

5. The memory device of claim 4, wherein the control logic is further configured to
receive a mini read command where data has already been copied from a row within the
first subarray and latched by the first row of sense amplifiers, and to respond by
operating the first set of common isolators to allow the data latched by the first row of
sense amplifiers to be transmitted by the first row of sense amplifiers through the first

set of common isolators to the plurality of global I/O lines.

6. The memory device of claim 5, wherein the control logic is further configured to
receive a mini row activate command wherein a row address identifying a row within
the first subarray is received by the control logic to signal that data latched within the
first row of sense amplifiers from the row within the first subarray is to be transmitted
through the first set of common isolators to the plurality of global I/O lines upon receipt

of a read command.
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a nenory controller coupled to the processor and having a first storage

| ocation that the nmenory controller accesses to determne if the contents
of a specific row from which data is to be read in response to a request
for data fromthe processor is already cached by a row of sense anplifiers,
and to check if the specific rowis the open row wthin the bank; and a
menory bus coupling the control logic to the nenory device to all ow
commands to be transmtted fromthe control logic to the nmenory device; 61
wherei n t he conArohtrélbgg deticapenptisn@ mni row activate command and a mni

read conmand to fhe nenory devi.ce.li he contents of the specific row from
which the pr ocaeérs%?tof?%l @HqRdn &’c‘}l‘ﬁ? %erg}qgéggﬁtaw@%é@%yl gmr*b f sense

anpl i fiersye Buph o1l SREE ghlgn{opyvdé\gcéqggto;gae open row within the bank, to
cause the specific row to becong the open row within the bank and to cause

t he dat a cac hedcdm;»rot hegic ooupdéd sethedirstastplagé i@ason @ biecctutatutvithin thhdirstenor y
devi ce. ut er stem c rising: . a processqr; a.n ry.devi ce
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storage | ocation at the ' menory controller accesses to determne If the

contents otmeapeipwﬁnthmrtbwbamlomldv\hl ch data is to be read in response to a
request for data fromt al.r eady cached ﬁ% g rrow of sense

E ess is
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al | ow
wherein a mini read command is transmitted by the control logic to the memory

device if the contents of the specific row are already cached by a row of sense amplifiers
and the specific row is the open row within the bank to cause the data cached by the row

of sense amplifiers to be output by the memory device.

8. A controlling device comprising:

a first storage location in which data concerning the status of rows within a bank
of memory cells within a memory device is stored;

control logic coupled to the first storage location to check data within the first
storage location to determine if the contents of a specific row from which data is to be
read is already cached by a row of sense amplifiers and to check if the specific row is
the open row within the bank; and

a memory bus coupling the control logic to the memory device to allow
commands to be transmitted from the control logic to the memory device;

wherein a mini row activate command and a mini read command are transmitted
by the control logic to the memory device if the contents of the specific row are already
cached by a row of sense amplifiers, but the specific row is not the open row within the
bank, to cause the specific row to become the open row within the bank and to cause the

data cached by the row of sense amplifiers to be output by the memory device.
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commands to be transmtted fromthe control logic to the nenory devi ce;
wherein the control logic transmts a row activate command and a read
command to the nmenory device if the contents of the specific row from which
the processor has requested data are not already cached by a row of sense
anplifiers and the specific rowis not the open row within the bank to

cause the gpeci AicenirOink Qe i8S COBphidiey: open row of the bank and be made ready
for a read operation, and to cause the contents of the nmenory cells of the

speci fic row t oa bt sopigedotation in whiahf dagzeemecraing the setus of gows within dbarkached

by the row of sense . amplifiers, and.to cause the data copied fromthe
specific ?%W‘Qﬂr(y CéHE%&”b?/mteH‘éW Wl%eflséé’ﬁescg anplifiers to be output by the

nemory devi ce. dshtrofdpB¢ BOEhIEP PP THeSfirB0stodBd edcaiish RY cNRRIDRS wothi'@e firfe
contents of a specific row of nenory cells within a subarray of menory
cel | s or gastbrage lacation trutieteyshiae ifoths cantants if @repscifie eovwilframmashichcdahésitovtiet hi n a

row of sense,amplifiers; .62 determ ni ng whet her .or not, t speclLfic row of
romory o Td A Beadt Ghied W, £ E¥ s s R g% g Ir0Ge RRKSHC te s
subarray i fhelopeRtRdwithirths Bhilk;iang @ mni read command to the nmenory device

to read fromthe row of sense anplifiers a portion of the contents of the
speci fic row ofarmemery bupicedpling thee contood lokics émdlee amgrhorfyi devdce fo tahlew

contents of the specific row. have been i.,ed Lo the row . of sense

ol 11 or SCorRS B dehrn s ST LR SRR P R it SRR of the memory
device; and recghMefi0at/B8d REMiMa20 9ftrdnb@iteant e ies cirdl NBgRPRCIHE BemBdy Of
menmory. 15. The nmethod of claim 14, further conprising transmtting a mni
row act i vatlevicecdrtherednteotst ¢fetheespocific dewi are rvaabreadyheachpé biyf 4 cowod seosebecone
the open r gr\ﬁvpl?tfierg,%eut the specific row is the open row within the bank, to cause the contents of

the memory cells of the specific row to be copied to a row of sense amplifiers so as to

be cached by the row of sense amplifiers, and to cause the data copied from the specific

row and cached by the row of sense amplifiers to be output by the memory device.

10. A controlling device comprising:

a first storage location in which data concerning the status of rows within a bank
of memory cells within a memory device is stored,;

control logic coupled to the first storage location to check data within the first
storage location to determine if the contents of a specific row from which data is to be
read is already cached by a row of sense amplifiers and to check if the specific row is
the open row within the bank; and

a memory bus coupling the control logic to the memory device to allow
commands to be transmitted from the control logic to the memory device;

wherein a row activate command and a read command are transmitted by the
control logic to the memory device if the contents of the specific row are not already
cached by a row of sense amplifiers and the specific row is not the open row within the
bank to cause the specific row to become the open row of the bank and be made ready
for a read operation, and to cause the contents of the memory cells of the specific row to

be copied to a row of sense amplifiers so as to be cached by the row of sense amplifiers,
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banks of the nenory device if the contents of the specific row have been
copied to the row of sense anplifiers, but the specific rowis not the open
row of the bank of the nenory device. 16. The nethod of claim 14, further
conprising transmtting a row activate comand to the nenory device to nake
t he specific row the open row of the bank of the nenory device, waiting for

the row ackjjvgl & SORPRa BpRANRUR!Re shEAMSR dhCathod BRHERALeAR L he

menory device to cause a se f 1so rs to permt the ctontents o t he
speci fi c rampliferde eopitmd by ohd memoondoficesense anplifiers and to read from
the row of sense anplifiers a portion of the contents of the specific row.
17. A nethod conprising: operating a first set of isolators coupled to a

first row pf seg%gm?m;g;gt@;ﬁgoﬁl 1risiﬁ%sponse to the receipt of a mni read
command to allow data copied into the first row of sense anplifiers froma

first row of nmempuoyessed;l s of a first subarray to be output by the first row
sense anplifiers through.the first set of isolators to set of glohal 1/0
s that T urt EMochpriEe Fhang At 6 oat bgrk SLRbEhApRRE P B ne et
of global }{&dahi¥edidtdréRs, out put of a nenory device of which the subarray
is a part; and operating a second set of isolators coupled between a first
set of bit |inesmanory hentrdlier stuplemoathe pervsssonnamd hdvieg 8 first starsgrolosaidano t he

recei pt of _.a precharge co nd to 63 isolate the first.row off sense
anpl i 11 er sibAy B FGTECTY cPBROLE (ACESSEs 1 efeRRLIS f Hoc oM SRk APRFSIIGREt BPMon t o
precharge {hehidafaSt 188E r&dd Rl ksgodnied é§eq%@§trtble&lat9%n§Eheak?roéé%scﬁ}ri?‘éf‘r%d dat a

cached by the first row of sense anplifiers frombeing lost. 18. Thg nmet hod
of cl ai m 1dchédiby heowecahgnss amglibger atdi togehetle iff the spegft row is dwl aiearswt o
isolate the. fi rﬁt r ow oé sense anplifiers fromthe set of global 1/Olines
while all owtﬁ!gt € bank; an

a memory bus coupling the control logic to the memory device to allow
commands to be transmitted from the control logic to the memory device;

wherein the control logic transmits a mini read command to the memory device
if the contents of the specific row from which the processor has requested data are
already cached by a row of sense amplifiers and the specific row is the open row within
the bank to cause the data cached by the row of sense amplifiers to be output by the

memory device.

12. A computer system comprising:

a processor:

a memory device having at least one bank in which a plurality of memory cells
are organized into rows;

a memory controller coupled to the processor and having a first storage location
that the memory controller accesses to determine if the contents of a specific row from
which data is to be read in response to a request for data from the processor is already
cached by a row of sense amplifiers, and to check if the specific row is the open row
within the bank; and

a memory bus coupling the control logic to the memory device to allow

commands to be transmitted from the control logic to the memory device;
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the second row of sense anplifiers caching data copied froma second row of
menory cells to be coupled through the set of global 1/0 lines to the
out put of the nenory device and to transmt data fromw thin the second row
of sense anplifiers to the output of the nmenory device w thout data stored
within the first row of sense anplifiers being lost. 19. A
machi ne- accessi b} & E%hﬁ&’l iélergs %d§lrﬁlﬂlafomeﬁlv é‘%SM}faﬁdbalﬁﬂaa j0cessor
within an el ectronic device, uses ctronic eV| ce to: chec vvhet her
or not a nmeadcymohaud dxethesnmmbjeeloeﬁf ﬁmmbnmgtstdfehe:mbﬁ‘mtmmﬂ’rom whtichvthef
menory cells within a row of sens lifi rama mne ontroller
to transtrO%FSﬁ?rHi‘asrrS‘&\‘r‘eé@fil cﬁ g2 hﬁg bé(cat % éS%PSFd’W e\‘iv?n% hthehe
contents nse
anpl 11 or TGRS ISEENT ﬂ@ﬁ%%ﬂ%@@&ﬁ%ﬁ%iﬁ??‘%&“% PR BoR ST ow
of sense athpldfehers wathdh piioodraimaad nencauye clontetal taehed dyt theansw tof @enseni r ead
command to r g,d data cached wthin the row of sense anplifiers in lieu of
readi ng th%“ﬁ H’il?ee(&tﬁ’%;bﬁ’ tRHEROTY Ao menory cells being cached by the
row of sense anplifiers. 20. The machi ne-accessi bl e nmedi um of claim 19,
further causing the electronic device to transmt a precharge conmand
causi ng t hB.r ovAebmpetes sysaemplcofpasiagt 0 be isolated frombit |ines that
ot herwi se couple the row of sense anplifiers to colums of nenory cells
wi t hin a subar ral%ifiSPe the precharge operation to precharge the bit |ines
is carried out ST
ampl i fiers fro m§ §?§1§§’ %e@é@lﬂ&&lhg defeastGRe M WAL 4 PRirdiYVoP hneRfRs ells

are organized into rows;

a memory controller coupled to the processor and having a first storage location
that the memory controller accesses to determine if the contents of a specific row from
which data is to be read in response to a request for data from the processor is already
cached by a row of sense amplifiers, and to check if the specific row is the open row
within the bank; and

a memory bus coupling the control logic to the memory device to allow
commands to be transmitted from the control logic to the memory device;

wherein the control logic transmits a row activate command and a read
command to the memory device if the contents of the specific row from which the
processor has requested data are not already cached by a row of sense amplifiers and the
specific row is not the open row within the bank to cause the specific row to become the
open row of the bank and be made ready for a read operation, and to cause the contents
of the memory cells of the specific row to be copied to a row of sense amplifiers so as to
be cached by the row of sense amplifiers, and to cause the data copied from the specific

row and cached by the row of sense amplifiers to be output by the memory device.

14. A method comprising:
determining whether or not the contents of a specific row of memory cells within
a subarray of memory cells organized into multiple rows and columns are already

cached within a row of sense amplifiers;
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determining whether or not the specific row of memory cells is the open row of a
bank of a memory device in which the subarray is located;

transmitting a mini read command to the memory device to read from the row of
sense amplifiers a portion of the contents of the specific row of memory copied to the
row of sense amplifiers if the contents of the specific row have been copied to the row
of sense amplifiers and the specific row is the open row of the bank of the memory
device; and

receiving the portion of the contents of the specific row of memory.

15.  The method of claim 14, further comprising transmitting a mini row activate
command to the memory device cause the specific row to become the open row of the
banks of the memory device if the contents of the specific row have been copied to the
row of sense amplifiers, but the specific row is not the open row of the bank of the

memory device.

16.  The method of claim 14, further comprising transmitting a row activate
command to the memory device to make the specific row the open row of the bank of
the memory device, waiting for the row activate command to complete, transmitting a
read command to the memory device to cause a set of isolators to permit the contents of
the specific row to be copied to the row of sense amplifiers and to read from the row of

sense amplifiers a portion of the contents of the specific row.

17. A method comprising:

operating a first set of isolators coupled to a first row of sense amplifiers in
response to the receipt of a mini read command to allow data copied into the first row of
sense amplifiers from a first row of memory cells of a first subarray to be output by the
first row sense amplifiers through the first set of isolators to a set of global I/O lines that
further couple the first row of sense amplifiers through the set of global I/O lines to an
output of a memory device of which the subarray is a part; and

operating a second set of isolators coupled between a first set of bit lines and the

first row of sense amplifiers in response to the receipt of a precharge command to
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isolate the first row of sense amplifiers from the first set of bit lines while a precharge
operation to precharge the first set of bit lines is carried out so as to prevent data cached

by the first row of sense amplifiers from being lost.

18.  The method of claim 17, further comprising operating the first set of isolators to
isolate the first row of sense amplifiers from the set of global I/O lines while allowing
the second row of sense amplifiers caching data copied from a second row of memory
cells to be coupled through the set of global I/O lines to the output of the memory
device and to transmit data from within the second row of sense amplifiers to the output
of the memory device without data stored within the first row of sense amplifiers being

lost.

19. A machine-accessible medium comprising code that when executed by a
processor within an electronic device, causes the electronic device to:

check whether or not a memory device is capable of caching the contents of a
row of memory cells within a row of sense amplifiers;

program a memory controller to transmit a mini row activate command to
activate a row of which the contents have been determined to have been cached within a
row of sense amplifiers to make possible the subsequent reading of the data from the
row of sense amplifiers; and

program a memory controller to transmit a mini read command to read data
cached within the row of sense amplifiers in lieu of reading the data directly from the

row of memory cells being cached by the row of sense amplifiers.

20. The machine-accessible medium of claim 19, further causing the electronic
device to transmit a precharge command causing the row of sense amplifiers to be
isolated from bit lines that otherwise couple the row of sense amplifiers to columns of
memory cells within a subarray while the precharge operation to precharge the bit lines
is carried out so as to prevent data cached within the row of sense amplifiers from being

lost.
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