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[0002] As is 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 configﬁration 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
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[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
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4 WD 2005/ 066967 DETAI LED DESCRI PTI ON
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forth in order to provide a thorough understandi ng of
the present invention. 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 devices in which nenory cells are
organi zed into one or nore two di nensional arrays of
rows and colums, it will be understood by those
skilled in the art that the invention as hereinafter
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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.



vari ous enbodi nents, such a nenory device may have
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arrays beconmes one of a multitude of banks within the
menory device. [0009] Both upper subarray 110 and
| ower subarray 120 are nmade up of rows 112 and 122,
respectively, of nmenory cells (such as nenory cells
113 and 123), and each of these nenory cells stores a
charge representing a single binary 0 or I bit value
of data. Menory cells 113 of upper subarray 110 and
menory cells 123 of |ower subarray 120 nake up a
singl e one of many columms of menory cells spanning
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(06041l edIn the fellayingdeschiption, ferePufRnses HAXPERBRINH NHRCPBH er
subarray 110, such as bit line 114, and
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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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coupl ed via a corresponding isolator (such as isolator
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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 /O line (such

as global /O line 164) used to couple together corresponding sense amplifiers with
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accessing to another row of menory cells. Isolator
control logic 150 also coordinates the use of
W0 2058660965 t hat sel ectively couple the sense abql/U$3004/643672
of sense anplifier row 130 to the global 1/Olines. 7
WD 2005/ 066967 PCT/ US211114 /0 4 3 6 7 2 [0011] In
some enbodi ments, both row address decoder 140 and
isolator control logic 150 are further coupled to
status logic 160. Status control |logic 160 stores
i nformati on concerning which one row out of either
rows 112 and 122 is the row from which data was
copied into the sense anplifiers of sense anplifier
row 130, thereby allow ng coordination between the
tH&E _c&ﬁnérgmsaa QRS Blodecedasmdr§ Ghantio nake luattier arcayrif madmory
logic 150 to make use of occasions when data froma
SERAGEH BISCK OMnefas 100492 papi ed into the sense
a Ifiers of sense anplifier row 130 to speed up
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bilities of isolator control [|ogic 150 to control
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€co ect and control accCess to any given
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as been latched by the sense

%‘cgg%lﬁélr E{)%}O?%ﬁ/itﬁ@él}%g%&lg{oi fdw 1{@;}1\%\}%8% ! ¥r 1% BIFRInAYeske

anplifier f sense gtl?/eylso ' 'ethe S .
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FeparHe i obols cPbfE Top hebiop A FREHF oRle D) Alfer
OB BT e e s L UL B o O 116 and
e oo o e e E N ! HSRA BRI one o
gl\éogtl?er 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 /O lines.



incurring) time delays inposed by such operations as a

precharge to close a row from which data has been
W50 t he sense anplifiers of sense anpl i FAEUS2004043672

130 while simultaneously allow ng read operations

and/ or other operations involving that data to occur.
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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



subarray 120) to couple the sense anplifiers of sense
anplifier row 130 to the bit 1lines onto which the
webwsgewst rom the menory cells of the sel ect edPCTHUSANE043672
di scharged. During this time, the isolators in the
ot her one of either upper isolator row 116 or |ower
isolator row 126 are operated to isolate the sense
anplifiers of sense anplifier row 130 fromthe bit
i nes of whichever one of upper subarray 110 or 9 WO
2005/ 066967 PCT/ US2004/ 043672 | ower subarray 120 is
the subarray in which the selected rowis not |ocated
in order to avoid unnecessarily subjecting the sense
anplifiers to the extra capacitive | oad of being
goatpdyeditliia abhdmdry desict hatinga eow of senseamplifierithat is amplayed
of the charges fromthe nenory cells of the sel ected
froMich 7 RRNEEN S BrgeMbinbhedes/icethasiag samargok bidcks of memégacould
receive and latch the discharged charges fromthe
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operates the appropriate one of isolator control |ines
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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 4
cause either the isol'at(;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 cells 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
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transferred fromthe requested row across

corresponding bit lines to the sense anplifiers of
wa20s06@epl i fier row 130 can be entirely avoi decil/US2004/043672

I solator 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 anplifiers of sense anplifier row 130 to

correspondi ng global 1/0 lines, thereby allow ng the

data latched in the sense anplifiers of sense

anplifier row 130 to be output by the nenory device.
10 WO 2005/ 066967 PCT/ US211114 /0 4 3 6 7 2 [0014]

Furthernore, followi ng a menmory read operation where
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iR bdupBidso bafiaeethhhee dadwed muthel transfendf|phe chiayges fiom the
menory device, the row just read may be closed with a

RERSRAEUS 0P BR s@kbiedrowUThd\@ntd vmplifeeehof sgase angdifiat faom 130
the Bit lines used to transfer the contents of the

4 )é?&ﬁkdh%h@&iséﬂa?éedrcﬁwgeg fofnliike BEMSE @IPbf thiselsctadyow,

e isolated fromthose sense anplifiers via the

{;hgxé%bgtlﬁélfi?%\%{e fi%iéattgﬁrwaléﬂflﬁéd inSRd AkRory @lls bit the@Eletiodvedw.

| tor t ependi ng on whether the row being
| o )
gsg az(%%%ggéﬁilllggg ?Bfﬁﬂﬁfeig@%éagﬁ @k hfftobSatvohdbfiseIRPE Eontrol lines

\ 8 Engd By Lo :;h.gém ?L;ﬂiéfl%i'é ;gﬁltﬂlgt%éth'eﬁﬁi%?tﬂgr f
< tﬁe g?té?f%ﬁﬁé a%ﬁ???@?fo carrytéﬁt t%e_pr%%har&inéo
gt SEBBtTor e SRy RePif AphEo LR F GRS e da
gt 35 ik ampPbnT ot AdPTTGol Tha SRl e
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[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 /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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preenptive precharge) may be deened desirable so that
when a new row fromw thin block of nmenory 100 is

WO 210806@¢1 ect ed, there will be no need to, waiRC¥ 082004113672
precharge operation to be carried out before the new
row can be accessed. Such a situation where the del ay
of a precharge operation nust be incurred to cl ose one
row before a new row can be accessed is commonly
called a "page mss" 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

i sol ators described, above, pernmits at |east sone
precharge 11 WO 2005/ 066967 PCT/tJ S211114 /0 4 3 6 7
[B0DNer aFirtrsmaredfalveriag 4 pegIotyoread opssstiotavhere da@drigAugsied
parallel, and thereby affords a way to avoid

frdtf b MEving FBntpAty eharhae rtot alecady bedrt fatshed Bythinetke pRRstise
of such preenptive precharging, the |esser delay from
ARHIACRS dBndeh@nplEiar Fowvi 3guch tted) datnhhg to hrecamstertet érom that

| ongest remaining delay that nust be incurred (a

W td 3 ds RertsB @inplifiers RGO the Ya@aolRibezoutpade tempemdryatsvie,
way of referring to there being no rows still open).

1093w kst fead TSHRMMsEd WRARIfedalde@peR€ibat Daring thegr
row \A}t I n upper subarraypfllo,gev\dgere t he gi%en@r?\?vmi%g

é%‘f‘atﬁ)tﬁ[ {{xg %‘itI 13heQ & tb BLEr thdEoridiiiKoftthe Yoty cdllsaf khavfow
nor y i

S a part and the contents of the given row

%ﬁﬁ% Pe%n'sé zrﬁigl\éﬁgrﬁgxfﬁ?/ HeRIA £OmlthGe SEIkE AnipliBietsvi£th8 isolators

fier row 130 (both conditions :

8%[@?1%? }% | Q?Pig)f/a%%rergwqﬁﬁﬁ iéo%ﬁom'(déﬁéﬁd%ioh@hether the

e carried out wthout being preceded

?%Y) B%{{lg ﬁogﬁ]ﬁyytﬁtﬁ %rq%ggrrrgg Bﬁ%&l&&lg)s/ ARG hfer Sip4gdy 1 8Vor lower

W thin it operate the isolators
subarray 13 ns%ethzfat e dath fatched Wy %h%ge s %Biiﬁerts B€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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sense anplifiers of sense anplifier row 130 to

correspondi ng ones of global 1/Olines 164 to |atch
WaQ bseioer r ecei ved fromthe wite operation. |BOI/ES2904/043672

control logic 150 may also operate the isolators

wi t hin upper isolator row 116 to couple bit |ines

Wi thin upper subarray 110 (such as bit line 114) to

the sense anplifiers of sense anplifier row 130, and

row address decoder 140 nmay operate the one word |ine

of word lines 144 that corresponds to the given row,
to cause the data received fromthe wite operation

to also be witten to the nenory cells of the given

row across those bit Ilines. Were data received from
opbiativns dnd oppratians toraciess dits to euspi wdparallel, ad thendryyaffppdsa0
2005/ 066967 PCT/tJ S211114 /0 4 3 6 7 2 cells of the
viiyue Avéia WMcudsng/inle Ege neistgnd panakies. By makingseseoé such
anplifiers within sense anplifiers row 130, the
RERMRRE preehargiighthieha@se debiydrom eaivatingithe neosw manBequently
anplifiers are kept coherent with each other, as a
HeBSHE the 164keSQBARSIg daMahe: skt de incaned (edubtiambbtis

wite operation is not also copied to the nenory cells

%@@@ 81817 "p éév%mﬂt?'eas%)ﬂhﬁ&t Bfc@fing foaherenseimginy rowh kil

e contents of the sense anplifiers wthin sense

@gﬁiifi er row 130 cease to be coherent, because the
ontents of those sense anplifiers are now nore up to

@ %@n: gfg}{e]arfa%ggﬁgé;@@@t)ﬂ/ \intetd&&%ﬁom gi)(/eﬁ‘ £dv Svithi\ipper

y 'storing the data fromthe wite
SRR L7 o0l B LOARE s BEBRRpAUBREL L ot 8l s
S0P TELR AL s b tgabaast o b
S PSR L B b FRES, A
ge?ﬁ%s%c{icha{tend tt)yhsotgt?ls i%%grcofé()),ctﬁclz lw%te %@e\f\aq%%rm% 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 /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

12



di sadvantage arising fromstoring that data only in
those sense anplifiers is that the cache-like

WO 8066967 per f ormed by those sense anplifiers PEBEES2004/043672
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 |ost.
[0016] In other words, where data received froma
wite operation is stored only in the sense
anplifiers within sense anplifier row 130, and not
@llls of wietdiven roweas welhay heimelatchedby thesemsewmplifiowsiveithin bense
wite operation is directed, that data may be 13 WO
AP LSRRG T3P EE dodteBR 1of bdth thseAndnry Lells ateishoselsenseas
havi ng been "posted" in the sense anplifiers as well
ABpIEFHS hidkepttBhere AW RINE &L 18 axense Iaepitidst, svherd data
become descri bable as being "dirty" as a result of

Re%éﬂlgd FBMEhdRriteopdfiton i186t alddopie teihe Snedfory Rells e given
I's of the rowto which the wite operation was

ﬁiv& e Sfhtenfi s tﬁos'.'a\i\ﬁéni& 261Ks anARRS @dnteis M¥ithd se@vemhpiatidry

ave to be perforned to copy the dirty contents

%flfnesg %/24 aInFPlfﬁeI' Rey $80 C(ﬁf&ﬂe' doh&k#t, bétafsel e corlt® P those

rowto the wite operation was

? ns€ gﬁlﬁﬂ%erg DreGOR bty up ¢ t0 AR tRarSHE Bord&fof lﬁogeeiﬁ&h&%‘izells

wWite operation and Is stored with

%ﬁl Q{I%l J%Eo& dsny%&ugetﬂg Bt 80k the Hritd Berkef (;nq)y MGQ

I"on i Irected, this ehavi or
g%? :a]}nlpﬁﬂ%rs 1§ tﬁ%tt] zn irsng?(%}nreg If?rcmé 8&“? to IS)J st§£8 sél@f}sv?ithin
A RSB RS g
tfct}'?n o Intngl Wlp t%r g{)elzrgtTon 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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[0017] In another exanple nmenory wite operation to a
given row within upper subarray 110, where the given
WO 2mW50e96bt t he currently open row of the bankP@F/US#DE3672
bl ock of nenory 100 is a part, but the contents of the
gi ven row have al ready 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 mni row
activate command. That mni row activate command nay
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
dR&itid\ee Raviawbta esteditineissedse dryglifienyasaval ab qagsing the
incurring the extra delay to allow such preparation of
SRIREYofGRS $chisd Anpidieds @l RE6Eme Heselibitde aclsiig tlirty oapi are4B00f
may operate the i1solators 14 WD 2005/ 066967

qé%é H%%#t%”da(e%én Be Borfterds VF thb infens ) Sellsatphd foweto widvh the

to couple the sense anplifiers of sense anplifier

G o;%f*aﬁioh%a% Rais QARG L "HrRBeS UpettkioR @il i dhnlaliydave frbe
0 tc

the data received fromthe wite operation.
*I)e: K lﬂ%x%& fo &%}:tﬁ? lrl]irtlyQ:ght%nt} ?g% WitRinS e SRRE BhplifidtS into the

ors upper ator row 116 to couple bit
ity 6 R0 yARTRE RACHRATH TP, U e
b PG oS SRR PP aRER R {08
S app s abEmeBOREeqly of PEOY6S FRlcH Tl MY OrkRficlt | ©
Hiive i F R Pesher ot Tetreay of I8 DebERt Bepne gpplifer
sense anplifiers and tI,hose nme

vy _cells.
Apd the ppgmery|cplls, aforg o R Py ﬁﬁg@?tgta%g dhqsg memary gefls can

%g tsaigltt-]oe Irla?vettglg:n%?;cg d{Jr?rcl:ge ll'.h\é %grr%g r(r;u% Qte thé:Nr wiritteeop%?ﬁlro%F on
[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

14



Is stored only in those sense anplifiers and not in
those nenory cells, then the contents of those sense
W@ eeséaoer s becone dirty and a witeback oper aRGGHS2004/043672
those nenory cells will eventually be necessary to
preserve the dirty contents. [0018] In yet another
exanple nenory wite operation to a given row within
upper subarray 110, where the given rowis not the
currently open row of the bank of which bl ock of
menory 100 is a part, and the contents of the given
row have not already been copied to the sense
anplifiers wwthin sense anplifier row 130 (both
condi tions ‘perhaps indicated by status |logic 160), the
Within@ e @fplifierroway3doe copsle dedensevintptifiarsraf\sezse tamptifier row
command. That row activate command may be used both
190 ©R8AEHohNiag $8éS dNFotal VOQMea 6l rdstch drathed reteifedsivom the
that the given roww !l now be the open one, and to

REifPHeEitbhE ISTBABY dnk61 1bgicab0 bhlk§ alo\uperatedthe isoldvers within
‘accessed. 15 WO 2005/ 066967 PCT/US211114 /0 4 3 6 7 2

gﬁék AbREor$oR118 lt? IL 1Ebil Bks iR RSFeR b@barag 1116 Cduah a¢ it line

I'n sense anp rer row 130 to couple the sense

gi;]ﬁéls‘fb gl*e%&gﬁe%%lﬁfﬁ{éfseoofﬁ%eiaﬁifﬁﬁd W 1590 at ProwPsddRsP afusddedt 40

Ines 164 to |latch the data

anlg i‘?,hé’@%&%%@ \'g{;'r% e otf%vo?@é ﬁ{lﬁt 149 rt‘ha[t 'céﬁ’ésgbﬁés to ARiV&] row,

_ SO opera e isolators wthin upper
05 8 B B S b A58 O ey
SRt B3 N P P ervcn
BB Bk s B B RSP 0By i
S TRt EEb e e K PEBRnk A dio
rirsi sr:(ine%iﬂtyein ?h%%é ?énisg gmiplsi’ﬁecr‘g1 Eurlé r?gt 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 opén 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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out, then the contents of those sense anplifiers

becone dirty and a witeback operation to those
WOoremwsneeo6el | s wil | eventual |y be necessary to REEES004043672

the dirty contents. [0019] For witeback operations

to be carried out when needed, current information

pertaining to whether the contents of the sense

anplifiers of sense anplifier row 130 are dirty or

not must be maintained, and in sone enbodinents, that

information may be maintained within status |ogic 160,

possi bly al ongside information concerning which row

fromeither upper subarray 110 and | ower subarray 120

has contents that have been copied into the sense

BoRtdr Coard 16dic $50Bey opertkitid istlatoeswiliEa seisa agphitier row 130 to

enbodi nents, the timng of when a witeback operation

SRRSO Léﬁ@axﬁpyﬁéa@ of @Rt GhplEibr Byw [18Q iccotiesponditghmes of

menory devi ce of which block of nenory 100 is a part,

%ﬁﬁé‘l%h&&%ﬂ & Mit@th@ 88 kddelval Fdat the 8ks opeatitel dsdThtoe
en 16 WD 2005/ 066967 PCT/ US211114 /0 4 3 6 7 2 bl ock

?Jnu%? F%{cy 1 quga 14 o oﬂ% 1?&5’(@1%%@@1& Qpped iddRdtbradwor16 to

ng eno wr it eback operation to be

gcﬁlrpg d i hrzéétwm& L}?J e Qﬁﬂa}‘r%/ Y10 td¥Ge Q%H %fn%ﬁﬁ@rs Qf séhse amplifier

operatio be controlled by logic .

xgo)é% |apcé%o%v ?_51 O ﬂﬁ)/ I op: %Elﬁléa&le%orﬁ?iﬁg bY word lines

rnore mwl operati ons nay

B S P o B S
gags&?f@@@%m%d%esm?rgtcsﬂ%f%% DE<TE s e
ag%lg%;}ﬁ:&p\%rpéghopa%g 81'%%1%&' le' p %Pl;vt}r?telopgra? E)r? % cahﬁed .
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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couple the sense anplifiers of sense anplifier row 130
to global 1/0 lines allows the sense anplifiers of
waznses@apl i fier row 130 to be isolated from tIMEI/PS2004/043672
corresponding global /O lines while sense anplifiers
wi t hi n anot her bl ock of nenory are coupled to the
global 1/0 lines, and either transmt data |atched
within those sense anplifiers onto the global UO
lines, or latch received data into those sense
anplifiers fromthe global UOlines, all without
causing the data latched within the sense anplifiers
of sense anplifier row 130 to be lost. This use of
i solators selectively coupling the sense anplifiers
Hl&k%%rﬁﬁr?qm Qfill ABIBN a¢cdsOdll fand pelodbihihe ingeksughf for the
menory al each bl ock of nenory to latch a copy of

&ﬂ@h&g%‘é{%ﬁé{g & be QEriddONMe MASkra 8 6@ thy ofR@E@ncedftawiteback

eac menory in a row of sense anplifiers,

! Iea%%m{n %Vc'ogfr&%d béﬂs %g leQlerRE (RS nictndriaéviekd bachi Bra

out the nmenory devi ce. [0021]

Tél?ltagf? e gtrhliv %‘uﬁﬁ @erﬂé\glcg Sgéf‘rﬁttlérf%r}né%f oé%hshoﬂd]] Q)% in

‘the use single

erubes B%%%‘f%%‘r‘ﬁ%g? iy g 1%%%%"“33”
@@adfl&rg %{.p%ggegqgﬁllq etr E(g\é 1%{2%}) m %;‘Eﬁe g&%g Hﬁlﬁhﬂ%s Mlable for

enbodi rents in airs of bhit Ilnes are enplo ed
F&P‘%h%ﬁ?ﬁem%?%ﬁﬁf “ells to support differ entl)/al

si gnal i n h tha

@030% 1 2 | l‘%%?waeétag ot o SR EEP ol g ResietE by
e et samiou Fens FUBRB T 0 BBy IR dows e
depiction of nenory cells 113 and 12% é
samcc arpplifiers of sanet amnlifEer apw 1394 beisplale f%ﬁﬁefr cgfrespggding

and isolator 138 are specifically depicted in Fi
plobalrIfV lides while sense ampl?ﬁers within an)(;ther glock ofd memoryI g E:gup ed

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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exanpl e of an enbodi nent of an assenbl age of
conponents making up a single colum of storage
WaRaBsoer9pper subarray 110 and | ower subarray BIOUS2004/043672
within block of nenory 100. This depiction of
conmponents of a single colum should in no way be
construed to suggest that bl ock of nenory 100 has only
one colum, as any reasonable enbodi nent shall have
mul tiple colums, and therefore, the exanple
assenbl age of conponents woul d be replicated many
times to provide a nmultitude of colums. [00221
Al t hough the di scussion and depiction of block of
menory 100 centers on a configuration in which both
a8 ati i feadilgl récoprize habthis saynealissugsiarsandidepichios ef kiklindsaday
inthe art will readily recognize that various other
Nes5d plie@ tranbarmne:ss of which pairskof bitflines axeremplayeddoptaiymns
only one subarray or nore than two subarrays. Al so,
$fQherh$§ ceBadeRsuphort Hifferdnyial sigraling buthhBatextil afi daechnid it
the use of the terns "upper” and "lower" is done only
1RG0 et ABfeREd bi8ssGRFTBIbLIPIiAG HetRecarmemblyash and other
skilled in the art of ‘using the terns "upper"” and
o his! Q14 & d | S HeWoteURarthayrcific dbBiché of
o B e e e g P

I loﬂ’@i‘lts 345 QR$ 199, bﬁllfﬂ%@%@&d@mﬁ%ﬂa{oﬁ‘s m e | 1280sense
subarrays ‘are présent. The terns "upper” and "I ower

B S %, AP g £ St
depi cted in Figur . i.5: A
L S R
nqgt hi n nore .than woul.d th e :
35 SR ML 56 Bl R ok o
?nlélkl)l%;)r’_ ?808 "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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[0023] In various possible enbodi ments, upper subarray
110 may be nmade up of a quantity of 256 of rows 112,
waesheer subarray 120 woul d be made up of a PQUESROD4/§43672
of 256 of rows 122. In such enbodi nents, a quantity of
32 of blocks of nenory, such as block of menory 100,
woul d make up each bank of nenory in a nenory device,
and the nmenory device woul d be made up of 8 such banks
of menory. However, as those skilled in the art wll
readily recogni ze, various differing quantities of
rows per subarray, subarrays per block of nenory,
bl ocks of nenory per bank, and banks per nenory
devi ce may be enpl oyed mnthout departing fromthe
dipdusding anderaaameonsof bloeks ofunemnéryin adididweispbdrrayp are present.
clainmed. [0024] In various possible enbodi nents, the
TE kAL TuppH’ fid Moserishodmbi bd tekerr aswlendtBE anyfotm afrelative
i solator 138, may be inplenented as |ogical OR gate
pificalscationi@pBMEftati@Softthose sibirriysdepiatetitie Figure i [ other
readily recognize, the various isolators coupled to

%fa% ShRATRE bif 8 kSmWi'tifelt’ &RANSEya@NT hédneto acosmpl muhinpe
inpl emented with any number of possi bl e | ogical gate

ié'lofectﬁhﬁ wolld 1ot {ARTof &drRs ki HsC'figst T &idl sécontit hadistinguishing
eparting fromthe spirit and scope of the invention

?%WES%&’@%&%?' ai med. 19 VIO 2005/ 066967 PCT/ US211114

025] Figure 2 is a sinplified block
@i Em%h% g%gﬁgyﬁ%&iﬁﬁe! jeP ShiArra 20K mf bBRTFAE Mp of

|s a menory made up, at least in

e

16a-d, i sol ators

0, B A b2t
g%?r}ﬁ)é gflchnzlieslmoéﬁ o rﬁelznrfoqy Y80, Blake 98 Yh&Sank BPFfemory 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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in the art of the design of nmenory devices wl|

readily recognize that Figure 2 depicts one formof a
WO 200a0669¢1 y si npl e bank of nmenory, and that alREFHSR084/043672

enbodi nents are possible in which the exact

arrangenent and configuration of conponents may be

reduced, augnented or otherw se altered w thout

departing from the spirit and scope of the present

i nvention as hereinafter clained. For exanple,

al though for the sake of sinplicity of discussion,

bank 200 is depicted as having only four nenory

subarrays and each of those subarrays does not share a

row of sense anplifiers with another subarray (as was

@9@5]“ hidute lEiiQh‘ Kigaplitied blockididerde of @Rctinhbodirert etmployi a

tthose Skilled in the art that other possible

SR lrxrg«[:?roﬁ%? bgn . ar{(sj %%an HBMeR6ry RAtR uppadtast irf peef, bNg

nunbe or the rows of isolators may be

%gég)g ﬁ)()a_td%gﬁ oniég%&ggigg%h%e iy 1iflcR02h-dHaasdIavs 216a-d,

are ea y cells organized into
Gt 2065 RN JREEpef Bl (P AFRRIQEIGR] B, Ponk 2001
g o e PR st itrkgy Bibicelp EnlBbn Ry Pibierlied
st of BsdeHen RO PETORLIN 6% "y o B2l Biggre
dopits 0 JagTpTA EAEcE) DI Bkl AT R L et
ol 90 R 2P S SR
e R S IR
data mul tiplexer 268. Colum data myltipl exer, 268 i
érpipintedd seopsoff ghetprogencinvertiongs heisanaligy clglmg ofFOr 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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I/Olines 264 are selectively coupled to other |ogic
out side the nenory device of which bank 200 is a part
WQ 2008066097 dat a to be either output by or inputP@EUS2084/043672
sel ected ones of global 1/0 lines 264. [00271 Rows of
menory cells within each of subarrays 210a-d are
individually coupled via word |ines to row address
decoder 240, operates those word lines to select a
single row within each of subarrays 210a-d to be
accessed. |solators 216a-d are individually coupled
to isolator control |ogic 250, which at various tines,
operates isolators 216a-d to selectively couple
correspondi ng ones of sense anplifiers 230a-d to the

v%i c*orﬂeéqg)%ﬁingfonw&ff {65 RBATI3RE daB esrr&¥posdiag bAayE gbAbHd lines
t ot her I

imes, isolator control 1ogic operates one

264 H‘H[\ﬁ‘l, sk ﬁ&g%ﬁg ?3@&1@ areoliflcl figbajifthe comb@anansti ng

nes of 'sense rers 230a-d from correspondi ng bit

o ?nsggré igg Al 2%@%& @E‘S\ﬂg}r@fiﬂes%hlﬁ c¥fuinhidataGR|tiplexer

arrays those bit lines are
B EPRREGed B Pt Ll oty sgase ot
G R e R T A S
i HeenkGiD i54 Pic A0 G607 er OB EEY £ et Pt wigg

[0028] In_sone enbodi nents, both row address decoder
opapofelabal 4} hres2%¢ont rol 1 ogic 250 are further

coupled to status logic 260. Statuys con [, 100 &
[802Hles Rows 6f REMOBHC ma@erh?fﬁg of ity e %sgfkd?‘sﬁ‘?a%
subarrays 210a-d is the row from which data W%j o
avopled tfia word lies toaopaddrasydeneder 0. epayales glﬁiﬁ Verdepngs to
230a-d, thereby

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

1/O lines 264.
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al  owi ng coordi nati on between the use of row address
decoder 240 and isolator control |ogic 250 to nmake
WQig®s5/06690t casi ons when data from a specific roRCT/HS2W048043672
of subarrays 210a-d has been copied into sense
anplifiers 230a-d to speed up accesses to that data.
Thi s coordi nati on between the capabilities of isolator
control logic 250 to control various isolators, the
capabilities of row address decoder 240 to sel ect and
control access to any given row, and the capabilities
of status control logic 260 to track what data has
been | atched by each of sense anplifiers 230a-d nay be
enpl oyed to operate, and selectively isolate/couple
[@ezg] of Isescembgliménts beth2B0eaddrdsn dexoder 24Oy ispdatercontrol
al l ow each of sense anplifiers 230a-d to serve as a
fopics0fard Ritheiodpled 86 fiatudTogttend. rSratds Eortrol tges 260 sidres
rows of menory cells within each of subarrays 210a-d.

TR RRHYRAESREITANEEh kv irfacRbf sbatragidti@as! i éxaderfrddO,
Isolator control |ogic 250 and status | ogic 260 may

hif 39& mbparé]g )ﬁ’m& eo@ésg&:imﬁg bifeslvt densé anglifitle@seby, thereby

avol d 1 ncurr time del ays inposed by such

gro%iﬁ‘% L@&ﬁinﬁﬁ%&&l 88 dfRowEda®Ss deco@Y 240 add Ysolii®
of s

ubarrays a-d fromwhich data has been copied to

g?nrﬁ [Or leczgl?gﬁi}ﬁ%e Qe oiDJccés?(g% QuiiRlatsf frth 8 sp9Bc Fbwhi dah of

'owng re operati ons and/or other
R e e e e
Bt 15 g v G5 ool SEiselo AR RARES0
i canadl v B o crp PabReSUPur Rk S BB HO oot and
APHRTGS 6E0% CXa S, LAY FPE SR GT oS (pyRETaRle 280 o
éﬁ&é;ﬁ&%ﬂtﬁ% b\eI:\QnelratechE:cP l?y ga% to? rs]érf’se %Inpiiﬁgrts 2368 %a?y bQOt

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

l 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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currently latched within the sense anplifiers 230a
(perhaps as indicated by status |ogic 260), row
weaawseegectdecoder 240 sel ects the desired row WETHUSR004/043672
subarray 210a. During this tine, isolator contro
| ogi c 250 causes isolators 216a to coupl e sense
anplifiers 230a to bit lines coupled to the nenory
cells of the selected row. The nenory cells of the
sel ected row di scharge the charges stored within those
menory cells onto those bit lines. Sense anplifiers
230a receive and latch the discharged charges from
the nenory cells of the selected row, thereby | atching
the data that was stored in the, nmenory cells of the
260)ex taegk memoryl devlicahaying onitipdé ohesgf bas20G epuldies provided
causes isolators 238a to couple sense anplifiers 230a
tvith @l folm bf Aotd whdenmsh2G4tent dfeoatigeralllelsed ng t he data
| at ched by sense anplifiers 230a to be transmtted
pOR9Bs Jlopbedmgledn alnenssy 260 dperatioh wimarectitaafrom a row within
mul tipl exer 268, at which a subset of the data
SRR 0L rédhestsdl hid Whe¥ &e cdafenisSof Sigdt eew et rndlreudyput
by the nenory device. [0030] Also for exanple, in a
BRTEHLY 1568l WiIgh did sehsel dnfifRry TB0a\(hdriaps o8 itkidatatlby stdka
where ' the contents of that row are already currently

i(%ﬁ&m, Wt dHdResS B2 8er AOREIeEd BicSdedBEBrdvPRIthiARSbAfay 210a.
I ndi cated by status |logic 260), the delay of waiting

b%fin% dat ﬂfr{eoisgﬁto'f LIRS piesh( ERRRsiNRatbRPY68 ichupRWehs
anpl 1t ded

sens lers 230a can be entirely avoi .
LRI Z0R ok oo St . 1
TRt o i B A8, e o
PR B 590, S AR 50RO gt

% aqggst frc?rl;l tltlehneler%g}yacehg gp t?lgn séltec gd %Oc\)N, rgllijelré‘ti)ypllatecﬁl%rg tl%e6§atél 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 globa1 /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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sel ected and output by the nmenory device. [0031]
Furthernore, following a nenory read operation where,
WO 200586@0pl e, data is requested froma row w RCEN/ES2004/043672
subarray 210a that had contents that hadn't not
al ready been | atched by sense anplifiers 230a such
that data had to be transferred fromthat rowto
sense anplifiers 230a before the data coul d be out put
by the nmenory device of which bank 200 is a part, the
row just read may be closed wwth a precharge
operation. During the precharge operation, the bit
lines used to transfer the contents of the nenory
cells of that row to sense anplifiers 230a may be

isolated fromthose sepse anpl ifi via isolators
962 (. gobH 4O Ui 1ade oI BE p1aPE sl Jaichsfipitin Sense
amplifiers 216a is not |ost._ Taki advant age of. this
adsnnlifieys 2302 saibe tansgpitted g5FQse 9&5 %B?Se%@éiﬂg ugy ‘la%?e

bit lines coupled to a row fromwhi ch data_ was | .
copltiplexoitheat vligles Sesetal i RRISEAS G iRRMg e 108 i
anplifiers 230a continue to take place and before
asetected rand owipwi byniba meniyay dejice210a 1s sel ected for

access may be deened desirable to avoid incurring the
d®nal] as Fodheatmerk, fliowing prgeion gad omeieon whese Hay gample,
operations and operations to access data are able to
odatais requeptad &loired rovawidhia splrswly Bll @2 thashasreategts that hadipfenot
mss is converted into a page enpty. [0032] hi an
exlpaapy Beansamhed by sense apdifats 290 sechetheyi datrhad sobovransfgired
subarray 210a where the given rowis the currently
ofien thawwho bmsk aRplifianBalvefaroticaiatascoolid R4uiyot by the
2005/ 066967 PCT/I1 S211114 /0 4 3 6 7 2 the given row
haxgiol dadyof hem waRi2ee istapaseths eow st idail enay R30esed with a
(both conditions perhaps indicated by status |ogic
26R}harkd\6petione DRPIQE dlid frechatyy operatiom, thebit bods uaéd todtansfer

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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bei ng preceded by a row activate operation to open the
given row. |Isolator control |ogic 250 may operate

WO 295/866065 238a coupl e sense anplifiers 230a tRCT/US2004/043672
corresponding ones of global 1/0 lines 264 to |atch
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 |ine that corresponds to the given
row, to cause the data received fromthe wite
operation to also be witten to the nenory cells of
the given row across those bit lines to nmaintain
coherency. In contrast, where data f?cei~ d fron1%Qe
whe gizen wyehaye abpady PepbEORIT SERsH ABHE e S@ﬁga (hothprqpditions
cells of the given row,_ the contents, of tgose, nor vy,
qettiaps mditatef by statitsdngis 269). hegie gpRIRHGD BRY %%Jag‘ﬁ%ﬁth"“t
to be coherent and a witeback operation wl|
dengtuedelisd hiaa v ectiveteepetafieritonpen s F¥Ioph dSUAT eanfrol
of sense anplifiers 230a to those nenory cells, but
tlhgic 5@ may lop¢rateiisjatofs 28Rz caupie sensegpemdieroB Ogds ceyeesponding
reduced, providing an opportunity to carry out a nini
Vet of glop /a) Tirms 264 tdlaghdhd data wweeived fromithg Wejte operation.
i nstead. [0033] In another exanple nmenmory wite .
opsla@t tarrol gic 2iovaay alswopsrdthisplatcssBEiarta porplehit Waes within
the given rowis not the currently open row bank 200,
bsmbaﬁ-dgezwa anerisd smplifidri2sMi sirowaddivay decalleredymadyeaparate
copied to sense anplifiers 230a (both conditions
PeE RARBlinddhtcateshonys witht gisel myi, co @669 thetdat regdived from the
operation may be preceded with a mni row activate
CR dratidi & al€d BY wHiow Bakd Mameryaeitahitie gien 26w Whoss those
2005/ 066967 PCT/tJ S211114 /0 4 3 6 7 2 be used to
CHRafReR tb hRitah tcbﬁhlgeﬂéfy. LOvénadsll Ese daoeteived 4O ns the twrie

the given row w |
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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becone the open row, but w thout necessarily preparing
the menory cells of the given rowto be accessed,

wWaQ bwse&poavoi di ng i ncurring the extra del ay t oPGH/US2004/043672
such preparation of nenory cells to take pl ace.
I solator |logic 250 nmay operate isolators 238a to
coupl e sense anplifiers 230a to correspondi ng ones of
global 1/0 lines 264 to |atch the data received from
the wite operation. Isolator control |ogic 250 nay
al so operate isolators 216a to couple bit lines
W thin subarray 210a to the sense anplifiers 230a,
and row address decoder 240 rmay operate the word |ine
that corresponds to the given row, to cause the data

received fromthe wite operation.t | s witten .
(g e chemasre aTLO g aareq drgnder o 52 ol e dhisb oSy i

| i nes, thereby maintaining coherenc tgetween éFElg
dsaeme the apen Kk dat ‘aﬁmqtfleéﬁS%aﬂimf&P%é HBEBORLERYS of the
cells. Alternatively, if a mni wite operation. is

cgiveni Tew tobe aqdeesed, theiebyiayaidipg gsnyig the giH2 qelfy tgeflow such
operation is stored only in sense amplifiers 230a and
noeparationing seenmeyroells to gk pace + elataregie &3t WAY gPepte dxolaiers
anplifiers 230a becone dirty and a witeback i

o188a at apld nterosifieesrAs0y teedrfespanding ange pt glabal /Qhlines 264 to
necessary to preserve the dirty contents of sense
alaphitd @tsre2d0al frfd @84y riteropyetiomnbplator centeahiogic Axtway also
wite operation to a given row wthin subarray 210a, _
Whiek e Isbiatags Y to ovuplesbin tinestwithio subagny R{Oatpdhe sease ampplifiers
bank 200, and the contents of the given row have not
ab3Rashd toweddespdeedddra46 enyeperas thé werdli®3bat cofrbsponds to the
condi tions perhaps indicated by status |ogic 260), the
WilvE:BroRn €6 eduk©the ay: réeivedfane thedvrit bperatiomw alsotbiewaiteen to
command. That row activate conmand may be used 26 WO

200 PR 6dlIsRETH fenlrbddactdds thoSe bit in, 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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both to change the setting of row address decoder 240
so that the given row w |l becone the open row within
Wh20k/0&007 and to prepare the nenory cells of REEUSA0EM3I672
row to be accessed. Isolator |ogic 250 may operate the

i solators 238a to couple sense anplifiers 230a to
correspondi ng ones of global 110 lines 264 to latch .
the data received fromthe wite operation. |solator
control logic 250 nay al so operate isolators 216a to
couple bit lines wthin subarray 210a to sense
anplifiers 230a, and row address decoder 240 nmay
operate the word line that corresponds to the given
row, to cause the data received fromthe wite

operation to also he witten to.t cel | s of

DG Giobarecr bR $0¥ ieSSiep ey AR oq gy efn iy Bl
write-through manner. = Alternativel if a mni W{'te
bpegrag thepprevavithiadapk £0G gedyio malfaf%/ fhe memory F&bﬁﬁ ttt’ﬁ"'egwe’fl
wite operation is not also stored in those nenor

cewlte be a¢ressed hBsotagnidegie 35Gmay H%éteé@rfé%‘amé%?gﬁgﬁf? %‘f%’le sense
becone dirty and a writeback operation to those nory
ceipligiersi 3302 tecaresprading apes eferlelal H3 lines 26¢ islaichdhs ¢pta
dirty contents. [0035] For witeback operations to be
aagetiveddram thewnin opereidiend , Iselafior eentrol lagicotIPenosiso operate
pertaining to whether the contents of sense anplifiers
AQarors Zi6e talauple ot linen stithinssbaiey Heare sgnseamplifigs £30a, and
some enbodi ments, that information may be maintained
Wotvhiddress aédoder 246 intay2peratepbe wiobd neathatrgsiesronds to the given

i nformati on concerning which row from each of

siehaty ayse i Aatadedeinsd font thawsite beeratiante alse dn vtish éithe
into corresponding ones of sense anplifiers 230a-d.

| ReBOREceBEbOGE IBRh Sow hdresstthaserbit lnfes invheriteathvavigh elvaor
operation takes place nmay be controlled by |ogic

WA frdthivellg if ARID itelgeranaf caed butlsactktha20Be dafa fropathe write

per haps based on an algorithmthat seeks 27 WO

29&52(’[9)@@9@& 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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PCT/ US211114 /0 4 3 6 7 2 to determ ne when either al
of bank 200 or whichever one of subarrays 210a-d has a
WO 28s5Me@6l ng to be put through a witeback opeRGE/US2004/043672
will not be accessed for a period of tinme |ong enough
for the witeback operation to be carried out.
Alternatively, the occurrence of a witeback
operation may be controlled by logic external to the
menory device, such as a nenory controller.
Furthernore, witeback operations nmay occasionally be
necessitated by the need to renove dirty contents for
one row fromone of sense anplifiers 230a-d to make
those sense anplifiers available for |atching the
contents of another row. [0036]. Figure 3.is a
40 Agpininewhen eigher ail a@P%QbP Op WHichRTES 8?1?18%%“%@%(5&319?78 hgs a
menory system Menory system 300 is nade up, at |east .
irow peeding tofbermanrBrrgughcotiebaokperation Hrlnadesicgestrd\fpr g period
390 coupl ed together via nenory bus 380Q. Those i
sifitiitledong enouple farrthe writeback apexstigh tobe srEgst Quts (dipmaiively, the
will readily recognize that Figure 3 depicts one form
afccaranet of 4 weltapasl operasiomamyrbe copiselad bydagicentginal to the
alternate enbodi ments are possible in which the exact
aneacng eleint, sacdascoméngryr@nirolter o Furteeymotm shittepagh gpasaiions
reduced, augnmented or otherw se altered w thout
depasdchdignally demetdssitasgl byi the aeed te copevectirty pentgnteios ane row
invention as hereinafter clained. For exanple,
alkdrh OO Bf FPBFDANPIET}eEd Z30a3100 niake teyse sdnsel amplitiery pvalable fgr
one nmenory bus 380 and only one nmenory device 390 for
t hehsakie @nttggilanetheyroiwn t he di scussion that foll ows,
it will be readily understood by those skilled in the
a%)bss]h at FpiupeB iPosaiphified bleobadprmendione ervedinent eyplowng a
300 may be made up of multiple nenory buses and/or
d@¥in6S8SsystéB. 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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WD 2005/ 066967 PCT/ US211114 /0 4 3 6 7 2 [0037] Menory
controller 370 controls the functions carried out by
wWoremwsivgeoctevi ce 390 as part of providi ng accesRCT/BS2004/043672
menory device 390 to external devices (not shown)
coupled to nenory controller 370. Specifically, an
external device coupled to nenory controller 370
i ssues conmands to nmenory controller 370 to store data
within nmenory device 390, and to retrieve stored data
fromnmenory device 390. Menory controller 370
recei ves these commands and relays themto nenory
device 390 in a format having timng and protocols
conpatible with nenory bus 380 and/or the conbination
of control logic 391 and data buyffer 397 .that .nmake u
t[ALS7] nt eMemesy casdroleret UrfanBely thedUReions eI iSh U hy TiPY°
bus 380. In effect, menory control[erﬁi%g coorqinates
ateriss 383 aspateofingo Yiging agceselo mBenpy Weyic foyexirags! devisgdnot
in answer to read and wite commands from external
ddowokeupled te meport cantrollerdy8. Spertisallysan exterpaldeyigg coupled
enbodi ments, menory controller 370 al so coordi nates
vtamienesy neitrellen3itiesues pemaendsiie memery pemtollse3 P siorgdala
to ensure that data stored within nmenory device 390
i witlin eserore devica®90uaiichig rethievd sipred deta dipnpmepegideyice 390.
refresh operations and/or the occurrence of precharge
Oplematy angobatdio ecceaes deseemiatis 8hd ways theny tismggory; device
made up of various control, address and data signa
| 3906is adorupt haxgng toétghed pretnorlycangrtiblel Widy mgmoryals 380 and/or
menory device 390. The exact quantity and
cthacagb@htic éfasndl logie 39 hnnddma buffamaP7 Hahewkerak thegntagface
vari ous possible enbodinents of nenory bus 380 may be
CRitlvbGhadoty@ebie 3OO aidpenaly tes B80.hInaeffect fmenzory gorsesdler 370
of possible nenory interfaces, including those neant
t SodRBnAeRAEIE Badefb tofenkorpvellstwiges mefonpdovige 3PONin aesyer to
anmong t hem bei ng DRAM devi ces such as

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
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29 WD 2005/ 066967 PCT/US211114 /0 4 3 6 7 2 FPM (fast
page node) nenory devi ces, EDO (extended data out),

waelewsogest VRAM (vi deo RAM), WRAM (wi ndow RAMCT/GEIR04/043672
(single data rate) DRAM DDR (double data rate) DRAM
RAMBUSTM DRAM etc. In sonme enbodi nents, where

activity on various signal lines is neant to be
coordinated with a clock signal, one or 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 enbodinents, one
or nore control signals and address signals nmay be
mul ti pl exed onto comon signal |ines such that

control signals and addr.ess_si | s. ar transm t

FPN P epepots) SIS SEuORD R aER G ey BTt R M
si gnal s_between nenory controller 370 and r

e R AN WH Y AR S e DBl i et sBREDBAN iR
address signals and data signals may be nultipl exed
gadublcdataneie) IRy RAMBYS™ DRAV iefa Tp s¢1a¢ chptmesnyRere
addresses, comands and/or data may be transmitted in
PB6HEL ¢n vdridA8aEndl tinvwis nmwast tebbedondented, withenelpgk dgnal.cme or
390 is a DRAM nenory device wth an interface nade up
Ghoré @PtHeQ@lgnbi0gies, Retkpaiid cdatral siutfaf kues 3@Tves onfranguiterclodk
be interoperable with menory bus 380. In sone

QTR IRBSmeABRb i 6lRY 30 adDfieinsryadevite3§0.e lii sumegr at ed
circuit. In other enbodi ments, nmenory device 390 is

NBGR dHRer®, ond'dH thomlcentrdltsegaRtaad addresusignalsahayebe multiplexed
renovabl e menory nodul e, such as a SI MM (single

i &hié@nﬂ&m ol MRELLRD thaBt&Rrol SicAgh end aldkdse sighals are

package), DI'MM (dual inline nenory nodule), etc.
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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30 WD 2005/ 066967 PCT/tJ S211114 /0 4 3 6 7 2 [0040]
The nmenory cells of nenory device 390 are grouped into
worgdoso@oe7 banks, such as banks 399a-399d, w tPCEEHS1004/043672
bank bei ng nmade up of nultiple subarrays, as earlier

described in detail with regard to Figures 1 and 2,
wth the nenory cells wthin each subarray being
organi zed into rows and colums. In sone enbodi nents,
control logic 391 receives at |east sonme comuands and
addresses fromnenory controller 370 through nenory
bus 380, and carries out those conmands through bank
control l ers 393a-d, columm address decoder 394 and/or
bank selection logic 392 to access one or nore

speci fic portions of one or re banks 399a- 399d.

nl | e memgaicalieelBeuoy deRicn 2o py Haied gip R e banks,
menory device 390, the address of _that_ nemory cell is
ctoas ol 399498 it Sob AEK Bives AN EEHDS TPy

controller 370 to control |ogic 391 of nenor deviﬁF
3adien describehivrdptall gthgegard g kiguyes hand Bapikh the gigmary cells
colum of the given nenory cell. At |east one of ga K
ouifttin eddhenbarry IR Ergchr ganized A0 reRetiatsh,CobE RSy dN Spag PR %‘gTents’
with the row address and decode the row address to
seheditlogi 89 hpwEeiops itdtast somissgonzyangds @n¢ addrespesgfrom memory
correspondi ng one of banks 399a-d. Bank controllers
393a0lleral76 throught mehorytbas B8Aaat gasien et/ these semaands through
amplifiers wthin the appropriate subarrays within
arak cofitrdirGo33@9enldmh addrassrdgcader 3h anddurdrank elegiiogflogic 392
access operation is being carried out on

t B @c@RP bRdr radre spaaiicafordorgiof ene osmbraf dynks|399%a3Aehner

not unli ke what has been discussed with reference to

FQHeE 8T, tolgaanabcess th & aleaiopy sclbeitiimencmawslevte A¥hntreyaddress of
cells and rows of sense anplifiers are wused to

siBhi&Rs YS! %11 oMM L dTehide prtythatedrt satsmiticbysmemery controller

anplifiers to facilitate the
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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transfer of data between the nenory cells and sense
anplifiers as part of carrying 31 WO 2005/ 066967
WEDDANHIS211114 /0 4 3 6 7 2 out access oper at POHES2004/043672
whil e al so being used to selectively isolate those
same nenory cells fromthose sane sense anplifiers at
other tines so that the bit lines transferring the
data fromthe nenory cells to the isolators nmay be
precharged without data stored by the sense
anplifiers being lost. In a manner al so not unlike
what has been di scussed with reference to Figures 1
and 2, other isolators between those sense anplifiers
and global 1/0 lines leading ultimately to 1/0
selection nultiplexer 395 to mhich,tPQSﬁt§§$se
anpaccessoperatiprs, wibile alsp hepg utedp FLEFVEIYUPUMALRSE Ame
enabl e the transfer of data between nmenory qgv'c .%90
amonarg wolts)frero thase banag segsopmplifiersat pEher {ipieaso t h&l'}g E‘t mnes
I sol ators between the sense anplifiers and_the gl obal
TaBsfeirimgshe datefromeabe memow eedls 1o/ BE ysalaiers Moy bEpERBagEHse
anplifiers fromthose global 1/Olines to avoid .
heitiongdaastaredibyrtecisdnye saplifiersbapg ote 18 ampagaeigp not unlike
subarray being lost as sense anplifiers correspondi ng
tywhaa R then dsuiaed aith eefgane to Kigures hand &y other igelptqrs between
across those sane global 1/0 lines. Bank sel ection
| tR6HeGeR Anipsifiprsamil giballyO tioet leading wigimatedpto UQiselpctione
bank sel ection portion of the address and directs the
%ﬂﬁi?&ké@% 16 RAidhf th&x@sknse aomplifieds lagr w1808y doupbedciguitymately
out the functions just described. Col unm address
AgGBE e tralfer b8 dfl batwdedmbmonoadivicel39D agd meBO1Ly eantrivlleniFo.
col um address portion of the address indicating the

aRPERRTHAdsehosd 1WhM{oss bdiweddahasnes aaplifianahdahe glybali 1t lines
bank sel ection 1logic 393, colunm address decoder

ORELAIGS st 3B/ i86Thie FRbsBBdiise RnPHEErs BOM thosesgiotent 1/0 lirfee to
appropriate col'um(s). Data buffer 397 |atches data

bR RBn ik S £EcbRH bh 8EB @fhplifiers 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 1/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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menory controller 370 and 1/ 0O sel ection multiplexer

395 of nenory device 390 as needed in support of
waamsoeagetat a transfer timngs. 32 WO 2005/ 066BBI7US2004/043672

PCT/ US211114 /0 4 3 6 7 2 [0041] In sone enbodi nents,

menory controller 370 and/or control |ogic 391

mai nt ai ns bank status buffers 379a-d and/or 398a-d,

respectively, corresponding to banks 399a-d of nenory

device 390, in which various types of information

concerning the status of one or nore rows of nenory

cells wthin each bank is stored. Specifically, each

one of status buffers 379a-d and/or 398a-d stores an

i ndi cati on of which row in each subarray of each

correspondi ng one of banks 399a-d ha% been read. and

deedidd bin somesabadiients sremosbesiaten 1 Oardor sem! g 391

(i.e., contents of that row copied to sense )

angihiafris drsk saupbelfers 6&%@%@@&5a—éyl)e.spe)&lﬂvﬂbsm@ﬁefﬂ?é‘dmg to

provi sion of both bank status buffers 379a-d and,

398ks 30%El/ofmemey cevive 490G dn Whish yAdeUstty P Ob BHBTPR}OBNn

various characteristics of menory bus 380, including

t donterging pieattacodf, onk an dehatovws@f premors Felssvithin each bapk fay

be deened desirable for both nenory controller 370

adiete€.0Bpacificallpgiach G@loftsatwsduififersed 7Ae-diand/ar BRead stores an

i ndication of what rows are cached by sense

aiMBichi dredfsvhiet ©w iveatr subawnt ofxdakle corBFporaiiny ene of barlsci99a-d

logic 391 may rely on the contents of bank status

bisfheébread i@t hcasiifyosensOfaplifiers compled ¢t ihatsuparray(i.e., contents

det ermi ne whi ch conmands and/ or operations are needed

t f th@lrbwRYFied o Ghuenplifeeecapledad tat subatraydi Hgthahglt ther

data froma given row in one of banks 399a- d can

S higRisionk® bb@asink k@i BaEES 379a-i and 39%aadimby be perseived as
anplifiers, or if additional delays nmust be incurred,

2 tétgPr\)/(ga?té depcadimglon vatib@yeat AR ribass of ieetoay bes 3800iucluding
timing, pro’tocol, 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 deterrhine 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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mni row activate, etc., before an access operation
for data of a given row may take place. 33 WO
WQOBSHee6067 PCT/tJ S211114 /0 4 3 6 7 2 [ 00428CT/HS2004/043672
enbodi nents where nenory controller 370 does maintain
data concerning the status of open rows and cached
rows within nenory device 390 in sone form of storage
devi ce, such as bank status buffers 379a-d, but
control logic 391 does not have correspondi ng banks
status buffers 398a-d, then nenory controller 370 may
transmt differing variations of read, wite, row
activate, and/or other commands to nenory device 390
to nore directly control the manner in which various

ogerations are carried out within %y denge 3%0 as
50042} 1 oln@mbﬁélaﬁeatwher%me%&m%ﬂp&@% Brdbes Byigtein data

i nformation being maintained within nenory device ég)o.
Foncesnag SIS PETRY SR GehER T WIER SHHLY fpViFe 0 1o
command transmtted by nenory controll%r 370 to .
isnmie farot ofaarageydeyiop) wieh 3obankstateshnties: 3/ g1 Butgopel lpg,
fromsense anplifiers instead of fromthe nmenory cells
301 tdoes wit have qoowspodiling banks statay brfEeryddperd; thia WP o0
woul d | ack status information needed to determne that
tcbatroltka B0 fuay txhemigdiffering vwiatiops phreadayritespw achyate, and/or
qui cker access from sense anplifiers. As another )
exiapbemahieenamory devid: $9Gtoandre diseeslyorestrel the sygnegs die which
command transmtted by nmenory controller 370 to
ivasiblitGjeranoarg caeied oet @BRintraensirdkvice bihager Welo compensate
setting of a row address decoder such that data in
sesichiadageasfsansipoithitemseinponaiesped diithin memarygieyien 390.
row beconmes accessible for a reading and/or witing,

i ter@afplef thae ity Yeylifiatntwatsiong of kexd@otneahd trensmnifted by | s
of the given row to nmake those

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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menory cells accessible for reading and/ or witing.
Furthernore, if control logic 391 al so does not
WOrgioanenos7 i nf ormati on pertaining to the cont enkGIr/6$2004/043672
sense anplifiers being dirty or not, then there may
be different versions of wite command transmtted 34
WO 2005/ 066967 PCT/ US211114 /0 4 3 6 7 2 by nenory
controller 370 to instruct nenory device 390 to wite
data only to sense anplifiers within one of banks
399a-d and not to nenory cells of a row coupled to
those sense anplifiers. There may al so be an explicit
writeback command transnmitted by nenory controller 370
to directly control when witeback operations occur

to copy dirty contents of sense_anppljfiers. to ne
ooy canir SO rREmEROR MRS OBES B GHATID I scpse
read operation to retrieve data froma oW W t hin led
rapkifisosithin opaef ks ENcHINGEIOF £ MARARYYSFIE 8 Fos( faupled to
370 may check the contents of bank status buffer, 379a
ftbeseiseseramplifion. Japieanayi sk hePnsaRICIBYYEbAck cCopdidni ne

if a given rowto be read in bank 399a is already the
apmsmitted byithérhory lsamtkolleg §Ehto disatiyprntiob hep WHisbagkperations
data of that rowis still cached within the sense

aotplii thiceps dictyupheults b sankeaspliféars eymemenyi allpaikro399a of
which that rowis a part. If the given rowis indeed
t[0e43ipen As awekanplb aharGagaqut amehdt dperatign &0 fefrésye Wpt@ from a
given row is indeed cached within those sense

aopd Wwithiabank 399arin nedims pmbodiprentsl mem@ROcontpllerd7) mayehgck
to transmt a read command to nenory device 390 across
BB REMels 6f BBl status bufer 3 2adot inforohation pertiming wdmnk éA%aeto
anplifiers. In some enbodi nents, such a read conmmand
N@erRfndif aEiveh row asibe eadiminak 80phisamreadyl the sprarrowrwithin bank
timngs than would be possible with a nore A
CoUVAERd WREtherloe a6k (BOBIRBEhitrowhis ettll davhed ivithinghe seaveed

froma
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 of nmenory cells, directly, to take advantage of
the conparatively shorter anobunt of tine needed to

WO 2806699 t hose sense anplifiers. I n enbodi mTERTBUSHEH@3672
menory controller 370 transmits a read conmand
wi t hout a preceding precharge or row activate comuand
upon determ ning that the given rowis already open
and still 35 WD 2005/066967 PCT/I|1 S211114 /0 4 3 6 7
2 cached by sense anplifiers, control |ogic 391 may
check the contents of bank status buffer 398a to al so
determne if the given rowis the open row within bank
399a and is still cached by sense anplifiers. If
control logic 391 determ nes that the given row is
t he open row and is cached, then control |ogic 391
a@@@@égy sense pphgersroptrgl logig éél é‘}fﬁh’fgﬁ% tﬁﬁ W‘ﬁ%ﬁ%"ﬁﬁ@k St
data of the given row directly fromthe sense
Anfii 398eite also Aetoymian fitheeiven 1WHa HRPSH Q% B DAk 09 gnd
of reading the data directly fromthe nepory cells of
tihgiléagher byosensechmpifiersy | If eonirokdagis 39 1 flstaromes éﬁ‘t ﬁa&&:wc?n row
be able to supply that data to nmenory control|er 370
rivthe ogen it 3nd iasached.abenl eontrpllopig P91 WAy PESPHTSEEVIRS Ae?
shorter timngs of a mni read conmand. [00441 o
Hembaoetmaridfant ieadghe data pbie givehsow diecthyrfeem Bigrirnssormplifiers
not the open row for bank 399a, but the data fromthe
G waHchr thuwdits had bdeh cechetgidstedd: dfirendittgethe defg diregtlydrom ther s
coupled to the subarray of which the given rowis a
PaéhoryldBBYof the giver rove rdiediyrend siemesndsvweed@Rtrasild T abder
may further check the contents of bank status buffer
3 9plytiRat defa@s Hen@ryvb@itioder FWahdre muickly, wi a feswt, parikp899a
is the open row for bank 399a. In such enbodi nents,
| onBRHREKRE0 thWotter firaingsl of omié réddecoopeandr ow for  bank
399a, then nmenory controller 370 may transmt a
PloBgaar 9eloweuTRTdhd @véed @%eo 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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that row, before transmtting a row acti vate conmmand
to open the given row. Alternatively, in other
wenissdéarent s, the fact that the data of the giREHUS2904/043672
is already cached within those sense anplifiers 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 anplifiers is seen to obviate the need to 36 WO
2005/ 066967 PCT/tJ S211114 /0 4 3 6 7 2 carry out a
precharge conmand to cl ose another row that m ght be
open. In such other enbodi nents, nenory controller
370 may transmt a row activate command to open the
given row wi thout transmtting a precharge_ conmand,
reagaodt @pscloige conanansito ghnse Argther GV Wiat H}laﬁﬁ’ﬁﬁ’?e% ggsurly
open, or not. \Wether or not a precharge command is
tothersmibbtimtntsomemoseccatrotlersy70may THsmitRgyWiRsti e Forpmand to
not, after transmtting the row activate command to
oen tidgvai roenwitons transmottipg @gnechelge eprmnRrd regadistfafs a
read command to nenory device 390 to retrieve the data
neB&RE anbthanotvhoisten Serks39%aripbpehi ermt. Whethener not a precharge
enbodi nents, the row activate conmand preceding this
r easneRnyaasniitghio dae andthemowribat naayt ievaper or nenaften d
where less time is required to pass between the
t G AREHKIRS HRFoW facti Vit cdmmaitibiopah thedvamaond, meutorst dpatroller
read conmand that retrieves the needed data from those
SENPGarRARS b Fda8cominiian to wetlotly deridec3gQits eettidve thuedaa héeded
needed data being retrieved fromthe nenory cells of

t BEmMIhNE Rerse WnpHFi&8 C I $omd dnteyudaetitsain Hwivey e vemorayd
controller 370 transnmts a row activate command

f ekﬂﬁ‘ﬁéjthmeéﬁ $oRRRaRIRTERNE M hin®tw &ctivbtet esthingnd where less

precharge command upon determ ning that the given row

D 1lel]ui9é?1qg Sesserwen e @amRbidsioRrof 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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though it is not the open row w thin bank 399a,
control logic 391 may check the contents of bank
waeawsneovuf fer 398a to al so determine if the gRUEHS200#043672
is the open row w thin 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 determnes that the given rowis
cached, but is not the open row, then control |ogic
391 may accept receiving a row activate comuand to
open the given row without a preceding 37 WO
2005/ 066967 PCT/tJ S211114 /0 4 3 6 7 2 precharge
conmand and take advantage of the data of the given

aeihgces B A ke AEER SE g Pty bl ached by

anplifiers caching that data, perhaps confornmng tg..
talering Bretselting o7 FRIS 2dsess JRSO4ET JOCRRTBIE Brcpst 1@ (e, Srgpplifier
Control logic 391 may then accept the,rea(l)? canmmand {emd
raagleing et dafe.coerheps eQIEORIDS F the WhoTie BEYASS of A S IRYASVAte
sense anplifiers, instead of reading the data

dionewandy Gontl logis 39 meswyihencaceept de repdoqguipan ggiead the data
[0045] Alternatively, if the data fromthe given row

i of thogivemnivediraskly fiiom thhee segerpreplifiep, istead of ©adipe & 4ot
the subarray of which the given rowis a part, then in
sdireetle filoadihrern®ry cdlyof thegivartowt er 370 may furt her
check the contents of bank status buffer 379a to
dp@0es]N nalshetihey, ifthedatafrarhthe gieankogd9noteaehed witimthe
the given rowis the open row for bank 399a. In such
egBaedimiplifiess ciublednotheasnbarmy df svHiduthe given rayeistaieartp hen in
row for bank 399a, then nmenory controller may transmt
asdicesiPId@@ents, aeiRoTY coiratlen3 20 thpfurthenchesk theraoatentsof Pank
whet her or not a precharge is command is transmtted
ey tus BREAB 708 toMedirhiie Whictidta rowevidtilbankr3®Ra bthat thas the given

found to be the open
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 requiredAto 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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row for bank 399a is within a subarray that uses the
sane sense anplifiers as would have to be used in

WO 2wdherg6t he data fromthe given row |f such BCT/US2004/043672
conflict over the wuse of sense anplifiers by an open
row and the given row were found to exist, a
precharge command to cl ose the open row would be
required to close the open row . and make those sense
anplifiers avail able. Wiether or not a precharge
command is needed and/or transmitted in these various
enbodi nents, reading the data stored in the given row
woul d require nmenmory controller 370 to transmt a row
activate 38 WD 2005/066967 PCT/tJ S211114 /0 4 3 6 7 2
command to open the given row in bank 399a. After the
tepmnsuil ssomem thé givermtow mpank 899ay Ahlier demiransenissiog of ghat row
passage of a sufficient period of tine for the nenory
celivase cofimbtbangi thepassagw of o swéicieatieeriod £ yingedr the gy cells
menory controller 370 would transmt a read conmand
QAR gigenitoer todamIade caady Sorotadings meimesy consigllen3 Tl weHdr ge
the charges stored within those menory cells onto bit
|tianeGit @Qedal dongmirdaaesingio menwey balls of the gvératowrte dissharge the
further couple those bit lines to sense anplifiers
VéRGYe8s §tBRd wiites hesamemotyatetieentb bitrlineheoupling thosomerory cells
| at ched such that the data stored within the nenory
CglidoBar@b titad urfHiel BduplOMiodesvit lires f @nseanplifirhewhee tiee
anplifiers while the data is also by nenory device
3RQnhQeMBRREYs B6H tHeOdiVedrrow Ao Jatthe@ syphnise theodadisored dthin
command. Where a row other than the given row is open,

ARl nfeRIRLY Sd11s! B YeCoiiihhow!i§ GRAsY@Fedlth eherseicamiplifiatsavhile the
command W t hout a precedi ng precharge conmand from

THPLY SO rankcly ogield 91 ek i
‘;‘%ﬁ%{d. AFmAet rh St B Rild YvaPOW is Operanad EdieroylogriBol
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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whi ch the row activate command has been received share
the sane sense anplifiers. |If this check reveals no

WGE N oeoeT | i ct bet ween these two rows, then coPET/6$2004/043672
logic 391 may accept the row activate comand w t hout
a precedi ng precharge command, and may use status
informati on within bank status buffer 398a indicating
that the given rowto be activated is not currently
cached to determne that the actual nenory cells of
the given row nmust be prepared to be accessed in
response to the row activate comand. Simlarly,
control logic 39a nmay then use the sanme status
information indicating that the data within the given
rowis still not cached to determ ne that the.39
2XObSHDEY 067 operpfipn fagshat Taw mugt be rssr@ne}egmg‘w@gadﬁ‘aﬁf € data
read operation for that row nust be responded to by
obitesilnfram theymegaryacellgiof etgNenTpHn3sidect &n ry cells of
the given row, as described. [0046] _In_various )
el9béali meht wrionepwbydimentsy Bemery coredlipsy /¢ Biay gamgy,put various
various operations, including precharge operatigons on
r opesatinng, icudingprechangs eperdtiohs Pk EPWSIBIGHD g et e P SRSy
operations to access data. |In various enbodi nments,
nE9vardbetwamntatisr loperaBaifs tmageesngita yingmEowy eopndENgig anemory
closing algorithns that attenpt to predict occasions
i connbilats7a navensiopbak drenge pegepilosing 3lgeritbee that pttempt to
anticipation of data needing to be read from ot her
r preBict (Reaass ie sehidf a toseshoeldeprdenptively chisod inaptisipatien of
specific row, the provision of isolators between
NBARhdedER] th e atd fide oiheprots. Begartlbwssofdhe westador the closing of
anplifiers (as discussed at considerable |ength,
apQyRificTBlESe ?ﬁﬁ@éim 6f isdlhersitwacnmy:nmry cells gudalhimpyte of
operations affecting bit lines that transmt data
betW\e RensBRABIiTeis €hd discandd angnsideiabk lovpith, abb ) nzdkesppssible
those sense anplifiers such that data
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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stored wthin those sense anplifiers is not |lost as a
result of the precharge operation, and thereby aiding
WO 200806609 ng such rows of sense anplifiers to BCH/USRIOH043672
cache of an entire row of nenory cells. Indeed, this
preservation of data within rows of sense anplifiers
may wel |l enable nenory controller 370 to enpl oy a page

closing algorithmin which each rowis imediately
closed with a precharge operation after its data is
| atched in a row of sense anplifiers. \Were read
operations are concerned, this would result in every
read operation to retrieve data froma row that does
not already have its data stored in a row of sense

anplifiers (what mght be called a "cache mss").to
rhseclipkge OReTaliphigdeSApied Oélbw‘&aﬁ% Wﬁ@?“é‘a‘l %fPéraPﬂ‘é‘}t A
of awaiting a 40 WO 2005/ 066967 P /USélﬂlllm /0 4 l3 .6
7ctivaie eempyblospen anqthes 1ow fereaceessy | apoligy Abglosiae
incurred before transmtting a row, activate command
tayenpen deornding (o IRBIDBASGSTT VEHBOIRIF V4SS0 PF CDpyed
closing every row after reading (and perhaps, alsq .
atherein suehi ebagliments atesd Wish peiolpecchage sgand pplior 3 write with
such enbodi nents, a read with auto ﬁ)recharge command
aatts peeclearger dotrenanidtrhay beuareplpyeddn rigdhe astyapiagespd goplming the
enpl oyed to gain the advantages of comnbining the
ofthemiesepsapardi(er wetmdl adpregar geeomanandp inse i single command.
commands into a single conmand. Regardl ess of whether
t Rezapdles oawpether thé preolvging of foedochsetheububdepaupnt tp gecessing
accessing themoccurs as a result of a prediction
athe@rdctiiBnos restilnef a predistisnaosthincatogr ddsg evphisinated t he
ability to carry out precharge operations on sone rows
Wil EhHitAmbARK Sbili§ 30 aartly ot predimargy oferatione BSOmeirowewithindwgks
of data in sense anplifiers used to cache data from
O8dURILd $ANEMEK Alide 300 Wathey pess il itk yn densecamplificoutsedto cache
| east sonme of such

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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precharge operations in the background with [ittle or
no delays incurred in carrying out other operations.
WO 0D&P¢69¢s an exanpl e of carrying out a wite REEUSRDGM3I6T2
to store data into a given row wthin bank 399a in
vari ous enbodi nents, nmenory controller 370 may check
the contents of bank status buffer 379a for
information pertaining to bank 399a to determne if
the given rowto be witten is already the open row
wi t hi n bank 399a, and whether or not the data
currently in that rowis still cached within the sense
anplifiers coupled to the subarray w thin bank 399a of
which that rowis a part. If the given rowis indeed

t open .row for bank 399a, and fhe c . m
(D Bk reldS et S et Py Al Hhads
anplifier t hen mory controller..41 2005/ 06
PeRmpry bus 380 foptots datadn tHoss sepisp aWR{)ﬁ%fﬁY@ Sr%’é“eea"[ s,
transmt a wite co nd.to ma,rmg_}/ 2ﬁ]glvi .&E 39 | &859SS nines
NRIER AYVTHE §0BANG HaY PHR eMEH ALY {OGRTG UL BITE g
amplifiers. In sone enbodi ments, . such a vvrd'st e ﬁ%mnd
nitagn Beuldl berpopsiblg it mers FRAYFALIGRA FVIHY SERAIG O PpiGH data is
timngs than would be possible with aog%r.e o
cwritieminiomamony delle (cibemia fddigon {herdnstepdiof beng WitiepRlq sense
into nenory cells (either in addition to or instead ?1f
banplifiens)i tottale ddmasagseafdle comnarativelyyshyrieragougief time needed to
advant age of the conparatively shorter anount of tine
nesittethta ioto thpsetsensgamplifintse Hawsyer, seiiag thefstq infodpgse sense
However, witing the data into those sense .
ampplificre osly weilg rasoly inthe dafia|stor¢dhinthese dersg agpbfierg bpepming
those sense anplifiers becomng nore up to date than
t meredat ta date thirothe date imthpscwbingry dells.tfhher resgliingiin gheinged to
the need to subsequently carry out a witeback
oftiseduently taryompy wriebaok dpdratibndatcapy thempdateddata 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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sense anplifiers and into those nenory cells, and this
may necessitate the keeping of status information
warwsesdank status buffer 379a concerni ng t hePCi/U$2004/043672
status of the <contents of those sense anplifiers. In
such enbodi nents where nenory controller 370
transmts a wite conmand without a preceding
precharge or row activate conmand upon determ ni ng
(by checki ng bank status buffer 379a) that the given
row is already open and still cached by sense
anplifiers, control logic 391 may check the contents
of bank status buffer 398a to also determne if the
given row is the open row w thin bank 399a and is
still cached by sense anplifiers. If control |ogic 39
aheod, ideteat of aeswiitee F datrihibe JocavRY Folly A haREsT PN "
the given rowis the open row and is cached, then
anemaryldeviog B0 Bould payblade epepleedhs erF?gOPSFﬁUyn 0f§ ﬂ'f‘%kly’
command and wite the data of the given row solely
ttheughenseoldngik 31 ey alsp regaidthe resultipgdirthyatup ekthe &@tw §of
2005/ 066967 PCT/tJ S211114 /0 4 3 6 7 2 cached,
i thedesatbe @ipiifisns imbartkis ngtus heffaeiBat o grmammf@ryh@ eatTygng out
of the given row, and nenory device 390 woul d be able
toF aGapRkgeée wirhebaok bpezatimer at i on nore qui ckly, though
control logic 391 nay al so record the resulting dlrﬁg
qJ0648]s Oflihaticantitht giveh row holsewsges® iatphl $9%rigngt
banks status buffer 398a, in preparation for the
C(gfeh)‘d)ﬁ Gorahk 399a @eSgitaaquaniy huve tarbatykbeep elosd through a
048] Alternatively, if the given rowto be witten
é%eélﬁr RadperatidfR bhtSth® Okrrdnh @ata GpANthe @iveh osw ixestikl caéigd within
he givéen row may have al ready been cl osed through a

PihE SORE IRipARES b to theubliltey Sl theddten rbwdsra pirg then in

gl ven FOMIIS still cached within the sense anplifiers
CQIR &ﬁ‘% JPmENE rSURRY EaMrolr Y1 Sty fh@efiheen the@oniests af bank
part, en I n

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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some enbodi ments, nmenory controller 370 may further

check the contents of bank status buffer 379a to
WQ@I210806n9se whet her anot her row within bank 399CT/ES20M043672

open row for bank 399a. In such enbodinents, if

another rowis found to be the open row for bank

399a, then nenory controller 370 may transmt a

precharge command to close that row, before

transmtting a row activate command to open the given
row. Alternatively, in other enbodinents, the fact

that the data of the given rowis already cached

within those sense anplifiers nmay result in no check

bei ng made as to whether or not another row within
bank 399a i s open, because the fact_ of the data of

tHithigbank39Pais arsnrey 1o cResardless Phyaethelgr et %‘tﬁfﬂcﬁefrgeer s

is seen to obviate the need to carry qut recharge

cormmeend is iansingtéasl tq gtas arothes FOW ke H?I&HP“’&&%‘S@W acfiyate

such other enbodi nents, nmenory controller 370 may
tooamsmil to epandhe givei va.eneemrrapiEolgF ¢ Hbianspits §write command
transmtting a precharge conmand, regard| ess of

vibetenery daatd30 to corelte idabeins MOBEoATo REIFRALIEHOSE 618 / O

4 36 7 2 wthin bank 399a is open, or not. Regardl ess

afmphifietshdn same ambodimenectharqyeactiveteriad orite CoPRARGH RIRS 2

to close another row, after transmtting the row

aGhihMatveacticaeanich toindwee" thremgid wrsimply, makerfhesg sense
controller 370 transmts a wite command to nenory

ARl ERrs3BRilie Sdrateingliatadiad theh o sigrevihé datenf thatvgite pperation

| east those sense anplifiers. In sone enbodi nments,

t AR thew sasdel analliGicarid loss titre tiemnmaidibe reqyirérbtogbotht errryjout a
row activate"” and a "mni wite" conmand to sinply
MRkeackinfs 8omaRaE thabWplildlacaly feddy thelhendrycelst dithegiven row
data and then to store the data of the wite operation

| R RS 8nd aRefe 28Rhiahd Baswbild laesslly whke the datawd tedvrise

required to both carry out a
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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row activate command that woul d actually ready the

menory cells of the given row to be witten and a
wawriosecceohmand t hat woul d actually wite the JdeEEUSA004/043672

the wite operation into those nenory cells. Also, in

t hese enbodi nrents where nenory controller 370

transmts a row activate command followed by a wite

command w thout a precedi ng precharge comand upon

determining that the given rowis still cached by
sense anplifiers though it is not the open row within
bank 399a, control 1logic 391 may check the contents

of bank status buffer 398a to also determne if the
given row is the open row within bank 399a, whether it
is still cached by sense anplifiers and/or et her. or
ieiting abe Fast addsess WEgadpmiosRARe 8eisss todhg W@S%ﬁ%ﬂﬂ?eawacf“flg that
control logic 391 determ nes (as did nenory, controller
31A0) perhans confermingép theshorter tnapgy R migy oY actiygie cofgnand.
open row, then control |ogic 391 nmay accept receiVvjng.
Lantrl logict3N anay thonasaert theowiscrmmad gnd 81t e dfash Biqmto
a precedi ng precharge conmand and take advantage of
tthesedasa aoiplifitre, withamn alsowrisios tipt dafe frie theymemegy| cglls of the
altering the 44 WO 2005/ 066967 PCT/tJ S211114 /0 4 3 6
Teivengotvt parhapsfconforingaa thesbertetdinnags oftagmish Fhitecoippays

to the sense anplifiers caching that data, perhaps
a9e®ieiTian grevivutlyeosldowher atmini Wyt cofnmpngiih¢arigdyout such that
activate command. Control |ogic 391 may then accept

t thseWehde@nplifiB@Rebradata virat tsendrhap dadate ohdhedatnefghe given
those sense anplifiers, without also witing that data

i 130 tHeh enfoEREION peRbihiigad tHihesulghy dintystiys qfdrdsapense
conforming to the shorter timngs of a mini wite

C ek may BYRYGed AShaRk Statusbaifyrsi3dDeand/otiBe. a mi ni
wite cormand is carried out such that those sense

ajpphd1 | erfie ploRlsRNtFiI4tbR belweevdse mplifierd ahdglohald/Q higes

data of the given
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 anothe? 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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row, then information pertaining to this resulting
dirty status of those sense anplifiers nay be

WO 2806967 i n bank status buffers 379a and/ or 3BBEUS2004/043672
[ 0049] The provision of isolators between sense
anplifiers and global 1/0 lines wused for transmtting
data fromthose sense anplifiers to other portions of
a menory device, such as 1/0O selection nultiplexer
395 of nenory device 390, affords greater flexibility
in the operation of such a nmenory device.
Specifically, the need to rigidly adhere to the
requi renent of always closing any open row within a
bank before opening another row found i n other DRAM

menory devi ces can be frequent ignored in the .
speseatangyi bsclosehigrepatie mecrsads%%\@ O%zﬂ?ag’ﬁ%mé{’ : nﬁ?/\?“(%%

to be accessed does not share the sanme sense .
dabrden reading e sUeH QRER TR tQisadigg apeiher sughhopandgy wauld require
another row that is already open, the new row may be
ditidreadrethathibe frapsmeission of trhal rogelchlyatst C‘?R)é‘inf“?q:v@s P%Pe he
transm ssion and carrying out of a precharge conmand
tdescribaetoplodittée mpre thaysteikaasmitthe op) addiessrl the peY oW to be
bank (up to 1 row for every block of one or nore
sedebwitla e nekt tranemited aeekd)copoudnd. act ual |y be opened

Wi t hout having to 45 WO 2005/ 066967 PCT/tJ S211114 /O
40650 7 Pighubd acpusamplifiedielodt dsgdm of apsathpgimenbepplaying g
data from another row. To switch between readi ng one
sdoedpuep eysternComputensyisteq 40005 u teastio padgaaderupyel (pentral
require little nore than the transmssion of a "mni
rvteasihi vaitier1 0csyswaridgic 420 emdimenory desice 4%k diysten lggic 420 is
l'ittle nore than to transmt the row address of the
N@Wple@% COURED ané pekforhistvatibies fnsotions imsuppor bEGPYe 8 including

command. [0050] Figure 4 is a sinplified block diagram

Ofro@inRrd¥edl i NEeHith acgebpinigndy 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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conmput er system Conputer system 400 is, at least in
part, made up of CPU (central processing unit) 410,
W@ ywsemobgi ¢ 420, and nenory device 490. SystRCA/USAYN4L043672
420 is coupled to CPU 410 and performs various
functions in support of CPU 410 including providing
CPU 410 with access to nenory device 490 to which
system |l ogic 420 is also coupled, using nenory
controller 470 within system |l ogic 420. CPU 410,
system | ogi ¢ 420 and nenory device 490 nmake up a form
of core for conputer system 400 that is capable of
supporting the execution of machine readable
i nstructions by CPU 410 and the storage of data and

instructions within, IC Q. [005 .
selSelieothoie b RS S s i,
, es o i ncl udi ng a U capabl e,_of _executi .
amplaying 2 RAPEBYSBrinsHagen @t%mﬁ%wmewgwmogwwﬁféﬂv%%é dgsic
instruction set, and in other various enbodi nents,
1410 wethcaaLHpgrdpeiatermedfadefantho tpe @PMeniony v Af Jegtig portion of the
enbodi ments, menmory device 490 could be any of a
A6t et oftiearyalevidy #ihire dinadeddniodeoks4)dautordp of RARgh
i ncludi ng fast page node (FPM, extended data out
(FEDhde Sp BOMEmEstlls atzeni¢GDR)o ows dod bdlemaaine vt émensional
(DDR) 46 WD 2005/ 066967 PCT/I| S211114 /0 4 3 6 7 2

fRéIBry Qfra§y M6 At @BOu pordyin afiihe nidhidry SDRANJLin ReMopy device 490,
various technol ogies enploying a RAMBUSTM i nterface,

&h & portiHim iR Mo Yde8ed bpkaiorydhtiptiand 1desitt ogimbinaR of
with an appropriate interface for the type of nenory.

Alank 88 and BRF Qdrfest A thovesEillyd frethb art ofill neopmiye, the
device 490 are divided i nto banks 499a-d, each of

B
banks 499a-499d, 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 skilled 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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menory array. To access a portion of the nenory cells
Wi thin nmenory device 490, that portion nust be
weawseeed by menory controller 470 with a conbiTESI0041043672
of bank, row and col um addresses. As those skilled
in the art will recognize, the depiction of a single
menory device 490 with four banks of nenory cells,
nanely banks 499a-499d, is but an exanple of a nenory
systemthat could be a part of a conputer system and
that a |arger nunber of nenory devices and/or a
differing nunber of banks w thin nenory -devices coul d
be used w thout departing fromthe spirit and scope
of the present invention as hereinafter clained.
[0052] In sone enbodi nents, system | ogic géonis "
coUpétens execated app Guiedeen compUuRn fyStFM %%a‘é GRIKZ "feget’ ot
storage device 460 by which data and/or instrugtion "
ditialized (foy exsnpla gdemsgmautensysivalA49ds sEEed 98¢ O ROFFEEGLP")
medi a 461 may be of any of a wide variety of types
anperfoemiadks agided taprepire sempwtey gysgm 400 frenggpmal yie} (In some
understand, including CD or DVD ROM nagnetic or
eptiitivak ofiivek etibedineatpnepan-ioivielizasion gt gietting pecomputer system
sem conductor nenory, characters or perforations on
PP STPOA 1 @hdvessesademol aile memnary demice 480t rgtrisye insEHetEpns O be
nonvol atile menory device 430 is coupled to system
|eQ@tiveed43 PrepaRrmahbigrcopaslier 70 foompunal nssipstreviding@yceshipr
provi des storage for an initial series of 47 WO
28054 APRIBANGS BeldS2 290, 14 i bé (3t reFe @mierrstrieed ingimgrtions are
executed at a tine when conmputer system 400 is either
"dxB&Rdd to ‘epaferkiyﬁﬂeﬂi logie d2( fa@moaxanpt & providimgeoegse tasstorage
system 400 is "turned on" or "powered up") to perform
t ASKS 466 SHERh Loy R FGRRAG Bt ORUEdE 46) thiheimnyBOudediby s TER|
use. In sonme variations of such enbodi nents, upon
| pickakhzation or resetting of conputer system

[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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400, CPU 410 accesses nonvol atile nenory device 430 to
retrieve instructions to be executed to prepare
woreeesngeocont rol | er 470 for normal use in proviRGETIGS2004/043672
access for CPU 410 to nenory device 490. It may be
that these same retrieved instructions are executed
to prepare systemlogic 420 for normal use in
provi di ng access to storage device 460 and what ever
formof storage nedia 461 that may be used by storage
devi ce 460. [0053] In sonme enbodi nents, storage nedia
461 carries machi ne-accessible instructions to be
executed by CPU 410 to cause CPU 410 to carry out one
or nore tests of nmenory device 490 to determ ne what
type of DRAM device nmemory device. 490 may, be, d/
tuse @b seasnunplifigrnts § gFaf spdie 3R/BY Sl)lab@?f‘?‘%y%t?e ﬁ%@ i¢ able to
support. Such tests nmay include a series of ttenpteg
awppers baying iy contens wahinsshts JRIEFTeEIPlaxeg agadorm of cache
observation of the nature of the responses, received.
At desaribedas langthsalesvheredhprein)yheniGRY HHbman beraisthioi mesram
code identifying the type of nenory device aor '
i atemidrvist ngnfigvee mrwenneatrollersiie tomake e qf shgh 3 eachingy
such tests may entail reading data stored in a
peptibitity. dh embndicleatsivilerqummpogy eaintriler 478 iroto,PregipmErd490
identifying the type of menory device, various
PREABBL @hsollarnd) anythge proesssn oeinserpatasemsierage devieg ushigs
features. If it is determned that nenory device 490
| Bar&ltaust et PTOmMtwHitietodBai@RBO5¢ (669812 tROTAUSET Yaripys
/0 4 3 6 7 2 use of sense anplifiers as a form of
CAReviana fRrsubdialys makingyupcach ofbadRO499%-béf memery device 490.
support having dirty contents within sense anplifiers
eRH4eL wasther ieredind sgeaiffeeufeasucl @s banktausbuffes Ag? lor not,
el sewhere herein), then CPU 410 may be caused to

PHRAY HARVide an indication of which of rows within each of banks 499a-d are cached
by a row 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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or otherw se configure nmenory controller 470 to nake
use of such a caching capability. In enbodi nents
wawsecarenory controller 470 is so progranmred, PCTEIN043672
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 maki ng 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, nmay provide an indication of which of
rows within each of banks 499a-d are cached by a row
of sense anplifiers coupled to the subarrays i n which

oLy b bt i Ak or -GNy ée?snge?vc’l b 25 R pe

be accessed in a en one, af b d
Do orB 4t B itenabith fe dienprission SR A& a7t Vol c A
contents of that row of sense a ifiers is dlrt
Wperhansra 1Bini R aGiiVAlS RO mEPape) %I@@efgg%ar yaie o %’é Sa
and/ or whether or not a different rowis en W|t in
aaichrebd oK WrileoDEupandsithe W ideor \mt&%g@@@r@ 28)- I8P
accessed is determ ned to be cached and al ready open
tihsancehtbe transanipsion Qféh%%@?t]é(ﬁﬁ?lcpmiﬁ@ﬂ mgybg |PFF§5§%1 ‘gl the
cache may be read fromor witten to with the
ttramsmisbion ob A pkhaet goramaedie desmaastbiere. Hithre jsegagther row
command) or only a wite conmmand (or mni wite
ctharrimfrihd tabopsit Aliomatiiveliidlia rova i e gseesserbis getermined to not
However, if the row to be accessed is determ ned to be
amadaeiild Hyut rodGe® RGOBE0E 686 TherBY wdkd memary @llg ofthg raw,
2 not already be open, then the data in the sense

aifgelfi ihebsreaé frvinng vasiten to a\oﬂnahmmsbnssmnezfdt OV @il ate
witten to with the transn ssion of both a row

asinhrd @idefoll GREOw aiting 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. At510, 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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(perhaps a mni row activate conmand) and a read or
wite conmand (perhaps a mni read or wite conmand
W@L2a0R@6696% t h or wi t hout auto precharge). | n sSuRGT/ES$R004/043672
i nstance, the transm ssion of the row activate conmand
may be preceded with the transm ssion of a precharge
command to cl ose another row, if there is another row
that is found to be open. Alternatively, if arowto
be accessed is deternmined to not be cached by a row
sense anplifiers, then the data in the nmenory cells of
the row, itself, my be read fromor witten to wth
the transm ssion of a row activate conmand foll owed
by waiting for the appropriate tine for the row
activation to be conpl et edl and t hen hg {rans 1.5S1 on
oTnbodiraes, Ghis dptermangirRsat '8y %Ee{fﬁ‘ C Bt W ‘Hi%l}?
the menory cells of the rowto be copied to a row of .
simeiseryaepice that plso phasks suphstored IREPTRAESR Ropminqga Arepeceived
read or to which the data would then be witten. | ‘
[l0@BsiblFidgigrmaing which-coprsg Wl aqtignisheild Bptibkem Heshpkleyprious
operations to read data froma given rowwthin_ a
gepeeatiohs tokbecdfompletechinrless diang: dbthe spntenty of tegitearay hays Pready
is made as to whether the contents of the given row
hizeee capied ady sdnee amplfirirs dhanat S2& rrdstepmingting isqaaigeas to whether
anplifiers within the given bank. In sonme enbodi nments,
t dri ot thdbagiemmowas thempesrovadghipyheagivempank. dothe gbien &w is the
checking stored information pertaining to which rows
ofpentrbwof shebgivendheak gherbd mik seadfopeetion jn Whigh isobasers between
copied into sense anplifiers, which rowis open in
e@s Rera alnplifiad seringhiet doatentrof fiet givdnerowcnd tgkobiakl/Qdpeeate
fromvarious rows into sense anplifiers are dirty. In
obpestedd OB RAMSE 0656 Grp PGS talthSRldldHa L/CDlinks 3o Gnablediata to
enbodi ments, this determ nation mght |ater al so be
MBS adBud STdhdse BbrisBamplifié@s 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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menory device that al so checks such stored information
as commands are received to possibly determ ne which
We2ws8e90T acti on shoul d be taken to enabl e vaRGTUS2004/043672
operations to be conpleted in less tine. If the
contents of the given row have already been copied
into sense anplifiers, then at 520, a determ nation is
made as to whether or not the given rowis the open
row within the given barilc. If the given rowis the
open row of the given bank, then a mni read operation
in which isolators between the sense anplifiers
storing the contents of the given row and gl obal 110
lines are operated to couple those sense anplifiers
to those global 1/0 lines to enable data to be read .
determine whetber et @ TiFpIOMTAcHY e GF THY Fead coRImad may hejcaied
shorter than would be possible if the data were read
@ut indfeutof enatherdpym ebtomsacvate Reregdl GeRMRBYy, it sel f.
However, if the given rowis not the open row of the
Joassh bakkernathely, if the pentendspf the givemiaw s ggigHaned at 510 to
carried out at 522 to change the setting of a row
ad o as deeteanpdtel intoosenserrenpgifiersnthisn akS 30p 2 deiReninpiéonsis giade as to
amplifiers storing the contents of the given row
anRass itel carrkaircohentgf tesdnstangifiers corresponiling to thggiven row
command, as just described. In sone enbodinents, the.
Nir&\irty Q&G tIf thatcentenid ofiihose coemspadingsauks amp)ifiges are not dirty,
separate and distinct commands transmtted by a
R4t 546 andeté@iriitioh & Sadpnslto waethendgrsiobfherbitdines coupleatte the
and read commands that require less tine to carry out,
WakhéryicBlPbttRE Biabh Y@y arnibestiypeetharget oghat. Wf thhserbit lires have
menory devi ce autononously checks stored information
PRIh@) BYeR récﬁalge&, {Bidrad pisisible prévBagingedt thosnd rplificrhe
gl ven bank to 51 WD 2005/ 066967 PCT/US211114 /0 4 3 6

/ rgﬁ)ag@fh@ BB mPNEERES re@bive@htadrof the gh@wree (if et senser
rr? ni read command may be carried

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
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out in lieu of another formof row activate or read
command. [0056] Alternatively, if the contents of the

wWQ20psn6aoev are determ ned at 510 to have not BEEHS2004/043672
copied into sense anplifiers, then at 530, a
determination is made as to whether the current
contents of the sense anplifiers corresponding to the
given row are dirty or not. If the contents of those
correspondi ng sense anplifiers are not dirty, then at
540, a determnation is nmade as to whether or not the
bit lines coupled to the nenory cells of the given
row are al ready precharged or not. If those bit |ines
have al ready been precharged, then a possible

prechargi ng of the sense anplifiers to re the
Cenicris helons fheseanayde B ETFILRes of pig opRIBd 'Ok feptiiy cells
(if the sense anplifiers requjre such repi.ratio

) .
af theegiyepaowe eie\oReraig 18 5evRie [ogR eI pesFaEd: lélersrf’é‘ﬁ&?‘iie bit
cells of the given row to be accessed are carrij.ed ou
dineSauth thaft ﬂﬂﬂ%@b coiitents Marde TRRSIEtEHRY e seky WBEE‘F{ 590 e

precharged, then a precharge operation is carried out
troemquy eclisofdhe todvowevich theidigscantentibelongang laicheddy the
possi bl e precharging of the sense anplifiers and the
ravwmary tcelaefahapew athicothegaarespondingvasd ding s apgupted to cause
However, if the contents of the correspondi ng sense
daRhink iteocuar b soeteenmtiodmuentsoa bitehiack gpesationgnay peigfiated by a
writeback operation is carried out at 532 to copy. the
diontryandarinenited of atthosey sems@ler,avipleiin pligraative eppedingsts,
to which the dirty contents belong, just before those
SwiRbiklopetatios agibe bprghhaogeaitetonfhgly barldgip stithin the memory
possi bl e sense anplifier precharging and the row
agdvideatk ia @ssuR RE kakiviry 4 wkeacriivate eommabdithat woultlleintail using sense
writeback operation, isolators between the sense

anypblifferSihgt ARREntdy Etold difg comerpd. edftérahe passibtaprechangsi of fthe
the dirty 52 WD 2005/ 066967 PCT/US211114 /0 4 3 6 7 2

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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contents belong (these may be the sane bit |ines as
are coupled to the nenory cells of the given row are
W@pWs/a6ee7 t 0 coupl e toget her those sense anpl i FABUS20841¢13672
those bit lines such that the dirty contents may be
transmtted by the sense anplifiers to the nenory
cells of the rowto which the dirty contents bel ong
and |latched by the nenory cells of that row when the
corresponding word line is operated to cause | atching
to occur. In sone enbodi nents, a witeback operation
may be initiated by a command transmtted by a nenory
controller, while in alternative enbodi nents, a
writeback operation may be brought about aut ononously
by logic within the nenmor evice as a resul f .
FREERTY Fl‘?l‘gc“dh?-tcﬁ}éan@F‘Fli?éfr{g“ %85‘?&&#8“?%’8? O A eceived
usi ng sense anplifiers that currengl taore dirty.
GomeSihedcimay b CpBE OB bR e o e Wievs
anplifiers and activation of the %ive% ow at 544 %ﬂed
operdtionsde he Fompletsd dnless bge. Hifhe caniesissO f%fb%%?} ropy Reye dlrgady
is a flow chart of enbodinents of operations to wite
dhaeracapieddntogenserampbifies tian At 620g 7 JelprmHaRonds MRdeatigryhether
device. At 610, a determnation is nmade _as to whether
toh @otcthe e sovols thhepegirow wittumii i eendiapke ol s 1OFp!S &
to correspondi ng sense anplifiers within the given
ek row of the gver hivdd iheratigini witesoperpsio ithivhigh ilw%ﬁt?@ beiaieen
by a nmenory controller checking stored information
k¢ teabdampliftens sebriigghthe oves$ ofhe ghves ndya prdiglob@l/Qy lingsiase
of menory have been copied into sense anplifiers,
Wiple£aedri0 boiirte tpsnsense aaplifidsaiokhosagihbel UQfisehierenable data to
the contents copied fromvarious rows into sense
el ittdnesoRlyBine Mbse sgnsel ampdifiess witleb peiiiodkof tine gherter than
determination mght [ater also be nmade by logic within
t6u1® Be PERsDROB HRaHhB®6Were 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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PCT/tJ S211114 /0 4 3 6 7 2 nenory device that also
checks such stored information as conmands are

WO 2806067 t o possi bly determ ne which course RET/ESA0D4043672
shoul d be taken to enable various operations to be
conpleted in less tine. If the contents of the given
row have already been copied into sense anplifiers,
then at 620, a determination is nmade as to whether or
not the given rowis the open row within the given
bank. If the given rowis the open row of the given
bank, then a mini wite operation in which isolators
between the sense anplifiers storing the contents of
the given row and gl obal 1/0 lines are operated to

| e those sense lifiers to those .
o o SR P T e Tt B g%mg?lﬁ o hmgive
sense amplifiers w hlna r|odo msl F ter t.han
vispbodipenty Jegie pittin t efrﬁew exlmuéonaf@ W éﬁ“’feﬁlt 0
the nmenory cells of the given, ro ts
| s maen %qu%m&?%tée seys @bﬁlﬁatgl‘@zﬁng mlaﬂ’é%ihﬁ ey ephagk to

t hose sense anplifiers now have contents that are
ddetergning whetherns get LB E0W SCtiiele FINIHBFIES GapRas dgaiyehe carried
than the contents of the nenory cells of t he given

r owyin liewef #nothen prinrpfyow jaghite @idgicAanasd. this dirty
status information is maintained within the nmenory

deossle  avittimativelytifithe canienisef thecbyanriow s despraringd %610 to
the nmenory device. However, if the 8|ven row i s not

t heveapebeenaapisfl inth eengé ewnlificinithert #6R0z2 detarminaggn is made as to
activate command is carried out at 622 to change the
sehtthaghe tursent omtedsloftbs sahec adplifiers cortrspenidigitoibniiven pw
make the sense anplifiers storing the contents of the
ghrealirty ommaac ffabsidntents efithosoebmespanding emms¢ amplifiGe drewiot Airty,
a mni wite cormmand, as just described. In sone

embadi 64Nk SetethRatiomis nradwasiot widlies oanat the bik lingsi dogpled to the
commands may be separate and distinct commands

t FRABH EARGS e giveiRoWraye ity plekleargddoorsiog nHlthosebit dineshave

OI;Irerai)l;vbi:n 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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WD 2005/ 066967 PCT/US211114 /0 4 3 6 7 2 activate and
wite conmands that require less tine to carry out,
WaRi05/064967 al t er nati ve enbodi mnents, | ogic w tHhREI/USRI04/043672
menory devi ce autononously checks stored information
pertaining to the status of the given row wthin the
given bank to determ ne whether or not a mni row
activate or mni wite conmand nmay be carried out in
lieu of another formof row activate or wite commuand.
[0058] Alternatively, if the contents of the given row
are determned at 610 to have not been copied into
sense anplifiers, then at 630, a determi nation is nade
as to whether the current contents of the sense
anplifiers correspondi.n iveq).row are di E%tgéafﬁ"'z

¢ tp the

omemeRy, cefls of fhe gbV&Htr%‘ﬁthgé’PPOF%%’Qéeg YO ST dTeRy e
anplifiers are not dirty, then, at ﬁ40’ a .. .
detdehorhi e PPEsible senive e Aer PEehpeigand he 1ost aciiqe; qperation
l'ines coupled to the nenory cells of the given row
atale plapcaid4 p ibsaveg abpdReh @ Wifteback Seerafiey may B anatgALby a
al ready been precharged, then both a possible .
peaahandeansmitiddd ysememory ponirelies, whijen apraghyeembpdiments, a
sense anplifiers to receive data fromthe given row
(whitebhek cpenasionamgyl beflireysht phastaworamepsbpr lagicovithin g memory
row activation operation to prepare the nenory cells
ofleviideens giresnit of gecei Onheraacatiyste ¢ommangd grat weyldsgtailgising sense
644. |If those bit lines have not already been
paeplhtiarg that cirteatly atopr dich aofentopAftat passiblesensgrampdifiebut
to precharge those bit lines at 642, before both the
ppeshdpiag andseivatiph of the given evhatrG@ingrovaepytdperations carried
activate operation at 644 are carried out. However, if
t b £ 646 ehtebpisoldnes baarerethpbditdinagcmpirddo drephémhorgcells of the
are determned to be dirty at 630, then a witeback
opREREdwWAnd Sosadehbesnglifferstb aB3@ theocomegmys dftiiee nlembyy cells to be
contents of those sense anplifiers to the rowto
Whiisidd 465 Ehdxe Bitanies alish@nBeseposeiabiplifiusiwigntitoserddine
lines coupled to the

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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55 WD 2005/ 066967 PCT/US211114 /0 4 3 6 7 2 nenory
cells of the given row, just before those sane bit

WO 200806@6% precharged at 642 and both the posRITIUE2004/043672
sense anplifier precharging and the row activation
operation take place at 644. In sonme enbodi nents, a
wri teback operation nay be initiated by a command
transmtted by a nenory controller, while in
alternative enbodi nents, a witeback operation may be
br ought about autononously by logic within the nenory
device as a result of receiving a row activate conmand
that would entail using sense anplifiers that
currently store dirty contents. After possible sense
anplifier precharging and activation of the given row
LLABMS a row copy operation is carried out at 646
wher eby isolators between the bit Iines coupled to the
nmenory cells of the given row and those sense
apeiiis Flajedis al | ow the contents of the nenory cells
to be copied across those bit lines and into those
sense anplifiers when the word line corresponding to

tge gi L deREe0i ven bank is operated to
c‘use‘%%%nkﬁgﬁﬁﬁy é@ﬂﬁs gf the given row to di scharge
their £ORE SBLSaPH henbYQERs Sighnikddia®.roWé bhid cdlive@ns;
contents of the given row now contained within the
sense afit pliiatisof Hitltnes]j dath coupletleo opeluatn @meanorg 24lls; as
earlier described, takes place. 56 WO 2005/ 066967 .
CLAI M3 filsaet pEsublaiyrisdlajoss topclertiyshoompl4be fipst plurality of bit
lines to a first row of sense amplifiers;
a first set of common isolators to selectively couple the first row of sense
amplifiers to a plurality of global I/O lines; and
" isolator control logic to coordinate the operation of the first set of subarray
isolators to allow data in a row of memory 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;
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1. A nenory device conprising: a first subarray of
menory cells organized into rows and columms; a first
WeLwsaedoty of bit |ines, each coupled to a colREFIUSA04/043672
menory cells; a first set of subarray isolators to
selectively couple the first plurality of bit |ines
to a first row of sense anplifiers; a first set of
common isolators to selectively couple the first row
of sense anplifiers to a plurality of global 1/0
l'ines; and isolator control logic to coordinate the
operation of the first set of subarray isolators to
allow data in a row of nenory cells within the first
subarray to be copied to and |atched by the first row

RO GRS LS CHE
latched by the first f.. ifi
USSPl b RS ATBL L e ok

t. di ' . ' thi

B ARE OB PRI OOk B g i

b cdda@ubdrtastto bOWopied toSRIA IR ciRAWyithd Scéndyweofre el imididiers;
operation Carried out to precharge the first

plidral ity of bit lines. 2. The nmenory device of claim
1, further conprising: a second subarray of nenory
cel | s aseqgani szedf dontnoorr isvlstostd selottivehyscoupledbe spgemd row of
plurality of bit lines, each one of the second -

plenseadniptlifiersfto e pligakisof girbiahHOdman ety the seeandsat by

i Shot s PO S0 L BT by SR Ml

Stile %gctoi'lé( reg of soelfllgel aemﬁlﬂ'eferss t%%%rﬁ%n&hllt'tre&lkd fn¥ pﬁ{rality of global /O
lines and to prevent data latched by the second row of sense amplifiers from being
lost when the first set of common isolators is operated by the isolator control logic to

allow data latched in the first row of sense amplifiers to be transmitted to the

plurality of global I/O lines.

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

a first bank of memory comprised of the first and second subarrays, the first
and second set of subarray isolators, the first and second set of sense amplifiers, and
the first and second sets of common isolators; and

a second bank of memory.

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
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bit lines to a second row of sense anplifiers, wherein
the second set of subarray isolators are operable by
wa bwsheobat or control logic to allow data i n aP@US2004/043672
within the second subarray to be copied to and
| at ched 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 110 Iines, wherein the second set of comon
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 I/O lines and to prevent data | atched by the
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clarm'l, % rt

er conprising: a first bank of nenory
conprised of the first and second subarrays, the first
and second set of subarray isolators, the first and
se&cond Theineafors énde drpdimf4, ehsieirathe coritivd 1dgic & thualred
second sets of common isolators; and a second bank of
el garediio radeéverremini yead soingand fwheteadatn lias afr@mityﬁv@ﬁn COPied from
conprising control logic configured to receive rea
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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.

7. 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
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first row of sense amplifiers is transmtted through
the first set of comon isolators to the plurality of

WQLwbhae69d7 0 | i nes. 5. The nenory devi ce of cl aRCN/4$2004/043672
wherein the control logic is further configured to
receive a mni read conmand where data has al ready
been copied from a rowwthin the first subarray and
| at ched by the first row of sense anplifiers, and to
respond by operating the first set of conmon isolators
to allow the data latched by the first row of sense
anplifiers to be transmtted by the first row of sense
anplifiers through the first set of common isol ators
to the plurality of global 1/0 lines. 6. The nenory
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upon recei pt of a read command. 7. A controlling
device conprising: a first storage |ocation in which
d#t a cdhe eomiobiing deyicstoficlagm df wherwis ashinhigad gomprnd isof
menory cells within a menory device is stored; contro
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0. The controlling device of claim 7, 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.

10.  The controlling device of claim 7, wherein a read command is 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, but 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,
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a menory bus coupling the control logic to the nenory
device to allow commands to be transmtted fromthe
W@ 2095/061967 ogi ¢ to the nmenory device. 8. The corETO510D41¢H3672
device of claim7, wherein a mni read command is
transmtted by the control logic to the nenory device
if the contents of the specific row are already
cached by a row of sense anplifiers and the specific
rowis the open roww thin the bank to cause the data
cached by the row of sense anplifiers to be output by
the nmenory device. 9. The controlling device of claim
7, wherein a mni row activate command and a m ni
read comTand are transmtted by the control |ogic to

the. contents of t ecific
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i C ro en row wthin the bank
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W|th| n the bank and to cause the data cached by the
row of sense anplifiers to be output by the nenory
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to cause the contents of the nenory cells of the
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data copied from the specific row and cached by the TOwW 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
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read command are transmtted by the control logic to
the nmenory device if the contents of the specific row

W e®saeweal ready cached by a row of sense anpl RET/682904/043672
and the specific rowis Dot the open row within the
bank to cause the specific rowto becone the open row
of the bank and be nade ready for a read operation,
and to cause the contents of the nenory cells of the
specific rowto be copied to a row of sense
anplifiers so as to be cached by the row of sense
anplifiers, and to cause the data copied fromthe
speci fic row and cached by the row of sense anplifiers
to be output by the nmenory device. 12. A conputer

system conpri sing: .82 Rrocessor:. nory devi.ce

havi ng e dEeroay B Simetinis i CPREGlvin fu g fsmiry fgvicsrto allow
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storage location that the nmenory controller accesses

to determne if the contents of a specific row from

whBch dat aomputtosyeRn sfathimi2) @hg@enshe tehtd] [Reskmito h mini
data fromthe processor is already cached by a row of

s eersleconmpinil fto ghesneroryl device Hétokconfentshef thpspetific cow dnni which
the open row within the bank; and 61 WO 2005/ 066967
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logic tQ the nenory device to al]ow co nds to _be
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device. 13..The .conputer .systemof claim 12, wherein
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the menory device if the contents of the specific row
from whi ch

14.  The computer system of claim 12, wherein the control logic transmits a mini
row activate command and 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, 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.

15.  The computer system of claim 12, 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
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the processor has requested data are already cached by
a row of sense anplifiers and the specific rowis the
WQRBA0660%7 Wi t hi n the bank to cause the data caRCiEUS1994/043672
the row of sense anplifiers to be output by the
menory device. 14. The conputer system of claim 12,
wherein the control logic transmts a mni row
activate command and a mni read command to the nenory
device if the contents of the specific row from which
the processor has requested data are already cached
by a row of sense anplifiers, but the specific rowis
not the open row within the bank, to cause the
specific row to becone the open row wi thin the bank
and to ause the data.cached by the row of sense
ARSI Y S BRTES *Pre s Grhed b £a ohsgnsere
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t Qf kdnSe ARPBMits BEYE Giffpit by iRem&ABLRRIReOf the specific
row fromwhi ch the processor has requested data are
not al ready cached by a row of sense anplifiers and
the specific rowis not the open row within the bank
t 36. cadsmethhé capprisifigic row t o becone the open row of
t he bank and be nmade ready for a read operation, and
t o caudetermaingorfiedier sr vt theeonipaiporiyn spedifigrayt of themory cells
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menory device.” 16. A method conprising:
Woeh baik ¢¥ra féhorlyRvice i WRLE tRfsuBartRas idch@ds ow of

menory cells
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.

17.  The method of claim 16, 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 mémory 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.
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within a subarray of menory cells organized into
multiple rows and colums are already cached within a
WO amMs06696ENnse anplifiers; determ ni ng whet her RET/HSA004/043672
the specific row of nenory cells is the open row of a
bank of a menory device in which the subarray is
| ocated; transmtting a mni read conmand to the
nmenory device to read fromthe row of sense
anplifiers a portion of the contents of the specific
row of nmenory copied to the row of sense anplifiers
if the contents of the specific row have been copied
to the row of sense anplifiers and the specific row
is the open row of the bank of the nenory device; and
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contents o he specific row have been copied "to the
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t he open row of the bank of the nenory device. 63 WO
2perodi06h6 8617te DL the SPLIficlrdw/ 10 bé cBpiéd To Be 1@y off emseranpldibrs
of claim 16, further conprising transmtting a row

aend teaeed fromrharay efenssamplifiors,: pasiiorcel the copi¢ads efifhe specific
specific row the open row of the bank of the nenory
d&®ce, waiting for the row activate command to
conplete, transmtting a read command to the nenory
devi ce to cause a set of isolators to pernit the

tents fic rowto be copied to the row
senégemgtf#g{lp?mg S%:é and to read fromthe row of sense
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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 /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
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.

20.  The method of claim 19, 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
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row. 19. A nethod conprising: operating a first set of
isolators coupled to a first row of sense anplifiers
WO p0ospe®pbnse to the receipt of a mni read coPGEESR004043672
all ow data copied into the first row of sense
anplifiers froma first row of nmenory cells of a first
subarray to be output by the first row sense
anplifiers through the first set of isolators to a set
of global I/Olines that further couple the first row
of sense anplifiers through the set of global UO
lines to an output of a nenory device of which the
subarray is a part; and operating a second set of
i sol ators coupl ed between a first set of bit |lines and
the first row of sense anplifiers in respo_n(fﬁ to the
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19, further conprising operating the first set o
| s@lplifiefsbeingdodtsol ate the first row of sense

anplifiers fromthe set of global I/Olines while 64

WO 2005/ 066967 PCT/11S211114 /0 4 3 6 7 2 allowi ng the

second row of sense anplifiers caching data copied

f 2dm a AsBleetie-pespssitds madigpy spnyBising code at wherpixgeuted by a

through the set of gi:qobal 1/01ines to the output of
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t he second row of sense anplifiers e n t
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rraéé\%'i ne- accggeslgﬁe nedi u(r)n corrprdlllglff%eas code that when

execut @godd¥ma 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.

22.  The machine-accessible medium of claim 21, 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
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processor within an el ectronic device, causes the

el ectronic device to: check whether or not a nenory
wQ@lzos069s capabl e of caching the contents of BCT/US2004043672

menory cells within a row of sense anplifiers; program

a menory controller to transmt a mni row activate

command to activate a row of which the contents have

been determ ned to have been cached w thin a row of

sense anplifiers to make possi bl e the subsequent

reading of the data fromthe row of sense anplifiers;

and program a nenory controller to transmt a mni

read conmand to read data cached within the row of

sense anpl ifiers inlieu of reading the data directly
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Ofrofd B8 Rde. further causi ng the electronic device to

transmt a precharge command causing the row of sense

anplifiers to be isolated frombit |ines that

ot herwi se couple the row of sense anplifiers to

colums of nenory cells within a subarray while the

precharge operation to precharge the bit 65 W

2005/ 066967 PCT/US211114 /0 4 3 6 7 2 lines is carried

out so as to prevent data cached within the row of

sense anplifiers frombeing |ost. 66
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