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the benefits of higher storage densities and |ess
power consunption in conparison to other nenory
t echnol ogi es, including and nost notably, static
random access nenory (SRAM devices. However, these
benefits cone at the cost of incurring various delays
in accessing the menory cells making up a DRAM devi ce,
both at regular intervals, and in the tinme periods
i mredi ately before and after each access to either
read data fromthe nmenory cells or to wite data to
t hMEERODYANE! ABPARATUI FOR MULTARILE ROWICACHES PER BANK
skilled in the art, these nyriad delays arise from
the dynam c nature of the storage of data that gives
EEQM devices their nane. Each nenory cell is made up

s configured to function very much like a
capacitor that stores the binary O or 1 representing a

' f data as a charge. This itor-like, )
300047 B it s A Fismmaony (RN devigss provide the benefits
transi stors and.| ess Pomer t han does a nenory cell of
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and | ower power consunption of DRAM devi ces. However,
t%@orgé%negwéi inglpding ped meglifotaply. statis gansfon gogessimamenry
| eaks the charge over tinme, allow ng the charge to
dERAM) deyices.t Hpwevesntiesedsnefits aome at thh eosief incuingaarigus
out refresh operations to restore the charge at
rdetaiys br adcegsingvihe menibhy eclls annkingapec DRAM Idetiee, both at regular
configuration also entirely loses its charge (i.e.,
linteevals) and igithe time gedddsvimarediatady befargmdrafier exbriccasg td dither
binary 0 or 1 is WD 2005/ 066967 PCT/ US2004/ 043672
remidiata fromtthememony gells ef to, wtiteataetty thegembiynglls.
subsequent operations to be carried out
[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



to restore the charge representing the binary 0 or 1
that was just read. Furthernore, due to the mnute
waapbiotaede and transitory |ifespan of the di scher/ysmo4/043672
charges received fromthe nmenory cells when the binary
O or 1 values are read, sense anplifiers are needed
to both anplify and latch the di scharged charges
received from the menory cells. This sane mnute
anplitude al so requires that the conductors carrying
the di scharged charges fromthe nmenory cells to
correspondi ng sense anplifiers be precharged to a
voltage level that will not nask or overwhel mthe
di scharged charges such that the sense anplifiers are
ead (rem tBe memony exdk thezgby ryquirieg aiibsequgntopgrations toi beocattiesl out
binary 0 and 1 values read fromthe nenory cells.
o090k the chargetrbpreseafing die topary Qtor d risattvcas just retadi Futthermore,
charge stored in each menory cell, the operations to
dwstp tireeminiter ayardithdesandi transikary hifespamof the disehargegitharges
operation, and the, operations to precharge
cotitetfromshd memonrdells Bieh e tiha g Dar dedlveh arcgesd, sase
wel | as other maintenance operations, that inpose the
aBplifeSard abaled té bath aaiptifp stfd 1afch dheddischarge@ SHargeDleceived from
enpl oyi ng DRAM t echnol ogy. These del ays have the
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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



a grouping of nultiple DRAM devi ces. However, the
addi ti on of SRAM devices to serve as a cache

w0 e@querdst y adds many nore conponents (ther ebyPCT/US2004/043672
i ncreasing costs) and a considerable increase in the
amount of power used. Also, the interleaving of
accesses to nultiple DRAM devi ces adds consi derabl e
conplexity and often a need for w der nmenory buses to
a menory system nade up of DRAM devi ces. Sone ot her
way of counteracting the effects of the disparity in
speed between processors and DRAM devi ces that does
not suffer these drawbacks woul d be desirable. 3 WO
2005/ 066967 PCT/ US2004/ 043672 BRI EF DESCRIPTIEN_OF
JeNEccDRAWCRBSTdd oG pavitmacspyserngde paliffereriddRANYdevices out of
advant ages of the present invention wl| be _apparent
4 groapimgsf imultile DRAMalevices. | Howevewy thy addiféonfof|3 vices to
detailed description in which: Figure 1 is a block
siragisateaohe fraquenty dddsemanyenprie opinpgnentstpedbyoncreasing gosts)
cells. Figure 2 is a block diagram of an enbodi nent
BEDA EdtisTrabldianisasefin frermtount cipdveer asadanijeal thevinterleaving of
mul ti pl e blocks of nmenory cells. Figure 3 is a block
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Figure 4 is a bl ock diagram of an enbodi nent enpl oyi ng
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enbodi nment. "Figure 6 is a tlow chart of another
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and DRAM devices that does not suffer these drawbacks would be desirable.



DETAI LED DESCRI PTI ON [ 0006] In the follow ng
description, for purposes of explanation, numnerous
waledsib®enre set forth in order to provi de a tPOF/USZYN4/043672
under st andi ng of the present invention. However, it
wi |l be apparent to one skilled in the art that these
specific details are not required in order to
practice the present invention. [0007] Although the
foll owi ng di scussion centers on DRAM devi ces in which
menory cells are organized into one or nore two
di nensi onal arrays of rows and colums, it will be
understood by those skilled in the art that the
invention as hereinafter clainmed may be practiced in
B DESCRIPTIVON OFTHE DRAWINGSevi ce  havi ng nmenory
cells organi zed in any of a nunber of ways, including
interl eaved banks, arrays of nore than two di mensjons
[000%]. , he ebjeb@yfeatwres pandtadaaiiages & e present invention will be
content - addressabl e, etc. Al so, although at |east part
gpatdneto sel skiled gn thiesictis viewnof thefillomingdetaiteduiescripdion &bs
within conmputer systens, it will be understood by
WhRrge skilled in the art that the invention as
herei nafter clainmed nay be practiced in connection
w th other electronic devices having nenory devices.
[ 0008Fighirgiiea Blotls dagsimef dnfangwdishent kmplavifizsmbleck ¢frfaemory
enbodi nent enploying a block of nmenory. Bl ock of
pdlsory 100 is nmade up, at least in part, of upper

subarray 110, upper, isolafor row. 116, |ower subarr
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Figure 5 is a flow chart of an embodiment.

Figure 6 is a flow chart of another embodiment.



such that each of these arrays becones one of a
mul titude of banks within the nenory device. [0009]
w@ewok/oeper subarray 110 and | ower subarray 12BCHDS2004/043672
made up of rows 112 and 122, respectively, of nenory
cells (such as nenory cells 113 and 123), and each of
these nenory cells stores a charge representing a
single binary 0 or 1 bit value of data. Menory cells
113 of upper subarray 110 and nenory cells 123 of
| ower subarray 120 make up a single one of many
columms of nenory cells spanning across rows 112 of
upper subarray 110 and rows 122 of | ower subarray 120.
Each nmenory cell wthin each colum of nenory cells
DBTAIED DHIGRIPEFION10 are coupled to a comon bit
line for that colum in upper subarray 110, such as
bit line 114, and correspondingly, each nenory cel
0061 n Eathk folddwing defcription for prepases PlrexplaRetion, SUBETOEy
120 are coupled to a common bit line for that colum
denailsaveset Sortisinraager td piyvideiadhorasglbimderstanslinigof. theprepen| t
line within upper subarray 110 (such as bit line 114)
aRehtac Mosevee ipailidiergpieitt tb bneskill¢dinrthd andrat heksaspeeific
120-(such as bit line 124) are both selectively
SR £EindtQequifedrin 6RO Rlpragics ersgresenpinventem. wi t hi n
sense anplifier row 130 (such as sense anplifier 133)
WobtE alamohsi te fbBevingldseissionakhtyrs dnsDRAMedevicesin which
ot her by corresponding isolators wthin isolator rows

it RANGIE 2R orghfiSdiBiGtd MRloY nlofe /b @imehsioha lafrags dfkBwaand
128).” Furthernore, each of the sense anplifiers of

SA0REs, 3P l;e: lﬁfdefs%d%gh&sé Yeiled@s e B8ehARMR inléion ks 3)
y

'S se%ectlve coupl éd via a correspondi ng isol at.or

é?rglglg{t@rlsc}@ilglli z%l%%ﬁﬁiic&f)in%uﬁg&p@ and/tPpd dfBerhy@vicas

used to coupl e toget her
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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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their counterparts in other blocks of nenory that also

make up the array of nenory of which bl ock of nenory
wao®siesder part. [0010] Each one of rows 112 anPCT/RR2008043672

i ndividually coupled to row address decoder 140 via a
separate one of word |lines 144. Through word |ines

144, row address decoder may sel ect a single one of

the rows out of rows 112 and 122 to be accessed.

I solators within upper isolator row 116, | ower

i solator row 126 and sense anplifier row 130, such as
isolators 118, 128 and 138, respectively, are coupl ed
via separate ones of isolator control lines 154 to
isolator control logic 150. Isolator control |ogic

UG thmo edctliof dtess arr4yd besemest oriesd b anudtiwdept banks withar the

i solator row 116 and |ower isolator row 126 to

memestdevitky couple the sense anplifiers of row 130 to
one or the other of the bit lines for the colums of

@mr y @t ppet subafagil 1aid leppesubasap 820 ay niadd upof rows 112
ower subarray 120 when a row of nenory cells in one

Hd 12DEreRhddBTely BF nHIRG BHD@NEYS AdforgreellOVEY arsiLIRA), raay each
120 i s selected through row address decoder 140 to be
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coordi nates the use of ~“isoOlators w thin upper
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bl 138 b9 B0 By b o Ao comin

CEi .
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I'nes ‘are precharged 1 n preparation for
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\c/grezsggr?c{ir?gqg,ge%Zh rﬁ)lce:r-l;l/oy}? ggp\%{tgiﬁ%gghzcolumn of memory cells in lower

subarray 120 are coupled to a common bit line for that column in lower subarray

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

as global 1/O line 164) used to couple together corresponding sense amplifiers with
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[0011] In sonme enbodi nents, both row address decoder

140 and isolator control 1ogic 150 are further
w@ouwpheetr o status [ ogic 160. Status control |pQI/USHE0043672

stores information concerning which one row out of

either rows 112 and 122 is the row from whi ch data was

copied into the sense anplifiers of sense anplifier

row 130, thereby allow ng coordi nati on between the

use of row address decoder 140 and isolator contro

| ogic 150 to nmake use of occasions when data froma

specific row has been copied into the sense

anplifiers of sense anplifier row 130 to speed up

accesses to that data. This coordi nati on between the

tH&P BRirtdrpar®Sin Gther SRICRS S mEAGT Rt alsoagike updhe srvayoufimherndry

various Isolators, the capabilities of row address

&Q&ﬂ&%lgéﬂgfﬁlemogﬁj(@qgagm_ control access to any given

row, and the capabilities of status control logic 160

@61(}]? aclgWhahe Sab@s MESaREEN ik fldpieshiolibled fLtoseaddress
npliifiers of sense anplifier row 130 may be enpl oyed
t i i .
kol G o PBEaRERTE Ry oo RCTBAERIAI R i SRS S
%@66&8% g@%&&%@g&g& P%lr‘{%iéocgﬂe%?%e Blys DeNSEoRTRIS EA® 127 BWe

row-w de cache of data read
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operations_as a_precharge to close _a row fr wWhi .

conteo st BEhpoRAG DG o ofd S 3 i e ol 6018 gna
anplifier row 130 while sinul taneouslé_fal | owi I[1Z?Ig][3r0§ad
byyesr dgolasprrowniBode seleqieelysouplatheirass 3 Hﬁf%?}fM PR VI O8° o
to occur. Wth each block of nenory (such, as_ bl ock of
thernshey of G®)bit lings fordhesolypngoipen &§aflin either upper

PCT/ US2004/ 043672 .
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.



an array within a nenory device having a row of sense
anplifiers that is enployed in such a manner, a |arge
WOorRewsge9eevi ce havi ng numer ous bl ocks of menorpCTUS004/043672
be provided with a formof roww de cache system of
consi derabl e size. [0012] In a nenory read operation
where data froma row within either upper subarray
110 or | ower subarray 120 is requested and where the
contents of that row are not already currently
latched within the sense anplifiers of sense amplifier
row 130 (perhaps as indicated by status |ogic 160),
row address decoder 140 activates an appropriate one
of word lines 144 to select the rowwi thin either
[OUINF"  SRaMmE@ynbbdinents, bbthwew addrosy deggder 160 tahdiisolatortcgntrol
be read. The nenory cells of the selected row are
1&%@ﬂﬁpéfre(fé&*&%@@oﬁple(ﬂiosﬁilwlggictlbé. Staarsgrestrbidogicliod Isfores
those nmenory cells either onto the bit |ines coupling
i Frﬁétio%%ﬁéérﬁmg LARCH GnetBReut biseithet mwsr A ahd 622 i the hev
selected row is within upper subarray 110), or onto

3% whlch dat 65 &,guazal ih{3Ghd QB aipIEFRS aseA@amplifick eove 130,

I'solator row 12 if the selected rowis within | ower

OB Blna b ) g okl Omicacdi e
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arges fromt nory ce
t he selected, row are. dischar " i : .
e 13005 Sortiod VP R PTe SO jicg igiaddiss dbidier 140 o

isolator row 116 or |ower isolator r,ow. :
shet aceonit pgredp 8ny FreL s 30 s pHEIIESSH B coprollogic
anplifier row 130 fromthe bit |ines qf. whichever

10 tagisek viabs s DT Ahed Difdhe 508 BRRGist: Of sense dmptitier
PCT/ US2004/ 043672 ) )

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



| ower subarray 120 is the subarray in which the
selected rowis not |ocated in order to avoid
wanweoe®sari |y subjecting the sense anplifi er SPEADUS1964/043672
extra capacitive load of being coupled to bit |ines
that are not used to the transfer of the charges from
the nenory cells of the selected row The sense
anplifiers of sense anplifier row 130 receive and
| at ch the discharged charges fromthe nenory cells of
the selected row, thereby latching the data that was
stored in the nenory cells of the selected row
| solator control |ogic 150 further operates the
appropriate one of isolator control lines 154 for the
hr @t Witlsin Wi rhdihdry Sleviee havipg b foveof senve dBplifias thatisleepldyed
sense anplifiers of sense anplifier row 130 to

GO4uCk 8 ReREEN 8§ 1:8bORBMody & videnRsingnheestuy bidckowf mgmbiyecould
data latched in the sense anplifiers of sense

B@Exloivfde& rwithOWokR Qf koW RBdOeHCRY byshyn bhensiderbleysigtevi ce.
[0013] In a nenory read operation where data froma

¢ ’ . I (
g%gr‘r a;lh A éﬁéxﬁ&? ree%fatmﬁ WiRfe di¥a M aQbw! i either upper

120 1s°r ted and where the contents of
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sense’ anp iers ense a ifier row 130 (perhaps
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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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[0014] Furthernore, following a nenory read operation
where data is requested froma row having contents

W0 b@s/obe@ee not al ready been | atched within t hePEENSI04/043672
anplifiers of sense anplifier row 130 such that data
had to be transferred fromthat row to those sense
anplifiers before the data could be output by the
menory device, the row just read may be closed with a
precharge operation. During the precharge operation,
the bit lines used to transfer the contents of the
menory cells of that row to the sense anplifiers may
be isolated fromthose sense anplifiers via the
I solators of either upper isolator row 116 or | ower
los/et aibatray 020 k26 {ubemaynii wigclothesblectaé row ksenot lagaie & aigler
cl osed by the precharge operation is wthin upper
©URBId EMedearidy subfiseing thrisbaseramplifi2t)to she axtratcapaedivgdoad of
| at ched by those sense anplifiers is not |ost. Taking
@&Hglé&m it sthabirk nbtuske teie nyndet oftthecharges fimnyihag
of the bit lines coupled to a row fromwhich data was

IS orr Qs 8 tHelsBREBBYoWw. PR S@sd NAplifi@ndf sohsd anplifive soe$30
to tHat data fromthe sense anplifiers continue to

[3K8e Qh@%gch%gd@&f A BRSO REm BN hY eells b delseletted row,

nmenory 1 Is selected for access (in other words,

%1%1: il% iﬁgEhe at PSSRt FED RAIBENREDS) cdIRYf BR sdRERE dow.
esirabl’e So that when a new row fromw thin bl ock of
ry. 1 is | W | 11i
PR ol bdic 30 BlruREbREhE e apfiopibl ohe DETsOoR eafrol tines
bef or he W[ L% i
2545§$W%ﬁ°a&ﬁ%wgﬁPﬁg% gﬁggﬁgﬁbgpprec%gwggﬁgggggfﬁg#ﬁmSOf
nmust be .j.ncurr to cl ose.on r
S BEPLEEEEC0 S bR apale Hhet, ey Al e daca
way qf referring.to avi ng t "W ong’' j en
$iided an i ceeseanyErs o A gubl Gov S vE D 158 Skl b Ry
words, the use of isolators described, above, permts
MemaEY deVi€ome precharge 11 WO 2005/ 066967

PCT/ US2004/ 043672 e
[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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operations and operations to access data to occur in
parallel, and thereby affords a way to avoid incurring
WGE s/ 0page N ss tine penalties. By maki ng use PET/BE82004/043672
preenptive precharging, the | esser delay from
activating the new row may frequently becone the
| ongest remai ning delay that nust be incurred (a
situation that is conmonly called a "page enpty" as a
way of referring to there being no rows still open).
[0015] In an exanple nenory wite operation to a given
row wi thin upper subarray 110, where the given rowis
the currently open row of the bank of which block of
menory 100 is a part and the contents of the given row
[0euf al Fedlsymbese followdng &chetnory teed spersdomwhere idatgrigrequested
wWithin sense anplifier row 130 (both conditions
P6h R2ew hatisliz cohtefls yat Bivatnes alrengly bedicdjched fathin the eense
operation may be carried out without being preceded
BYpIfFick OV Rfidel dalTicP PRV 230 Quth tieat dpehad kebegiramsferrediirom that
I sol ator control |ogic 150 may operate the isolators
Wl ﬁ@tﬁbs@ QBSE 2@1pRikikdsitRforé ¢ dhBolid teastphe blylikee msmnyedevice,
anplitiers of sense anplifier row 130 to correspondi ng

855w Ist @faﬁ bty vk’ @odell WGt a ptéchafge dpefatibn! Daridg tie precharge

recel romthe wite operation. |solator control

| ogi.c. 1 . i e
?é)eg+t§)tllbi?1g rbé%i gge?loco %Qﬁé'f?tt e LdiRert$ 6 @b BlctnoMy EE1LSTOS Wik e6w

to couple bit lines within upper
Q#B? ans% P%l%)gf%léé lﬁ?asl b%slsc}%tl&% frbﬂ%és@%}nl%%ﬁﬂl‘i‘ﬁeﬁeﬁ§ fhe isolgtors

Sense anp ler row 130, "and row
S S ALY RS ot 5 PARURA e e
GBS G B T RS o RSB0t e
ey dpvsng i dora e SR e FGhF R BB Rnd T FAne
%gga?l{[a%g %? t6h7is aF;)Ci:I-Ii-t/thJg %g)r%f' én?t4 éi grzecharging of the bit lines coupled to arow
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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cells of the given row, as well as being |atched by
the sense anplifiers within sense anplifiers row 130,
W b@soersent s of both those mermory cell's and tPOBES2004/043672
sense anplifiers are kept coherent with each other, as
a result. In contrast, where data received fromthe
wite operation is not also copied to the nenory cells
of the given row, the contents of those nmenory cells
and the contents of the sense anplifiers wthin sense
anplifier row 130 cease to be coherent, because the
contents of those sense anplifiers are now nore up to
date than the contents of those nenory cells. An
advant age afforded by storing the data fromthe wite
oppratiais i opatayionsotaocese dats ens@uninpardllebrand itserettyaaffordsss
time is required for the data to be stored solely
Wiyt tBiaoid ilt@Een Smsepagapiiss tie ertatites. By mdldug sewf sudhhe
data within those nenory cells, i.e., a formof "mn
piédnhyfiive gﬁ&hﬁtgiﬂg[‘ theilédReraieRiyatdm hiétivarigs thehemt rew mipfrequently
required for a wite operation that includes storing

1%_@&% VHetibrh g2 sit 1R RR B AEARM Y thetethhs be RRYE (a dituation that is
I sadvantage arising fromstoring that data only in

AL f o6 Be-Hei )
R ™ B ar s o
‘%pk‘l’ﬁjp those sense anplifiers can provide only

enporary storage and that the nore up to date

ent 0 . Lt |

l_&@?%} :oﬁbaen e RER PR TlatibR S thich Y ST
into e.ne . .t
%lg)ﬁrtr@rn{]@f glihere?ﬁé ivESEdw islRe B{rl?e;ﬁlﬂgtrogéx??om {Bie BBnl &F Wiake

0Se sense anp rom being | ost.
btk o B 05 8oL g B8 BB Rp b eBREntE HOkday been
GG itk en e e B mopr cngfneh % B e hnliftons
%{9}9‘2 é%g%;{ %P@%f@i&gé thrilgeagpecrjggo% M5 beb(?an:lrg’d cWP 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
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descri bed as having been "posted" in the sense
anplifiers as well as causing the contents of the
waenses@npl i fiers to beconme describabl e as bei PgI/US2004/043672
"dirty" as a result of being nore up to date than the
contents of the nenory cells of the rowto which the
wite operation was directed, and a "witeback"
operation will eventually have to be perforned to
copy the dirty contents posted within the sense
anplifiers into the menory cells of the row to which
the wite operation was directed. In contrast, where
such data is received fromsuch a wite operation and
is stored within both sense anplifiers and nenory
&l los thefgitdnaowoss well adbediy Iatvhedby the seqmeraatpliiarsi within sense
directed, this behavior resulting in coherency of the
sSaplifRé fowi3l, ke earse dbpth thoermemandelihandthowrsgnse
cells, a formof "wite-through" updating of those
ERPRficts 6RlKept oRBrenDRitE 3hdh dilter@\ere$udt N cphteease whierd dega
the carrying out of the wite operation. [0017] In

AREGLDEFoR RERTiE SFRPRI i¥hotlaBoQRBTedltd MR rhéindty GENEST thegiven
wi thin upper subarray 110, where the given row is not

e M@g@&g & BREMARAYy ebid HR hadkn@hs ¥hhe Sensbh@pkiiat

menory Is a part, but the contents of the given

ek

OAERIPHHOSASHST bl R HAE A f BBy e
SRR R AL BB TRE ot
5 R B R R R R0 Bl S i
CIRENNE 8 N L R TR
ORE NS SR TC T IR RS R e SRR

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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within sense anplifier row 130 to couple the sense
anplifiers of sense anplifier row 130 to

we@oroseeqendi ng ones of global /0O 1ines 164 toPCHUSIN04/043672
the data received fromthe wite operation. Isolator
control logic 150 may al so operate the isolators
wi thin upper isolator row 116 to couple bit |ines
wi t hi n upper subarray 110 (such as bit line 114) to
the sense amplifiers of sense anplifier 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 fromthe wite operation to
also be witten to the nenory cells of the given row
RRED5A s Magiag Bedn pofied’ intiedeakyamplifidraanvelasasng dry
between the contents of those sense anplifiers and

LPe5E SEADENSE Shnpiftierftd RLHME dytiBable bs Beingr! diity'ais 4 result of
operation is carried out where the data received from

%ér?rlg% %ﬂ%fé & PRBIAh P e chifteft 6f @€ nfthotyicBlld dfaherdweSehich the

lers and not in those nenory cells, then the

&V\]/ﬁ&t ogxrbé}aﬁgﬁfwzls hAsEed SN G "Aiibhfil " IpRrdteH WIR ethntiallyaiade & be
't ebac [1s will

opération to those nenory cells

gé/ ({r}tret\%? lécl) X(f;grg!ig ?ﬁ&i&:ﬁﬁ{e){ts gyg%t?{] FRn/Ee bdiRe gfnbfiﬂers into the

e

t S}oﬁya?eag;;&fgﬁi 58\,‘()’}1:1 ilcﬂ%gf]t%e&(r:?r rent y open S
wﬂgeegﬁbe thh et e sl nd § sPorbEbpindtin
45l LB
. E@ﬁgirmhmn by G R eeR aiee BB i e
Gt B Grerary cals, SRS Dham B S IPARTE GG GEFTRRE colls can

open one, and to prepare the ne I [
bewaid to b@e&@]@g@gg@g _dul_%gg the capping ggg%@gg wlrist’e 8geret1tpo%. grven

PCT/ US2004/ 043672
[0017] In another example memory write operation to a given row within upper

subarray 110, where the given row is not the currently open row of the bank of which
block of memory 100 is a part, but the contents of the given row have already been
copied to the sense amplifiers within sense amplifier row 130 (both conditions
perhaps indicated by status logic 160), the write operation may be preceded with a
mini row activate command. That mini row activate command may be used to
change the setting of row address decoder 140 so that the given row will now be the
open one, but without necessarily preparing the memory cells of the given row to be
accessed, thereby avoiding incurring the extra delay to allow such preparation of

memory cells to take place. Isolator control logic 150 may operate the isolators
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I sol ator control logic 150 may operate the isolators
within sense anplifier row 130 to couple the sense
wa@epbioédoer s of sense anplifier row 130 to corrBSPUSINSIGH3672
ones of global 1/0 lines 164 to latch the data
received fromthe wite operation. Isolator contro
| ogic 150 may al so operate the isolators w thin upper
isolator row 116 to couple bit lines wthin upper
subarray 110 to the sense anplifiers of sense
anplifier 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 fromthe wite operation to also be witten

HahinhenRRmplificcRiw 53006 dolisle Giewenseramplidiersosfsetiseasplifiet row
lines in a wite-through manner. Alternatively, if a

Bdto c%Eép%n&Bg btd Sip16tal FONlies d64 @Uhtch tiitedntd feeeived from the
contents of those sense anplifiers becone dirty and a

Whitd &Qgﬂéy{/x gs%?aftélt doRftol BgicN 96 enayRISer dpefeld the isbldtdrs within

~eventu e necessary to preserve the dirty

gggﬁr ?sgk?(gd%)\g\%qlg]ﬁo E&elfgééé\%iit hifRaskhie ﬁﬁﬁe@%ﬁmﬁytmo lofuch as bit line

ed , current “information
g tta#}}%l s2ke! p\’l\ﬁ}fae{‘sh&fr seh RAOnHRRELRWS1 R, atd\ oW &IH&s decoder 140
I'? FI°er S0t Tsense  anpl |

ol S Sen ler row 130 are dirty or
e nmai nt ai , i :
W&P%{ei tg%o%\yo 8 1n%§oq‘ V\{o%] ﬂn%snlvé\lnﬁ?ﬁ? ﬁsst dhaBBiBe givéd @,

_ I'ntai ne tus logic 160,
bl I [ i nf ormation.. NG b
FonrebAar T T B a)E b RS WLl Ripery
SR el i oS PR ] 408 A RAEy bowee

S v Bl 5 e S g 3P
menor evi whi ch bl k. of [
et opEEGAn B AR SRt e SHATocenEd Bompip s fitition

when 16 WO 2005/ 066967 PCT/ US20Q4/ 043672
is stored only in those sense amplifiers and not in those memory cells, then the

contents of those sense amplifiers become dirty and a writeback operation to those
memory cells will eventually be necessary to preserve the dirty contents.

[0018] In yet another example memory write operation to a given row within
upper subarray 110, where the given row is not the currently 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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bl ock of nenory 100 will not be accessed for a period

of tinme long enough for the witeback operation to be
w@ansiedeput . Al ternatively, the occurrence ofPEI/US2004/043672

writeback operation may be controlled by |ogic

external to the nenory device, such as a nenory

controller. Furthernore, witeback operations nay

occasionally be necessitated by the need to renove

dirty contents for one row fromthe sense amplifiers

of sense anplifier row 130 to nake the sense

anplifiers available for latching the contents of

anot her row. [0020] The provision of the isolators in

sense anplifier row 130 to selectively couple the

B6R&R c@!ﬁﬁililé%'i@!ls?o fhy 5pdae tesmRblaforewithinwedsd Anipifigh wival 30 to

1/0 lines allows the sense anplifiers of sense

&ﬁ?ie‘ tht Sdnsé M ARYs bPsase é'irﬁﬂé'l!ifi?ér@&vfl_BO 0 &ditisponding ones of
corresponding  global 1/O1ines while sense anplifiers

orr " t
%Ylbf(;@g{b flﬁ% I{B_Qrto P @cthe Qhita PERREY RNPhE HHE Bfkratich. tIBelator

ines, and either transmt data | atched

%Q}ntul%'l fb gé?%@ﬁﬁ?cgﬁ@é g{eiji%lﬁorsqm}ﬁn LpSer Hodiidd rol/ 126 to

nes, ata 1nto those sense

L f. | I Lo\ ifi
ORI T B BT RE bV 1O ) B shRE ampBblos W bTRE mplifie
f i I [1S; ;

R 38 38 r@Ridess Ferd L LT e Soitf RS e TS ink B WOl lines

[ th bl f 100 and .i . .

Kk coar B R RE VR SRR GreRRe gt REppA BB i
GRS BAPOJE HrBtRdY e el Sabreeg Ay Aok thBse bi
t hereby providing speedier access to. that dat.a for ied
beesig 8 walg-threue e teﬂ?@"%ﬁﬁﬁ??“ﬂ‘ewt@é).peﬁa g carried .
Al t hough the di scussion and,gﬁgiction of bit Ilngskin
piigthea the eamjentssefghese senss @mpliiersbecoins, dixty and g vgritgrac

i ne per colum of nmenory cells, those skilled in 7
VEEraG0sI0Begsre Ty celpudly gatstipbe 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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the art will readily recognize that this sanme
di scussion and depiction of bit lines may also be
wa@ppsioe®et o enbodi nents in which pairs of bit PCTES2084/@43672
enpl oyed for colums of nenory cells to support
differential signaling such that a bit of data and its
conplinment are transferred across pairs of bit |lines
between a nmenory cell and other conponents. Also, to
ensure clarity, it should be noted that the specific
depiction of nenory cells 113 and 123, bit lines 114
and 124, isolators 118 and 128, sense anplifier 133
and isolator 138 are specifically depicted in Figure 1
to provide an exanple of an enbodi nent of an

KEThARGy Q00 GATRONR YcBesi@kiond f@ﬁocﬁoﬁﬂirﬁ@ Idhg enohghnfor dfe
storage wthin upper subarray 110 and | ower subarray

%%%%X@kt@'e&tig#x esle %l?dr&ﬁo IWterdBvely thé obt@ipletiéd 6 Wiiteback

onents of a single colum should in no way be

1 t ) %Sﬁ . B . has |
(%)%ga%g (%1 ILrjrSaS!nb,enggHglny rﬁe) g tgﬁta%b%g h)e%‘%odi ms% ?e‘éﬁ%lsl hzi\(flre1 d
Igugllgtgﬁl%(gqloe 5@8%;* lpg%ﬂ%r%{bge WLSE (rgﬁ%raﬁ&fs Whﬁonally be

onerit's wou e repli'cated many
times t Vi d | titude of
R e L

menory 100 centers on onf.i guration inewWi t
AP g et At Puirer ST Gyaheath SR ippiS s
in the art wll _readily recognize that various other
b@?@&gﬁh%c@ﬁ%ﬂf’%%\’i’?‘?r W-a block of nenory may enpl oy
only one subarray or nore than two subarra Al s0..
F9R0} he Thegrevisien ef e 1S0JRtors T $E0SG %‘“@étk‘)eéiw)a[‘?ﬂ SySRtyely
the use of the ternms "upper” _and "l ower' i lone .onl
pouplecibe gense iaowlifierstoh sense AMBRIGHTIW 1i3g’é° &WBH@V‘P ﬂ‘&%sealﬁ’wsyﬂ‘e
skilled in the art of using the ternms "upger" and .
sdnsevemplifiers df smergmpléfier asewﬁg P b%olét?éafm“g 1T GRTTESPORHNg

2005/ 066967 PCT/ US2004/ 043672
global I/O lines while sense amplifiers within another block of memory are coupled

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

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

suggest the use of only a single bit line per column of memory cells, those skilled in
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di scussing inplenentations of blocks of nenory in

whi ch two subarrays are present. The terns "upper"
wa@eas/0beekr " shoul d not be taken as denoting aPyT/i/82003/043672
of relative physical |ocation or orientation of the
two subarrays depicted in Figure 1. In other words,
this use of the terns "upper” and "lower"” is neant to
acconpl i sh nothing nore than would the use of terns
such as "first" and "second"” in distinguishing

bet ween two subarrays. [0023] In various possible

enbodi nents, upper subarray 110 may be nmade up of a
quantity of 256 of rows 112, and | ower subarray 120
woul d be made up of a quantity of 256 of rows 122. In
tabah valrbedilyesiognizea tiguthid saine difcu§orodndadepiskion of bit lines may
menory, such as bl ock of nenory 100, woul d make up
Aacbe HpNkd &f efiBsidn¥nts i WhichPAEy of biehiries @re angloyduefor columns
menory devi ce woul d be made up of 8 such banks of
SEHGHYry EVRYRbporddiftdiasial Sialih@sudhrhithebisitdar drd its
readily recognize, various differing quantities of

%%EE&% ?ﬁ%gfe?ﬁéd 2S8R B bi BhesBe@Rkentd mBRBBY 34l and other

menory per bank, and banks per nenory

E’cﬁl‘{éo%%m@?m&? (CIRLRY St HeHid vieRRId thitdhe §geeicidafiction of

spitit and scope of the invention as hereinafter

I&lse%:ogfge'lls [199%%1 129 vy koY @@ﬁ%&?ﬂs&aﬁﬂp Pl SRR, sehfe

! or$ 'wi thinsense anplifier row 130, such as

(B0 R P SRR e S5 e o
ceale S ATrERb Sy o EnhR o SR FHEDS mERNAabEE
B TG B A58 e o
SSRaCt A 5 oo b SR R b b5y e
I;’ngs/leJ?g g)os?l/ggé§ ?h7at2block of memory 100 has only one column, as any
reasonable embodiment shall have multiple columns, and therefore, the example
assemblage of components wduld 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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[0025] Figure 2 is a sinplified block diagram of one

enbodi nent enploying a bank of nenory. Bank 200 is a
whamk/oeenenory nade up, at least in part, of PCT/US2004/043672

subarrays 210a-d with correspondi ng sense anplifiers

230a-d and isolators 216a-d, isolators 238a-d, globa

1/0 lines 264 and colum data mul tipl exer 268. Bank

200 is one of a multitude of banks of nmenory making

up a nenory device. Those skilled in the art of the

design of nmenory devices will readily recognize that

Figure 2 depicts one formof a relatively sinple bank

of nenory, and that alternate enbodinents are

possi bl e in which the exact arrangenent and

disckdigg inileraentaions of bjvokeoftisemery ib&vhichdwesubarsayg geepresgnt.

or otherwi se altered without departing from the

B teirhs 'apPers aAP Elotkr "t sheuli meskentakémasatenotdrg @y form of relative

hereinafter claimed. For exanple, although for the

PR aObctiolk bikhtiticH ofdheGussibamaystipictedG0 Figure dpihe pther

as having only four nenory subarrays and each of

@VBR?,eth_ﬁu.@@E)f BY SerfiR e'ﬁ%ﬁb@‘t arfiNa6eerais A¥unofo aeomplish nothing
anplifiers wth another subarray (as was depicted in

ng& Doudidhe el df s 8@k "Virst UngieTsséonatildistidposhing

ed 1n the art that other possible enbodi nents of

gg{g}ée SHW%?? rra_de up of differing nunbers of banks
and/or the rows of isolators may be shared by two or

ngzg} SsuBat L ays é)lo%s%)lg Qlnboliie fs?ﬁ( ef diAndy 216 nR§HB niie @p of

L g}ermry ;: s organi zed o rows ~and col ums.
EABEE LR Ay PP Ay AP St Ry
SRR 1500 12 RS TR, AR08 opesy
oS0 Mooy 8L 04 O U AR i
%noemvglr)y ggv(i)ge/, ggde aneenCaIr/}/ g\%(c)g \L?‘rV/OlCI)I%%%ZIZIadC 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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via correspondi ng ones of isolators 238a-d to
correspondi ng ones of global 1/Olines 264. In turn
waensocanpl i fiers 230a-d are coupl ed through tPET/US2004/043672
conmbi nation of corresponding isolators 238a-d and
global 1/Olines 264 to colum data nultipl exer 268.
Col umm data nultiplexer 268 is enployed to sel ect
whi ch one or ones of global 1/0 lines 264 are
sel ectively coupled to other | ogic outside the nenory
device of which bank 200 is a part to allow data to
be either output by or input to the selected ones of
global 1/0 lines 264. [0027] Rows of nenory cells
wi t hin each of subarrays 210a-d are individually

@95&' ed Ff%tﬁ'e ¥Qg§ dlsi &ﬁ‘i%%d bRk AghHl bESE detsudiiaent 24loying a

per-ates ose word lines to select a single row

%ﬁcmf?%‘jxg&g BluaSHRAS 6 SlEmen! BaRRuRaceas atpart, of

Ssola are 1 ndividually coupled to isol ator
controls 1099 & K VARHIRHSs 330ARPand iSRNROAIBBa-d,
?@Wﬁ’fso%lgagll‘glg?g&[egﬁ@e %ﬁlflee yﬂ) couspl e correspondi ng
ones of.sens JTRA 1 ifser hb8eBad 200 is
BEFRsS sy aipnablB et €t ity o Rlffudlier RCE
tines,  isol at ont.rol 1ogi¢. qoper Qe FRb& Rlited
F@ﬁﬁé&%Wﬁ“%@éggﬁls %P§@W§¥§u&g§$ﬁé§%§§8|ngv%%és 6% ©
sense anplifiers_230a-d.fromcorr ondi ' '
TEfhe e oh gAY SETERET RSy nreine Dol FlpbFES
subarrays 210a-d when thgs it. lines r har ged
depies one formpfre relatively amﬁ%ﬁﬂf% S R '@?%%P? QS
216a-d is not altered b%@a precharggpo&lrah¥on.. 0 of
Embpdimsntsasmpessibly iggyhicining exact grrapgsMepLand; OBHENEHY
238a-d to selectively coupl e sense, anpl i iq&s %FOand
comporantssipasbk Teguesdeanzatenindg sfheryispalisrrd withyt departifgfrom
2005/ 066967 PCT/ US2004/ 043672 g2028 In,%gﬁe
einhspdtiitread tssqpeted thie presenbigyePHED af tepoiaimedy Fot gagnle
contr ol )
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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| ogic 250 are further coupled to status |ogic 260.
Status control logic 260 stores information

W@ 00886631 g wWhi ch row i n each of subarrays 210BETUSR04/043672
the row from which data was copied into correspondi ng
ones of sense anplifiers 230a-d, thereby allow ng
coordi nati on between the use of row address decoder
240 and isolator <control logic 250 to make use of
occasi ons when data froma specific rowin each of
subarrays 210a-d has been copied into sense anplifiers
230a-d to speed up accesses to that data. This
coordi nati on between the capabilities of isolator
control logic 250 to control various isolators, the

vfaac%?g%}#&nhing%ngg of i9a@Fd388% 16 @6REPondAR ohés dglichat I/Arithes
contr acC

ess to any given row, and the capabilities

2@% eﬁxt t?l}g# E%ngsg gﬁl&ﬁheﬂs ggng-d 2R%duPled kirdhsh WBRbmERkAEE

eac sense anplifrers 230a-d may be

I d t I ] i i
cgaRoRing PLERE RN pAT Qo RS ot (b SN ARBNE er

I f IR z
2B PR At T B Sh e STE AT & B pRIEEE o f global
f cel | it hi h . -

Vehliaes 20 FotscasasvEd Beotas g SuuiP REE RS (RS oF
i sol at trol 1ogi¢ 25 ] t at | 0gi
wingoas 20R5F byata Biod ki o ey oY s sl ered
avoid incurring) time delays inposed by such
aperbelpbld/Qlng 28fecharge to close a row in any one

of subarrays 210a-d from which data has en copj.e
[802Hor r Rops nf msgopheells v 1§’é‘h%3éhé’?rﬁ‘llt?af’ia¥§ %{@3(8?{9 a‘?‘IIIH.gI‘%%
simul taneously allow ng read operations and/ or othgr'
wppledtvizowerd lings ftomcpddrass denpder 349, 8RaES thass WORUIRS? Klis
sets of sense anplifiers (each correspondi to a
sslepyh singlelvaw rvdthin eachioff sutparams %IO%WWCWCQ %@@P@@G@é?’d
PCT/ US2004/ 043672 200), a |arge nmenory device having
arelindividealynespled thanlktc2 0onted dogic BE0,pyluch afegrious 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 Jogic 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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with a formof roww de cache system of considerabl e
size. [0029] For exanple, in a nenory read operation
wob@seeadet a froma row within subarray 210a iBCT/US2004/043672
requested and where the contents of that row are not
already currently latched within the sense anplifiers
230a (perhaps as indicated by status |logic 260), row
address decoder 240 selects the desired row within
subarray 210a. During this tinme, 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
0028 Y LESthSe@bédmeitebotbiow dddnss deems240eandlisdlater eontrol
230a receive and latch the discharged charges from
fogfé PBNRS Bl dowpRfl 18 figrus Blgec26ad Stas corumil Eigye 268 storeng
the data that was stored in the nenory cells of the

SebRGHSH cERYnidSPhRh B6w GORICH Of subagiags 28A-d isnlicvew from
causes 1solators 238a to couple sense anplifiers 230a

fvﬁ%cﬂ 49 %%asjc/ogieh iiﬁlS%m]% ondiBEBERIOE sdtse AiipliBiedsi?804la] tereby
a y s i

che nse anp lers 230a to be transmtted

%{fﬂrvﬁ?i% chcg(rg?x%(g%{)&\gteédv\ﬁ? gﬁezgf‘}oRoadﬁfélsé‘moﬂﬁtﬁO and isolator

a Ssubset of the data

%ép%?oi glogﬁé rt§90 & ch%cg%g%]s%%fkgi (ﬁ%asi%rﬁ%tssgciﬁ@fbv@ﬁi dabh of

evi ce. o for exanple, in a

e
AR R i AP0
eI LHEINB ST B PR e PO ByS SHERHE0 B ¥ibe and
EREM e R § Rt e S
et s S B 5 S i S
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 aata read from oﬁe of the rows of memory cells within each of

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

operations and/or other operations involving that data to occur. With numerous sets

of sense amplifiers (each corresponding to a single subarray, in the case of bank
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anplifiers 230a to be transmtted across global 1/0
lines 264 to colum data nultiplexer 268, at which a
W@ awse6690T the data transmitted to nul tipl exerPQBBS1084/043672
sel ected and output by the nmenory device. [0031]
Furthernore, followng a nenory read operation where,
for exanple, data is requested froma row wthin
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 with a precharge
QMY atargenmeiDaryi deyice hevipg evtitiplg encspdbank 200 caubdbdhprovided
lines used to transfer the contents of the nenory
ethlafonh of het-wideeatlee sarearofaopsidéiblesiz230a nmay be
isolated fromthose sense anplifiers via isolators
Rib2e] so Horakarhple, i atrdemat$ reddadpefs@ion bshefeadusefrom a row within
anplifiers 216a is not |lost. Taking advantage of this

Aalral 210£isGequete@uid Whéte @RIGVntens of iR ehabenddbiréddy
bit lines coupled to a row fromwhich data was j ust

CRRIRE 1490hd B it ARSRAS dfpiifead 23mt(Ferﬁapms $®AGed by status
anplifiers 230a continue to take place and before

560, ﬂ'oq)"%dgiregg HEboa bR @k e HABddste SRIVEGIBH shiBkrray 210a.

access ‘may eened desirable to avoid incurring the

PRlY das §ak! %ﬁ%ﬂ)f Wit Fo &2@9@ ThS&: is&Ethfs’ 2184 &F htpBSense

1
operdti ons operat| S to access data are able to

|
%&@gﬁeﬂs 6382?{08&& lle(lfS icﬁ%}ge(gtogg% @e@g& %,J_h%EOS gg%efégztﬁﬁ rowa%fe

I'S conver an
TRRNPY §§}EE??%%S‘{V§%E%“3°§@°§H§§ fhel Rafhe§ 8RR Vit Mobdmory
0 d.t tent f 4 .
SRR thons bR R Sttt inass SRR A G mfsghareed

g%qr{g?s? %gﬁgﬁenmgr%giyec%llts 8f &13 gglgctg cl\rjf,ftfle(:i"él)sy I%f?églerllg(tgé) azna 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 170
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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perhaps indicated by status logic 260), the wite
operation nmay be carried out w thout being preceded
WmR008/066967 act i vate operation to open the gi venP@DUS2004/043672
I solator control logic 250 nay operate isolators 238a
coupl e sense amplifiers 230a to corresponding ones of
global 1/0 lines 264 to latch the data received from
the wite operation. Isolator control |ogic 250 may
al so operate isolators 216a to couple bit lines within
subarray 210a to sense anplifiers 230a, and row
address decoder 240 may operate the word |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 rpw across.ihose bit
| T30 EloorICh R oMEEN AYOWiTT e siEACRET WHEIPSotTS:
received fromthe wite operation is not also copied
t anplifiersR30e tg be Brnssniged qopess global /e diges f 408 of
those nenory cells and the contents of sense )
ampltipfexer2682@0shicle asebseiof e daghimspittednanutiplprer 6% i
operation will eventually have to be carried out to
csepeetetaad ootptiehyt the msfmagp dedceanpl i fi ers 230a to those
menory cells, but the overall timng of the wite
of9BH i oFurieyrmives, fathvdngla memovy 1hh gPeiAFiaspyeste AT expampls,
carry out a mni wite operation with shorter overal

t dand Bgsquestnd freata rdwd@ 8Bl shbarmy @l fe thatikaententsdhas hpdn't not
wite operation to a given row within subarray 210a
wWiledady bée laick&hby esd amplifters 230a cuctr that daje lmddn be tansierrad
200, but the contents of the given row have al ready
bgen tkapb®do tanss ampkfianpllaftetors ti231n (oobt e outt By theons
perhaps indicated by status logic 260), the wite

ORRMAEY @VidERY vARCHbak 2dedh apart)the rowjist rend ramytbevadsed with a
command. That nmini row activate conmand may 25 WO

20QE| NESG S FatRET /DUSR Y 14367 opbrtius,ahle biolindsangbtot thasfer

setting of row address decoder 240 so that the given

I W MWhtehts of the memory cells of that row to sense amplifiers 230a may be isolated
from those sense amplifiers via isolators 216a so that the data just latched by sense
amplifiers 216a is not lost. Taking advantage of this ability to carry out a preemptive
precharge of the bit lines coupled to a row from which data was just copied while
accesses to that data from sense amplifiers 230a continue to take place and before
another row within subarray 210a is selected for access may be deemed desirable to
avoid incurring the delay associated with a page miss. Thus, precharge operations
and operations to access data are able to occur in parallel, and a possible instance of a
page miss is converted into a page empty.

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

210a where the given row is the currently open row of bank 200 and the contents of
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becone the open row, but w thout necessarily preparing
the nmenory cells of the given row to be accessed,

W b@setepervoi di ng i ncurring the extra del ay torP@El/Us2404/043672
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 gperation tg_al b itten
tthe givererovehaye plready| beer £ORipOGERAE ﬁﬁ}Pg%e%Z’gB% Zb%ﬁfg’éhttﬂn?
i nes, thereby maintaining coherency between th i
qeritapningiceted Sy statusdogic 26Q)e ths vaEe APHAEPY HAY be %ﬁﬁff gut without
cells. Alternatively, if a mni wite operation is
dmimmy prebedert byvnamve adthvetedperatipetoedpeEa dhef $1FR Tofh dsiptor epntrol
operation is stored only in sense anplifiers 230a and
rogic 260 tiag opemerinrlytors8Bh squpldhesnset dneplifisrt Tado sprrespprding
amplifiers 230a becone dirty and a witeback )
afes af global 1O lie 264 meknhytheddth sceived fremdhe waild gpepasion.
necessary to preserve the dirty contents of sense
aR@lhiof et B350 Q340 dperateisokutss Akia te xawé bit fimerowihin
wite operation to a given row within subarray 210a,

Wi kRayt D12 @b Yedite aplifics 2Ra, tideroeaddenss dacodgredOmuay qpferate
bank 200, and the contents of the given row have not

afht QRAVIIREBR RaRERMIS © thepisen Ao tause the2BBarecdi vt from the
condi tions perhaps indicated by status |ogic 260), the

Wy iteSopeREbAtd A5 Bavrilten toRhemeaiet) ok bf te pdwnacy iavasethose
command. That row activate conmand may be used 26 WO

200RAL86 A BETONPERGA 1V bcHerést, whet Mafa@e@haddmnt the write

setting of row address decoder 240 so that the given

r &ygré(ﬂolnlis 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 within bank 200, and to prepare
the menory cells of the given rowto be accessed.

w0 s@ba66967 | ogi ¢ 250 may operate the isol at ors PGBHS1004/043672
coupl e sense anplifiers 230a to correspondi ng ones of
global 1/0 lines 264 to latch the data received from
the wite operation. Isolator control |ogic 250 may
al so operate isolators 216a to couple bit l|ines
wi thin 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 in a wite-through manner. _Alternatiyvel if a.
rHerisoduol hens e sathingrol raw cHAredpoagir 2401 e e efyea ol
fromthe wite operation is pnot also stored in fh?ﬁf
rhsroing theedpes row, hahwitheut aigeRseasi s Pisparingdle merppLy.cells of the
amplifiers beconme dirty and a witeback operatioH to
t givseromeie peasedellsthoseby avaidiag ingaring the cxecdsday4p plipy such
preserve the dirty contents. &g035] For writeback
opepaitions niemdrp celbrte takd plage. Isekatoriegie 820 may PPAle isolators
informati on pertaining to whether the contents of
sE3gaco anpld deher an @ Bles 2B0atecaiaspynding ones pf glgbal I lines 264 to
mai nt ai ned, and in sone enbodi nents, that information
nMaschhige daimdientiasdieomwhe wWiite apertios. Isolptar cosimol legie 25(hmyy also
al ongsi de information concerning which row fromeach
Ofpesatd ablatys2 dhla coupiasit tinex wititis sttuatny Baletotbesensopnplifiers
into corresponding ones of sense anplifiers 230a-d.
| PR CROaR] oWhddicsedicsdert2ne nidyrdpagitethe wohklineathairdorrespals to the
operation takes place nmay be controlled by |ogic
Wity B v, i caul@ iR Idvitadendined fafm Wi variite baerkti GO0 also be vprétten, to
per haps based on an algorithmthat seeks 27 WO
2@1@5{1&@&? e1sRETH £ Zhost bit tieése terebe mdismining
either all of bank 200 or whichever one of subarrays

Zé&éi'&cfl‘ 8&wRen 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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row needing to be put through a witeback operation
wi Il not be accessed for a period of tinme |ong enough
WO 20050667 | t eback operation to be carried outPCT/US2004/043672
Alternatively, the occurrence of a witeback
operation may be controlled by logic external to the
menory device, such as a nenory controller. 4
Furthernore, witeback operations may occasionally be
necessitated by the need to renove dirty contents for
one row fromone of sense anplifiers 230a-d to nmake
those sense anplifiers available for [|atching the
contents of another row. [0036] Figure 3 is a
sinplified block diagram of one enbodi ment enpl oying a

menory system Menory system 300 is_. nmade ,..at | eas
ibathygrchangsfthergaiing of 1oy ﬁﬁ&f&?ﬂ F°<§7 83% A 3%#';8 VB EW évéﬁ
390 coupl ed together via nenory bus 380. Those .
dieidhethejopen rrv withingenk R0, gad fyprerare ferasyory pelisofghe given
wll readily recognize that Figure 3 depicts one f?rm
abwdo be heiebsed| Jsokatorpogic ARhBRY ORSFaedhs isalatprs $isp to couple sense
alternate enbodiments are possible in which the exact
anpdifigesA30n tacurespardingumas ploglolrl UQtlinas@hé i kickdhe fata
reduced, augnmented or otherw se altered w thout

drequavedi frgm flreowmite toheragi. riselatan gorsied gin? S0 ey plpeersstte

i nvention as hereinafter clained. For exanple,

abdl ot 6amsresupleshislires 3 subanap? Kadd sense mplifiers 8303y and
one nenory bus 380 and only one nenory device 390 for
o fidkss afcodermalintdytoperare thhevord Buaithel eomresprads foohe given

it will be readily understood by those skilled in the
aloty, th@lusothb datapasbich fem thabaodé opmationad alve e myitiepse B
300 may be made up of multiple nmenory buses and/or
devineRScelld 8f MO s QAW 669G AL REHilIGRE (4 G4iB6TPoughGIBRPr.

Menory control ler 370 controls the functions carried

OMIteIQXti\‘@ﬂH’F &mini write operation is carried out such that the data from the write
operation is not also stored in those memory cells, then the contents of those sense
amplifiers become dirty and a writeback operation to those memory cells will
eventually be necessary to preserve the dirty contents.
[0035] For writeback operations to be carried out when needed, current
information pertaining to whether the contents of sense amplifiers 230a-d are dirty or
not must be maintained, and in some embodiments, that information may be
maintained within status logic 260, possibly alongside information concerning which
row from each of subarrays 210a-d has contents that have been copied into
corresponding ones of sense amplifiers 230a-d. In some embodiments, the timing of

when a writeback operation takes place may be controlled by logic within the

memory device of which bank 200 is a part, perhaps based on an al gorithm that seeks
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device 390 as part of providing access to nenory

device 390 to external devices (not shown) coupled to
woreswsyeoeont rol | er 370. Specifically, an exterP@l/us2004/043672

device coupled to menory controller 370 issues

commands to nenory controller 370 to store data

within nmenory device 390, and to retrieve stored data

from menory device 390. Menory controller 370

recei ves these commands and rel ays themto nmenory

device 390 in a format having timng and protocols

conpati ble with nenory bus 380 and/or the conbination

of control logic 391 and data buffer 397 that make up

the interface between nenory device 390 and nenory

bus 380. In effect, nenory controller 37 coorq% at.es

4o detszuine wherecither gl ebp P08 WhichRYSs oRe AbFUPERYS @a“églés a

in answer to read and wite conmands_fraom external .

dewineeding forbespu gupughof writshack qparaéien il nptrpe W%P%ﬂ@r a period

enbodi ments, nmenory controller 370 al so coordi nates

v tineUsngreriongl fartbewrithackaaperation thbe caitied 0w e Aberrlyshedhe

to ensure that data stored within nmenory device 390

| @cprase vfedritdback opkraipntriey Gerdonirell¢ddry logicreaigtna o the

refresh operations and/or the occurrence of precharge

ap&halidenise, bateenmanoss®asollfrOGB8hervons mritghask gpaations

made up of various control, address and data signal

| fafesccaqoiiliyng neagsitdiar bynterneeyd to oerhonel digy c@REnts g one row

menory device 390. The exact quantity and

Cli@h @fé 6f detibd aBplefers PBHariEwinwks tisisgnaise hinpbifiervakdilabledpr

vari ous possible enbodinents of nmenory bus 380 may be

cRithingWhebrkéntddst anbiheF eper abl e wi th any of a nunber

of possible nmenory interfaces, including those neant

t @056 CoMairebliga sividlifick PRV diayR@sofadne Mabodimetieemploging a

anong t hem bei ng M devi ces such as 29 WO

% e
Zn%%%éﬁ%& W&gﬁ%@?%@@@% ‘RadeFipVe( eass in peag ef meshe)y

evi ces, ext ended data out), dual-port

VEMWNbiter 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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(video RAM, WRAM (w ndow RAM, SDR (single data rate)
DRAM DDR (doubl e data rate) DRAM RAMBUSTM DRAM etc.
WO posoemsenbodi ments, where activity on vari oRGI/BBZI0E043672
lines is neant to be coordinated with a cl ock signal,
one or nore of the signal lines, perhaps the contro
signal lines, serves to transmt a clock signa
bet ween menory controller 370 and nenory devi ce 390.
In sone enbodi ments, one or nore control signals and
address signals nmay be nultiplexed onto compn signa
Iines such that control signals and address signals
are transmtted at different tines on conmon
conductors for carrying signals between nenory
controller 370 and_nenory device 390. Al so

.0, |
dABBi neMesorpematighler FOcanels thedunctiogs spged, Hﬁtr‘a’szq%g"fy
signals may be nultiplexed onto conmpn_signal |ines.
|devist BPD apparee! neptiduiseesessio TRAPYISHESe 39 Prfaeal g e (not
data may be transmtted in packets. [0039] In_variou
esibwd) ermpled to memory cafrellew3 790 Grpalicalipranertenal devise ¢p ed
with an interface made up of control |logic 391 and
Ctatnae niourf tentr 31873 Hbisfueg ooronhands thanenjony eeritslenp] Gtogfarp data
menory bus 380. In some enbodi ments, nenory device 390
i witlein nsdnngy devicd 39§y, ande® refrievaitored datadtone memeRoddvirento8,
menory device 390 is made up of nultiple integrated
CMesiohyt conabllar 376 meneiel ehesecmmyamivdod eslays dled¢m fsmgmerydgvice
(single inline menory nmodule), SIPP (single inline
P390 ipaGkaee havilk ¥Mirdard prototdlneompeatibleywittotheneyy bust380 and/or

30 WD 2005/ 066967 PCT/ US2004/ 043672 [0040] The nenory
c@k csmPiati®® pnaeMbgie 389 andadzea uffar36@ thah tmkeup theghterface
banks, such as banks 399a-399d, with each bank being
NB&RedtPmOhoflelicB 360 sabaemalyshus 380. In effect, memory controller 370
coordinates accesses made to memory cells within memory device 390 in answer to
read and write commands from external devices. In support of these functions in
various embodiments, memory controller 370 also coordinates various maintenance
operations that must be performed to ensure that data stored within memory device
390 is preserved, including the initiation of regular refresh operations and/or the
occurrence of precharge operations between accesses.
[0038] Memory bus 380 is made up of various control, address and data signal
lines coupling together memory controller 370 and memory device 390. The exact
quantity and characteristics of the various signal lines making up various possible
embodiments of memory bus 380 may be configured to be interoperable with any of

a number of possible memory interfaces, including those meant to be compatible

with known types of memory devices, among them being DRAM devices such as
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earlier described in detail with regard to Figures 1
and 2, with the nenory cells wthin each subarray
wheiosgeesyani zed into rows and col umms. | n SOMBCT/US2004/043672
enbodi ments, control logic 391 receives at |east sone
commands and addresses from nmenory controller 370
t hrough nenory bus 380, and carries out those conmands
t hrough bank controllers 393a-d, columm address
decoder 394 and/or bank selection logic 392 to access
one or nore specific portions of one or nore of banks
399a-399d. Cenerally, to gain access to a nenory cel
within nmenory device 390, the address of that nenory
cell is made up of three parts that are transmtted by

menory controller 370 to c rol 1ogig, 39 f .ne

&BM (fastpoge BOds) MAEMBY (JeHERS: ﬂ)@ <eﬁfaﬂf§1%¢ﬁ{%%‘h a‘éﬂra‘)ﬁ?‘?; M
and colum of the given nmenmory cel]. At |east f
o BOD: BRAMLigssaR AV SD GelsdatargteERAIPRy: ¢
391 with the row address and decode the row address
t(Goubid datd ratd) dRAos BAMBUS™RRAM, gic. dngompgmbedigents, where
correspondi ng one of banks 399a-d. Bank controllers

3987ntoral &1ous Gphdl dihed i endasbdeepsrdantitorittserlsek signal, one or
anplifiers wthin the appropriate subarrays within

SAGE oPﬁlet&?ghléﬁli&Q,%%ﬂdigﬁ theGntryl shgifal IR} @ves to frarsmiof clock
access operation is being carried out on the

%@%ﬁap%t{'v@énem&ﬁWyQ:Bn@olﬁr\BGO an® thembryadevider3on. irasumer not
unl i ke what has been di scussed with reference to

Fénﬁgdﬁﬁents]; ofE6k Borel ORIl sHB1sRAH We@Bss Pyl sahaynmuliplexed
ce

s and rows of sense anplifiers are wused to

S(ﬁit(? &#r}n‘ﬁgﬁ Yi fgﬁﬁ WRkEsuch ehABOMIA sizBhlk Snd Lddidde sigaals are
anplifiers to facilitate the transfer of data between

t g i A dubiosy ®or adr $igidls between
B R S e ek

SHFBRE R 7 L8 1S 90 Pt s
ﬁ%ﬁlgasa%igr%%se sigggﬂ drl! d%{assi@{als%%%e T iBRxS@ohtb@bmb{d8 stiinkl 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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transferring the data fromthe nenory cells to the
i sol ators may be precharged w thout data stored by

wo b@sserse anplifiers being lost. In a manner BEBHUS004/043672
unl i ke what has been discussed with reference to
Figures 1 and 2, other isolators between those sense
anplifiers and global 1/0 lines leading ultimately to
1/0 selection multiplexer 395 to which those sense
anplifiers are selectively coupled to ultimately
enabl e the transfer of data between nenory device 390
and nenory controller 370. At other tines, those
i sol ators between the sense anplifiers and the gl oba
I/Olines are used to selectively isolate those sense
anplifiers fromthose global 1/0_ljnes to .avoid,.
oA g dhhemememeglinyl Beney deMse 390 hecerpymg AR gnultiple banks,
subarray being | ost as sense  anplifiers corres ondiqg
tsoctaasdranks 393010 ayitteengh dank being Madeun mB]FIP[?ePP arrays,
across those sane global 1/0 lines. Bank sel ection
leaiec dg@abédsingletilivdgrepard o Riguses § apg 2. vaith thgimemqry, gells
bank sel ection portion of the address and directs_the
apifitio padhauibarcayebenfy duganized daintrows it eplyomy -1g sprge gpppdiments,
out the functions just described. Col unm address
dearddbgic394 récsivps anléatesbnipycopanands land adfressgoIoOMMENA e
col utm address portion of the address indicating the
apRfroMi 330 ehroagtiLumafisly Hus 3B@ aad cesicedyt therd camorgdsibrepgh
bank sel ection |ogic 393, colum address decoder )
aREk ab&sollet 3 SBalde cdlinan adiiessi decedee 8948 95/ orbask selegtionpgic 392
appropriate columm(s). Data buffer 397 |l atches data
B iaBEkst baNGT Bbre 8peckiit putions afene vymownifbehlkss3993309&nd
/O selection nmultiplexer 395 of nenory device 390 as

f@@&%ﬁgﬂ ) %d-i'xﬂ)ﬁ&éés t6h nwadrpusll eithia hemayidevice B9, tigpsaddgas of
WD 2005/ 066967 PCT/ US20047 043672 [0041] In sone

eROSL BRI iRERY Op SFahiet PhitLihat%are tramsitined Gmemoty controller

| ogic 39 mai nt ai ns bank status buffers 379a-d and/or

3PP Lontr&IBEE BOY 6f MemE8T deORP 3P0l oG théinory 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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banks 399a-d of nenory device 390, in which various
types of information concerning the status of one or
worees/066965 of nenory cells within each bank i SPGL/USm™A4/043672
Specifically, each one of status buffers 379a-d and/ or
398a-d stores an indication of which rowin each
subarray of each correspondi ng one of banks 399a-d
has been read and cached by sense anplifiers coupl ed
to that subarray (i.e., contents of that row copied
to sense anplifiers coupled to that subarray).
Al t hough the provision of both bank status buffers
379a-d and 398a-d nay be perceived as redundant,
dependi ng on various characteristics of nenory bus
380, including timn prot ocol ,. handshaki

g, .
pubsdcsisepstatienss while elsprhging esedde fUectheyi F i 219958 FaPot h
menory controller 370 and control |ogic 391 to_each.
madondrgiicellsefromo datse sarod sane ypplEters AlodeT HgRs sqhat @sgﬁé’&es
by sense anplifiers, etc. Menory controller 370 and/or
aonifening thodite igdithememory sellsto the dsolasprs apydedreqhargrd
status buffers 379a-d and/or 398a-d, respectively, to
detipunine stokiddly thosemsnatsplifiedy brinplost dn jagrramer Asoins yalike
to retrieve a given piece of data, including whether
dlh 2 his e disgiissedwith veferenante Figuries b land 29other igolatars between
sinply be read fromwhere it is cached by sense
afBei sbhRasnplifiersi dnd attbial 1/0 hiaks leadihaykinmidy tdléOiselettioned,
such as delays to allow tinme for precharge, row '
aghlipRkE: 305Tb MihidhianoRGths¢ahplifietsare selrefivelp caupledioadtimately
operation for data of a given row may take place. 33

VD BROG! RERRS 6f BT bAISREDALMB6TeRice[39042] niemory controller 370.

enbodi nents where nenory controller 370 does maintain

A&t GherGARGEMBENEolkides SdrmédhShOenspamiplifians amhitle ghobalddO lines
rows within nmenory device 390 in sonme form of storage

dgy iuge%ﬁ’ 1o SHIEHH RSy RaH (BSsBkatRe BnbIiRES BEDRosk glbbdl VO lines to

control logic
avoid having data stored by sense amplifiers from one subarray being lost as sense
amplifiers corresponding to another subarray engage in a transfer of data across those
same global /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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391 does not have correspondi ng banks status buffers
398a-d, then nenory controller 370 may transmt
walpdosmeedony vari ati ons of read, wite, row actiREL/ES2004/043672
and/or other conmands to nmenory device 390 to nore
directly control the manner in which various
operations are carried out within nenory device 390 as
a way to conpensate for such a |ack of status
i nformati on being maintained within nmenory devi ce 390.
For exanple, there may be different versions of read
command transmtted by nenory controller 370 to
i nstruct nenory device 390 to read data of a given row
fromsense anplifiers instead of fromthe nenory cells
of the given row, directly, since nenory device 390
Vi0041d | abksosteambodining: memosncosieles Oangér SPRAL 69!
the data for the given row nay be avail able for .
quéiotesrs baclcsistss buifers 8EPesd andign g%ﬁ@r respestively forigeponding to
exanpl e, there may be different versions of row access
Cemkedadatd einsernaonyaldvich §90namphichveriewsgypasiof Zpgrmasion
i nstruct nenory device 390 to sinply change the )
s@intérhigg e Aattow addr esse thecod erenyuy bellstpithia gach bapk is
specific sense anplifiers corresponding to a given
r Q¥Yel e s fatiiically,casts i o staws ffesddiong aadk 6P8anl storasgn
i nstead of actually activating the actual nenory cells
Ofndich@orefwanch @ inGatibibairhpsieacireoresporrihg ene of banks 399a-d
accessi ble for reading and/or witing. Furthernore, if
CRAAtHE reh@ @hEcacBilbypdense aasiienotoupkiind diansubafray (ret,icontents
pertaining to the contents of sense anplifiers being

dif thit 8% cBpied td feRRe dtiglifRerd@ynpled telitat abarrty)v eltioogisthef
wite command transmtted 34 WD 2005/ 066967

P @%@%@A}%ﬁﬁ ZratuR YulTBiRB7Y2-8 @Ad 898a-EMmap BO peroeived as
I hst

ruct nmenory device 390 to wite data only to sense

aplhdAnEaspaiatddidh vaRBuLEhalR RS @YD Rrethoa Bud1880, ireluding

nmenory cells of a row coupled to those sense

2% hl%rtoct:ol, TRESRaTRY pRNvARNR Lot@lit B%P bt admed ddsitae 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 deterrﬁine 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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transmtted by nenory controller 370 to directly
control when writeback operations occur to copy dirty
weonwsees7 of sense anplifiers to nmenory cell s PET/HS200%043672
[0043] As an exanple of carrying out a read operation
to retrieve data froma row wi thin bank 399a in
various enbodi nents, nenory controller 370 may check
the contents of bank status buffer 379a for
information pertaining to bank 399a to determne if a
given row to be read in bank 399a is already the open
row wi thin bank 399a, and whether or not the data of
that rowis still cached within the sense anplifiers
coupled to the subarray within bank 399a of which that
rowis a part. If the given row s jndeed the.open .
100421 or Ingmbodigapats vhege W@O@é@%np}lerré@r@%m@%w g&fl i's
i ndeed cached within those sense anpljfiers, then .
eneerying hetstadls| of opgrEvpd sathed rejsewithig mRsragr Jpyice,390 in
read conmmand to nenory device 390 across nmenory bus .
360 farm eftorpgadevicaesugh pabankotte i ers el Qwrﬂowigj‘éP%lP
In some enbodi ments, such a read command nay be a
"39il rioes 1A 4 vecmmespra dinigthianksssatag Puffinn?I8ard, thepiRgRoY han
woul d be possible with a nore conventional read
aonwelivd 370 malitehsmiatidferiag vetiationy efirepd,ovwits, TOWAgLiwte, and/or
menory cells, directly, to take advantage of the )
CRRR @b Aiavéd i rsémory deviendhto mak diteetty eratrdleiie manpes g which
fromthose sense anplifiers. In enbodi nents where
MREBLY opegfivhs arelcarried 60t withinanérhery alevieaddCasrmeaiito compensate
wi t hout a preceding precharge or row activate comand
URPsucH @l ekifRiang ihifoahatidnevetiignanintained iveithin memdyy dgying 390.
and still 35 WD 2005/ 066967 PCT/ US2004/ 043672 cached
biyor 2R ASSle ABYeinidyedeStifférant vesdionsaf iread 38 hnmmyl traheikted b
contents of bank status buffer 398a to al so determ ne
| fefbf @hi6ierBoMid Bstiite nRRRdy Beveaddonb Reddatate FAQgveandw

is sti'll cached by sense anplifiers. If control |ogic

32dm et e HpRfsrs ikedad oh Brofl he fachi®y 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

34



Is the open row and is cached, then control |ogic 391
may accept receiving only a read conmand and read the
W@l 2108/06f961 he gi ven row directly fromthe sensePCT/US2004/043672
anplifiers in which the data has been cached, instead
of reading the data directly fromthe nenory cells of

the given row, directly, and nenory device 390 woul d

be able to supply that data to nmenory controller 370
nore quickly, as a result, perhaps conformng to the
shorter timngs of a mni read command. [0044]

However, if the given rowto be read frombank 399a is
not the open row for bank 399a, but the data fromthe
given rowis still cached within the sense anplifiers
coupled to the subarray of which the given rowi a
Sarmemenyaaniralles S0 BHBISMFERTSICHREASPYO 851 Fiif PRy Toysrgse
may further check the contents of bank status buffer
3myifiers wighin one abaplked Mard Aloiok & mEBRFNFelln Pha e R5g 4o
is the open row for bank 399a. In such_enbodi nents,

i thosersenseamplifiersi Thewgupay alsp hsean expligihwriteback sagpmansy nk
399a, then nenory controller 370 may transmt a .
presinitegdycnemaeny dontoollek 3E&to diteglly eenirol phew weiteback operations
transmtting a row activate command to open the given
reour toRbpedingtdoutehts of sensouhpkifiestoatmen eslls pherdwct

that the data of the given rowis already cached
WiooisIn t Aese esengle ofegityidg @rts remlopersion to jetrieve detadiam a
bei ng made as to whether or not another row wi thin
bikw R0 dahls 399260 yaties aubedinteats aetnoof cantrellekd74 mafy check
the given row being cached in those sense anplifiers

| e $6@Bn(k 6f BAikistdne Hulffer 3resadot mf@maleh AEGHELINEBIBTK 399 to
PCT/ US2004/ 043672 carry out a precharge command to

CHQSHiAR b EFenrOW td Bétealingbink 3090 Beitreadynths opén rogt Wighin bank
enbodi ments, menory controller 370 may transmt a row

2869V AEwERTFRR doft tRe dARBNthaNv@wis ¥6IN cschud Withtahe sense

transmtting a precharge command, regardl ess of
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

35



whet her another row within bank 399a is open, or not.

Whet her or not a precharge command is transmtted to
W@ b@seea@rnt her row t hat nmay be open or not, afPE&r/US2004/043672

transmtting the row activate command to open the

given row, nenory controller 370 transmts a read

command to nenory device 390 to retrieve the data

needed fromthose sense anplifiers. In sone

enbodi nents, the row activate conmand preceding this

read conmand mght be a "mni row activate" command

where less tine is required to pass between the

transm ssion of this row activate conmand and the

read conmand that retrieves the needed data fromthose

sense anplifiers than would be required to werg the

rraehtd by densa apelifigrsy @OPLIPsls 3P SHAYt Scmgﬁﬁ?‘%}e‘&%f’f%a“gﬁtams

the given row, directly. In enbodi nents where ne 0y

doffer 38ade a8y determaing rﬁtgesglaen FONS At FRFRERV B 9%a and

foll owed by a read command w t hout a preceding )

Ais stilheacyel bycsemseandplifipon 18 eeiobiagiadp 1 desrrminss Bt thepiyegiew

is still cached by sense anplifiers though it is not

tif the@pemravomdiss thihad therkcaB9oblogis R My aceriit éecsglngrﬂl}y a

check the contents of bank status buffer 398a to al so

desdeommand dndtréeel the dain of the giventrons dispesty fremythesenss agplifiers

bank 399a, whether it is still cached by sense

aiRRiHidH ¢ data ha eenwhete ginstead ofoeadizgibe Hate direqilyiremithe

bank 399a is the open row. If control logic 391

dgba6i RS of hagiveh hew,glineetly, aoduiemocaddviat, 390uroulgbaghle to

the open row, then control |ogic 391 nay accept

r %Eiy\{hﬂ@a@ t6 @WnRey tordiollectOmand quizkhpena tdselt.giestaps r o

wi thout a preceding 37 WO 2005/ 066967 :

PORSRA0M (R4 3HoF@r tiRRs BAs geniceminmamadd t ake

advant age of the data of the given row being cached by

afgogi) NI HARvESHIhSIvE rod fo®e red¥@s danketdSdas ndtahe open row
enabl’e access to the sense anplifiers caching that

day; BaniPRIBaRR (O PHEMMABE §ifer fo& iS BAN tathed imithinghe sdnsa

mni row activate
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 wiﬂlin 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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command. Control logic 391 may then accept the read
command and read the data of the given row directly

WO e@stdeese sense anplifiers, instead of readi POI/UBE04/043672
data directly fromthe nmenory cells of the given row.
[0045] Alternatively, if the data fromthe given row
is not cached within the sense anplifiers coupled to
the subarray of which the given rowis a part, then in
some enbodi nents, nmenory controller 370 may further
check the contents of bank status buffer 379a to
determ ne whether a row w thin bank 399a other than
the given rowis the open row for bank 399a. In such
enbodi nents, if another rowis found to be the open
row for bank 399a, then nmenory controller nmay transmt
acapyenhapgehar gosmmmand to chise geotherapw thaymightheopgn. lpsyugh
whet her or not a precharge is command is transmtted
natjercefbedinents, weabiecontollect70thay wankwit aTew ackyate pemmand to
found to be the open row for bank 399a is within a
seleatieytvématy wistest trvesnsiting ageecherge spminfapd regaidlesiotf| d
have to be used in reading the data fromthe given
I @¥éthdrfanstiedvot widtith bt 399ads openeor net.e Wikethee aseot a precharge
anplifiers by an open row and the given row were found
t @il is transnifteTloalgse agoiemoe tha mdydmeopeher npeafterow
woul d be required to close the open row and nake

t HARGISIRP BR roWRkiifdteEsmaad foapks the\ienhrew, memoot caatroller
precharge command is needed and/or transmtted in

t Eﬁﬁ@an\éﬁﬁtk Qus1deohRthTR e mokeadidBIoherdad e thd date deddad
the given row would require nenory controller 370 to

t %?_';ﬁ bdo s@nsk %ﬁ(gﬁﬁ&ﬂs.\’ it oHneSe K IZEOE, ARG 7activate command
PCT/US2004/ 043672 command to open the given row in

g?{éxk,ed?fg Qs Bid &{énrhﬁlﬁl thiB06d% SRinPfovphctiviRl co@itiand where less

I'vate® command and the passage of a sufficient

R AT i

Wﬁll’fl:l rgad 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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transmt a read command causing the nenory cells of
the given row to discharge the charges stored within

W b@seeavenory cells onto bit |ines coupling thPGEUS2004/043672
menory cells to isolators that further couple those
bit lines to sense anplifiers where the discharged
charges fromthe given row are | atched such that the
data stored within the nmenory cells of the given row
is transferred to the sense anplifiers while the data
is also by nenory device 390 to nenory controller 370
in response to the read command. \Were a row ot her
than the given row is open, and control |ogic 391
receives the row activate conmand wi thout a precedi ng
precharge command from nmenory controller 370, contr
| epheresomesapd ape take pRVATEISR Ob fhedlagrof e gierioH ReEng cached by
buffer 398a to _determ ne whether or not the currentl|y.
ring By saiaEOhe ey JHE JREIST 10 SRRPIERORRRIOBG Fopes B iers
command has been received share the same sense, i
aqwphing it data, perhapp penformeing ta by shorter Hauagsof 2 dyR¥ jopActivate
bet ween these two rows, then control logic 391 nm
aseepind; ontrollogict3N anay themarsert thi 1erd cemman awdggid e data
precharge command, and nmay use status information
véftthé givemrdw directly Sroputhbey seBgsamplifitis anstead of reading phe data
given rowto be activated is not currently cached to
déiteetlirifioen thh atentdng cellstodi e gheenmoy.cel | s of the given
row nust be prepared to be accessed in response to the
r @O4SICt | \Adieenatieelpyifithe . dai fivdrh drel giyencromtis odt dadpidovigna the
may then use the sanme status information indicating.
t iabe Aplifitas eoupledho metshbargiyvefrwiriche givet idw isropari dehde
to determ ne that the 39 WO 2005/ 066967
PCoHh ISR B Grfenors bmeslee 10 mag furtpecleck tre dootentsidibank
row nmust be responded to by obtaining the data
dith@6 blifferf 77003 MsterBRAEDN Nethid|al rewolbithinbarg 389a othenthanghe given
descri bed. [0046] In various enbodi nents, nenory

CRIW [sQhd E5en3 b fBBANEBDYY Bltuclyé&nbétidents, if another row is found to
be the open row for bank 399a, then memory controller may transmit a precharge
command to close that row. Alternatively, whether or not a precharge is command is
transmitted may depend on whether or not the other row that is found to be the open
row for bank 399a is within a subarray that uses the same sense amplifiers as would
have to be used in reading the data from the given row. If such a conflict over the
use of sense amplifiers by an open row and the given row were found to exist, a
precharge command to close the open row would be required‘to close the open row
and make those sense amplifiers available. Whether or not a precharge command is
needed and/or transmitted in these various embodiments, reading the data stored in

the given row would require memory controller 370 to transmit a row activate
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operations, including precharge operations on rows

wi thin one or nore of banks 399a-d between ot her
wWop@satdoons to access data. I n various enbodi NnRCL/BES2004/043672

menory controller 370 may enpl oy one or nore page

closing algorithnms that attenpt to predict occasions

in which a row shoul d be preenptively closed in

anticipation of data needing to be read from ot her

rows. Regardless of the reason for the closing of a

specific row, the provision of isolators between

menory cells and the inputs of rows of sense

anplifiers (as discussed at considerable |ength,

above) mmkes possible the carrying out of precharge

operations affecting bit lines that transmt data

letvead to opemshy giveh faw wrtank AP94. fAkterdhemamsanissiosy of thah gow

those sense anplifiers such that data stored within

taoneee senmendal thé pasageiof anulficleptperipg of timesfor the grenigyy cells

precharge operation, and thereby aiding in allow ng

otk giossroof tode mseele acqdly if éri readsng, oneartry genteollend Heweld an

entire row of nenory cells. Indeed, this preservation

afang@aita rvdd doniindrovEusing e msenorpogllsi df it gveraspwidel discharge the

enabl e menory controller 370 to enploy a page cl osing

adngikd §ibFadivTM tHobe S@ebry @il bstoibintinds etupling tHoss awmary ¢ells

a precharge operation after its data is latched in a

@\ tors S CurfiiEP bdpleihsse Bifigies to ek apglifidri wheredlree
concerned, this would result in every read operation

tdlsdhﬁfg[eh eN& gk éin ftﬁe?ﬁéil fo@Wird hedhed egs thatthe ddta srandyt within
have Its daga stored in a row of sense anplifiers

(90 ﬁ{en{&? Binske arAdil@thod is framedfedth 98" sendeunipifietst while the

page enpty condition where there the delay of awaiting

A9 is‘éﬂo%‘}%érgﬁ%%cé’ 690 4338044 48@d1%er 3P0 BCiRgFABEe to the read

a
d ;
operation"to be"carried out neéed not be incurred

bef o8 d RS Tiatbiyihe? taA\the @64 MR 1§ o QBN Eorlt@] RREIBI1

ahother row tor access. Were such a policy of closing
every row n‘i‘ﬂ;g (ARGuPEpRERENg BtaRrRf dofimand from
mF??%ﬁHﬁeFﬁigﬁgﬁﬁﬁ%g%o e en%f%@ed, gdt &

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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then in such enbodi nents, a read with auto precharge
command and/or a wite with auto precharge conmand
woreapsoesdenhpl oyed to gain the advant ages of conPCTIUSZP04/043672
the otherw se separate read (or wite) and precharge
conmands into a single command. Regardl ess of whether
the precharging of rows to close them subsequent to
accessing themoccurs as a result of a prediction
al gorithmor other |ess sophisticated algorithns, the
ability to carry out precharge operations on sone rows
W thin banks 399a-d of nenory device 390 wi thout | oss
of data in sense anplifiers used to cache data from
ot her rows provides the opportunity to carry out at
| east some of such _ precharge operatiops.in.the
brubkegheni rrhdPErRtipn fqr|that spw maisHeg r&wnﬂ?@@rbryé&’tﬁlwng the data
carrying out other operations. [0047] As an exanple
odirectly frpinrihe memozy oalistof themveapynasdssditsfle data into a
given row wi thin bank 399a in various enbodi nents, |
ni®fdely cEmvariou embadimentaymemerylcongelier &4 ey Cary PUHERIRUS
status buffer 379a for information pertaining to bank
39 eations, intdedingprechdrge opeeatipiny emrave\Vitlon lpae of mptecH bpaks
al ready the open row wi thin bank 399a, and whet her or
n@g9at et wiednantinar openatibys to mctesadata. oky viagoss ¢rnbodimenis gnemory
within the sense anplifiers coupled to the subarray
WdrtoNed3T0kn809aplof omhéorahort ipage closing algerithans that pfremptiie
given row i s indeed the open row for bank 399a, and
t pRdietibdcanibnsda twhidl orovt dheulddiepecensivelysidsad eranticipetieniof
w thin those sense anplifiers, then menory controller
4 3R AT BE 68@ Tr TSR 4 Re4361ERs of3H@remsnn fonthy chasing of
to transmt a wite command to nenory device 390
ag kRS Fic ORI YrédkiSos 8lisbiatosd letweciahd@ndry celld dndshe spns of
anplifiers. In some enbodi ments, such a wite conmand

??(%(nysﬁﬁ S@mlé Rbpiifi¥fs (hsedischdpaanebnside bRV exighh, |abs ) mhiadkes possible
the cargrying 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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t han woul d be possible wth a nore conventional wite
command by which data is witten into nenory cells
W@ edosherdeT n addition to or instead of bei ng wPCT/E82004/043672
into sense anplifiers), to take advantage of the
conparatively shorter anpunt of tine needed to wite
data into those sense anplifiers. However, witing the
data into those sense anplifiers, only would result
in the data stored in those sense anplifiers becom ng
nore up to date than the data in those nenory cells,
further resulting in the need to subsequently carry
out a witeback operation to copy the updated data
fromthose sense anplifiers and into those nenory

cells, and this may necessitate the kegpi.ng,of t at us
g cheregOPeAtion orhefapiedious nepd pet B%W%‘Fe‘@%é%}%&r&ﬂ%‘&&?ﬂ%agmw
the dirty status of the contents of those s?,nsef .
aaepraie cerpmand g opge AR B FRirAcsesin dYese %ﬁﬁr&? icy of closing

controller 370 transmts a wite command w thout a
pvegadivagiepreeding fane nsrhapselsecaiier wrEnL)dBerasn i o BB fmployed,
determi ning (by checking bank status buffer 379a) that,
tthen iyi suelnembbadimenss, s neachutith eptorprenharss cpmmapd apdier Hyrite with
sense anplifiers, control logic 391 may check the

caitd pretisargd conandndshat beserbplbyasito 3oi@ahe advanisgesqicopiinies the
if the given rowis the open row wthin bank 399a and

| thariiidel seprasth echdliyr weted endaprptliaf geerommarnids inge e siiglel cogingand.
391 also determnes (as did nenory controller 370) )

t Rédardl® ofivhether thevpieshirgmg @b eows towlasn theitssubsemieico accessing
then control logic 391 may accept receiving only a '
Whiin&ce@saas bsalp of avpictietion Algodthieorafther hess gophasticatody

solely to the sense anplifiers in which the data has

bgesitAs MR 2106/16 AP dutdihelsR @Pdrafdditdoneaotve within banks
instead of also witing the data to the nenory cells

089daltEofthMBEryTdeWce 390 withBUTasss ofl @xth trescaSDamplifietls tved abbashe
to conplete the wite operation nore quickly, though

CoRh B8 dRQrEwSHbvimRY thel 0?901&@151@&6 cirheout@siehitisoge ot such
status of the contents o
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 confroller
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those sense anplifiers in banks status buffer 398a, in
preparation for the carrying out of a subsequent
wowiseb@ck operation. [0048] Alternatively, ifPEES2004/043672
given row to be witten to in bank 399a is not the
open row for bank 399a (the given row may have al ready
been cl osed through a precharge operation), but the
current data fromthe given rowis still cached within
the sense anplifiers coupled to the subarray of which
the given rowis a part, then in sone enbodi nents,
menory controller 370 may further check the contents
of bank status buffer 379a to determ ne whet her
another row within bank 399a is the open row for bank
399a. In _such enbodinents, if anpther row j. 0
/iy GBS TPt Bae sen I RS o R,
370 may transmt a precharge conma t o, close it hat
rigmoryeivg S0 ¢ %ﬂ@rﬁa{%tm‘ﬁéﬁ%s SEWe éwﬁgﬁtéehb%o%?{%b%r‘]‘émems’
open the given row. Alternatively, in gther -
eVSh @A CQUIRRE AR BE 21 Wil WIHE' P Iaaflﬁ‘fwﬁh%veéﬁ‘lbsé’i‘?“?ro‘i}wngs
is already cached within those sense anpli f’)erﬁ. .
r thew wouldberngsyible Bithpanerg cRavFatigaal pygite W@%ﬂ%‘i Bt Wgt%a 15
anot her row withi n bank 399a is open, because the fact
oWrittereingamamery cellp teigpsianddigan seorigsteadafdging it gdato sense
sense anplifiers is seen to obviate the need to carry
ournplifigs)etoralreyuslvewngreafdhe eoranasave bribprierranqut effipe needed to
m ght be open. In such other enbodi nents, nenory
cwnite duitd iato BFS sense anpdifisrsi tHowevery vaiting (e datzwimiiAge sense
W thout first transmtting a precharge conmand, )
r egplifitre smlyof oult edshié in tn datastoredbiny thgse\pense @oBlifies egoming
PCT/ US2004/ 043672 w thin bank 399a is open, or not.
Rewger o esktechanhe dhein gosqumemarypreds,Hartlps reswkingrid thesneed to
transmtted to close another row, after transmttin
t fibseqishide taredie a vaitehuek dpdratiapiercophthegipdaed dagevfrom those
menory controller 370 transmts a wite conmand
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

42



to nmenory device 390 to store the data being witten
into at | east those sense anplifiers. In sone
werodsayent s, the row activate and wite conmmaPUBUSAY4/043672
be a "mni row activate” and a "mni wite" conmand
to sinply make those sense anplifiers available for
storing data and then to store the data of the wite
operation into those sense anplifiers in less tine
than would be required to both carry out a row
activate command that woul d actually ready the nmenory
cells of the given row to be witten and a wite
command that would actually wite the data of the
wite operation into those nenory cells. Also, in
t hese enbodi nents where nenory controller 370
tcnctredinstsacholi s widtig/the date dniha mRPTReSY Cekird the giyemyo and
command without a precedi ng precharge conmand upon
dedreoryidaiog 390epuldibe abjieve pompigteithe wrifq eperatign pese AYickly,
sense anplifiers though it is not the open row within
hhsigha9Bacl loginB3bimay labgirecogbthe mespltingaliny staes ebie eptents of
of bank status buffer 398a to also determne if the
GhoRRefis@nipiifiefsdn bk staow bnffeh3 I8 abiarire3o@mn foifbe harying out
is still cached by sense anplifiers and/or whether or
nsita sapRigh&lt writvback bperatideank 399a is the open row. |f
control logic 391 determ nes (as did nmenory controller
30028t hataliehRtiglyanthe @ehsow cabheditebtotinibanindi9atifgot the
open row, then control logic 391 may accept receiving
QogeRYow 361 AR BOIL@REE ch o 10 ENavehiregiyvteen closedihtdugha
a precedi ng precharge coomand and take advantage of
té}@cﬂ?éeao&fatibhﬁ b (€ Burkentd e fden aghed rby istitiataphed within
alteri'hg the 44 WO 2005/ 066967 PCT/ US2004/ 043672

SlElE §éARE aRbliflers RRLAGHOAES sl ST whith Efeaiives rawdes part,ahen in
the sense anplifi'ers caching that data, perhaps

C%eoérﬂgd&n{eﬂs,%&ggéﬁtﬁﬂleﬁ 870 My fidtheActEck therddtents of bank

act1vate command. ntrol logic 391 may then accept

tAGWbLAS FONTRNGARE Whdihe ahhBerddtivavieiah 8hik 39%as 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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those sense anplifiers, without also witing that data
into the nenory cells of the given row, perhaps

W@ owkoea¥ng to the shorter timngs of a mni WGET/ES2004/043672
conmand. However, as previously noted, where a mn
wite conmand is carried out such that those sense
anplifiers store data that is nore up to date than the
data of the given row, then information pertaining to
this resulting dirty status of those sense anplifiers
may be recorded in bank status buffers 379a and/ or
398a. [0049] The provision of isolators between sense
anplifiers and global 1/0 lines wused for transmtting
data fromthose sense anplifiers to other portions of
a menory device, such as 1/0O selection nultip|]exer
3eithinbankei99n js eheni eraopoRegagdiess Ofwhehetgrdiot a PregRitgs | j ty
in the operation of such a nenory devi ce, )
Spemidni ¢airingmittddeorrkase apasher g (ATpr rapmputtmethe fomeactivate
requi renment of always closing any open row wthin a
henimané topgenohe givey remandieery comrdlist E%p fransgit§@rvibiRagmmand
nmenory devices can be frequently ignored in the
ap efeaidrp deviée 3anorsioreltheideta b8BG. wiitten|1piedgt egstghoreweRsew
to be accessed does not share the sanme sense
agmliffetse s sbine ambbdicdensf thensv activatsraad sutie comyrgndssmay be a
anot her row that is already open, the new row may be
ORGRBGwWYctihget andctimini wejte!’ bemmded tysimplywailke thesefsorset he
transm ssion and carrying out of a precharge conmmand
t gnolirRkeaviliasie forlstoregsiancad thuultd stptesthe date ofthehwite gperation
badi (up to 1 row for every block of one or nore

SHARAMbRYEnW doliliFicas 1B A Yimeahdndvaudd batdquirbktodmeénenry out a

w t hout having to 45 WD 2005/ 066967 PCT/ US2004/ 043672

SiRsLEVaR LhMnt8d 8l 0 sedldtetualipkbagy tHeendrasticalls aahagivermrow

another row. To switch between reading one such open
[ Bﬁe}v&iﬁe‘ﬁ%ﬁ Gy 10 @bMaland HEhwoRd Actualy Weitd e detg of the write
[ e

nore than the transmssion of a "mni row
agﬁérélt%tlﬁﬁto%m&@%elﬁa 18 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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described) to do little nore than to transmt the row
address of the newrow to be read with the next

W e@smeidst ed read command. [0050] Figure 4 i s BCT/US2004/043672
sinplified block diagram of an enbodi nent enpl oying a
conmput er system Conputer system 400 is, at least in
part, nmade up of CPU (central processing unit) 410,
system | ogi ¢ 420, and nmenory device 490. System | ogic
420 is coupled to CPU 410 and perforns vari ous
functions in support of CPU 410 including providing
CPU 410 with access to nenory device 490 to which
system |l ogic 420 is also coupl ed, using nenory
controller 470 within system |l ogic 420. CPU 410,
system | ogi ¢ 420 and nenory devi ce 490 nake a form
ofttinppba fayr addsesp deeder W%l%a%@és forfh sense %‘B%‘g‘gqr%“&gmg that
supporting the execution of machi ne readabl e
idatst purbariseasfopyingrytheshorerdinings oftdoFug EOVO ROt Al LoRHRRnd.
instructions within nmenory device 490. [0051] In X
\Gonitolbgierd9d dnayshemsaccapithawiitecsiinepng gng piyite the datpspledy pto
of types of CPU including a CPU capabl e of executin
ahodesask ampfifiers] withat alshevriting #hay diiadnip thearemerycglls Qigge
instruction set, and in other various enbodi ments,
t fiedrero G prilagseonfonningtid dre shoser@RUngY of amini puie command.
enbodi ments, menory device 490 could be any of a
VESWEIeY, 20 brelvitusly mofeddywhawiaoninawdEnoaunadds pasriod gut(sRAMbat
including fast page node (FPM, extended data out
(5% sen a%li‘ﬁeﬂ&t(ﬁe dah ¢haf SERre mp tol datb tendla data of the given
(DDR) 46 2005/ 066967 PCT/ US2004/ 043672 forns of
SMRS bR RFUEnAoA Pt EiniRAND (HDRMYing Rl sofuswethaa sense
technol ogi es enploying a RAMBUSTM i nterface, etc.,
afio I FRAPIYy 6OREHQEY & baAKQrapsaifds3 70ogidior 3988. wi th an
appropriate interface for the type of nenory. At |east

a[dﬁ@]t i O'ThQErd;vhs?on of isolators between sense amplifiers and global I/O lines
used for transmitting data from those sense amplifiers to other portions of a memory
device, such as I/O selection multiplexer 395 of memory device 390, affords greater
flexibility in the operation of such a memory device. Specifically, the need to rigidly
adhere to the requirement of always closing any open row within a bank before
opening 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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menory cells of nenory device 490 are divided into
banks 499a-d, each of which are nmade up of nenory

W@ edobmeesyani zed into rows and columms in a tweCT/US2004/043672
di mensi onal nmenory array. To access a portion of the
menory cells within nenory device 490, that portion
must be addressed by nenory controller 470 with a
conbi nati on of bank, row and col um addresses. As
those skilled in the art wll recognize, the
depiction of a single nmenory 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 mthin h
ebrsayerde be closedigamablp heySating fata Gom ARRSF 1% gl ¢ 6T
the spirit and scope of the present invention as .
hetvesicn afading el aNeerben FOD s21eafling eporEeTHEl ARGRERY Svould require
systemlogic 420 is coupled to and provides CPU 410
ittihmarsthars the crasseissigfeoide Vniatrorsertiyptensamarhias caley or
instructions carried by storage nedia 461 may be
aeseibedrto dstliviiamererthati o tr@Imitie tow asiireshgf the neW W &o be
variety of types and technol ogies as those skilled in
troml with thei dekt trndmitedaead, commdnddi ng CD or DVD ROM
magnetic or optical diskette, nmagneto-optical disk,.
t[eps0] SPigured ductioplifiehilogk diepramaeftapresbediment employing a
perforations on paper or other material, etc. In sone
avRgilisrefiem. Qompotentyisteen 40niray lahetin pert AB@le up SR eagntral
to systemlogic 420 (or other part of conputer system
%@éesﬁﬁ ufitoMOf8stest lopie@a0f aid memonyideviad 49&rystenplogirA20 is

2005/ 066967 PCT/ US2004/ 043672 instructions
EHRPIH RE CRU A OtahfPerféian vagomufuacticy $i appdof CEUel 10hedluding
“reset" or initialized (for exanple, when conputer
VRMAGEU U0 Wit bORSs Viherfdry deoioe Aoitopliith tystemelofizr4R0 is

t'asks needed to prepare conputer system 400 for nornmal

USi§ cdulpledCi®Bng 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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variations of such embodi ments, upon initialization or
resetting of conputer system 400, CPU 410 accesses
wWoewsob@s1 | e nmenory device 430 to retrieve i NSPCTIUS10041643672
to be executed to prepare menmory controller 470 for
normal use in providing access for CPU 410 to menory
device 490. It may be that these same retrieved
instructions are executed to prepare systemlogic 420
for normal use in providing access to storage device
460 and whatever form of storage nedia 461 that may be
used by storage device 460. [0053] In sone
enbodi ments, storage nedia 461 carries
machi ne- accessible instructions to be executed by CPU

410 to cause CPU 41Q t r- nor t .
Sormarthogeraeies @yt RANbr AR Ao Far RS Brniglifs

~ device nmenory device 490 may_ be, and/or to determ ne.
wirployingz RAMBURRinteiface §ic e a0 momeny caniigler 4 Pl‘@ﬂ%"qog‘c
tests may include a series of attenpted accesses to
PO it aphropeiateriytecfacei foethe 490 dimatnasiyy.e AV eastarpogtion ¢fdhe
nature of the responses, received. Alternatively, such
tR&hSryTBYs biatnios deniced9@gadividedantoduaks 4R5%atd, Bydhraf vitieh
type of nenory device or identifying the presence of

oRenfalle BPbEMERBEEES orgafizadinto toestasd nalymenimd twa daghsignal
data stored in a portion of nonvolatile nmenmory within

NRERGY HRYI T8 6Q8s h fafibh b ihagnentey ctljpeitiih nwemmpy gevice 490,
devi cé, various paraneters, and/or the presence or

RSdEGorPhust LI Esed Bgiﬂéhﬁ)‘p‘y cdrfirollér 479 whett @ coxhiieatidnhdt
menory device 490 is able to support the 48 WO

2008/ DA ToRET AFRQA04! AA360kE skills@ iDthe SRR revophiizé,itier

as a formof cache and/or that nmenory device 490 is

agl Fcti 8 of 3 YRR he @Y dBEic&lI0 Witk edllr ®BAIS ofinidhhoty S€llsSgamely
anﬁ Ifiers enployed as a formof cache (as descri bed

af 2k SR8 M RS RMIE 1L RG] Do méMER sGEbAAL co®Y b part of a
caused to program
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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or otherw se configure nmenory controller 470 to nake
use of such a caching capability. In enbodi nents
wab@secdyeTory controller 470 is so programed, PCHYERIIN 043672
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 in which
each of those rows reside. Menory control]er 470 may
avoesins auivutidtan Goeddiea cHRRBISHRBIREF O CHBSE "EF5°T Ghy 1 o
be accessed in a given one of banks 499a-d is cached |
biyitialized Wooéx agns evheaspmphieesystemyd is efurnsd oo or {ppwered up”)
contents of that row of sense anplifiers is dirty,
whpdrfeem tasks motded to prpare chmpatetestart(0sfopnorayseo Ja some
and/ or whether or not a different rowis open wthin
gagitidaa bksuch @abhéflinksitsapdn ieitialization 95 ragetting ORCRRYIET FYHRM
accessed is determned to be cached and already open,
tdoercrie 10 atcessenndhelsdnmemarypleivice ¢86 tawstriava dnsgryctipns to be
cache may be read fromor witten to with the
teh B 16 PepRredherdadyycontroliend 7@ formanmal use impravidingagcess for
command) or only a wite conmand (or mni wite

OB o m@&n6ky et e @90 Wit infa@ e thad ttese pamecietrieyed instructions are
However, if tge row to be accessed is determ ned to be

CREARG toPppaftSsyiBin20872/400 6 MOr A s HPROKIBEIBTRs tnzsorage

al ready be open, then the data in the sense anplifiers

S&rvﬁzia NE0 8 FhLBe SoriRYf RGagd Bedla 116 DiaDimaybé tiedrbytsmrage
wth the transm ssion of both a row activate conmmand

(&gkgqgg a mni row activate command) and a read or
write command (perhaps a

[0053] In some embodiments, storage media 461 carries machine-accessible
instructions to be executed by CPU 410 to cause CPU 410 to cairy 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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mni read or wite conmmand either wwth or w thout auto
precharge). In such an instance, the transm ssion of
W b@snesact i vate command nmay be preceded wi t hP@T1ES2004/043672
transm ssion of a precharge conmand to cl ose anot her
row, if there is another row that is found to be
open. Alternatively, if a rowto be accessed is
deternmined to not be cached by a row sense
anplifiers, then the data in the nmenory cells of the
row, itself, may be read fromor witten to with the
transm ssion of a row activate comand foll owed by
waiting for the appropriate tine for the row
activation to be conpleted and then the. transm ssion
of a read or wite command causj ng the dat .mﬁg&}nbl
tuse ofreanse ympldfiars asy formet cashepad/selabmrugry drvice AgYiible to
sense anplifiers from which the data woul d %ggn bF
raporohaving ¢itty chnteris vimseRen ATBPliisE IRV asadArm of cache
[0055] Figure 5is a flow chart of enbodi nents of
ofae desciibevsat lengfheelsp vhateshereiphthen GRUW &H) manbefausphtoprogram
gi ven bank of a nenory device. At 510, a determ nation
| & cRdwise aenfigrevmetnosr cantrellectOde meke fise suel § eachingyy
have al ready been copied to corresponding sense
agaphbitityeris embbddinrentshvehegs memotyagviniroller 436 AESCRTR @SS S|
this determnation is nade by a nenory controller
cheskhy@nablkreld0 infydranabéaess tope itcaipoiatgya stioraghideyics Bigh as
of which subarrays or blocks of nenory have been
Chfikathtud Bilfer $PNmeviddptd haiatas davhéaicemplg the stafpe af yayious
each bank, and/or whether or not the contents copied
f F W Wilklih SleSub@vss nikihgapreach aftpinks #29asd aff eemorytdevice A90.
ot her 50 WD 2005/ 066967 PCT/ US2004/ 043672

eRRAUAE Whthef bied Gh e[{]dafrbaidffw suth@h barkadtatns Biféw 4G9, or not,
made by logic within t menory device that al so

C BBG oRovIdtCHh ifdieAtRA I HIREHEIrb @ E wathinCeaoief ke @9a-d are cached

received to possibly determ ne which course of action

S 'B? Y&y BEsdnk Slplifr£OGPIR t¥ & AB&rays 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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operations to be conpleted in less tinme. If the
contents of the given row have already been copied

w0 paos/oe@ese anplifiers, then at 520, a deter nm PEI/USIV04/643672
made as to whether or not the given row is the open
row within the given bank. 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 global 1/0
lines are operated to couple those sense anplifiers
to those global 1/Olines to enable data to be read
out of those sense anplifiers within a period of tine
shorter than would be possible if the data were read
out of the nenmory ce|ls. of the given row,. itself
Mo BNkaAY bF PP el (iR BT SR P HETOFETIg ot siche Figy be
gi ven bank, then a mni row, acéﬁv te conmand is d
36 e o pitaR (G5t {1 TEREABEOR ALPABAFPR G BRSCPR
address decoder  of the given bank to nake th sense
Angrhirs asnini 5vopGVEIeCRBIRADA] Ak aread of W@tegi(’{)’él??ﬂﬁéw aps a
accessible for being read at 524 with a mni_read
oimeead or weitg commandsithergigh oy witheys e reshaese fsuch 3
mni row activate and mni read commands may be .
Siegiancat the transnissien ofithe ravopaviAg sopyRaRd maythePrasgded with the
menory controller to signal variants of row activate
atrehsmisaicin o6 rpeechizge permmprdyigi desclapehen topeifitere rangthgytow
while in alternative enbodinents, logic wthin the
ik Jousid vo beomnt diermtistly, if haek to be mcested isetsrped ghnot
pertaining to the status of the given row within the
bevBhdddbika ooy Sise\WDyRTRE, 066 Sit7daRCT tiseeor0adls phthe row,
determ ne whether or not a mni row activate or m ni
rigRt, eysandd ey devideemrto edth theitransmissicuoiafrowriotivase
formof row activate or read command. [0056]
Aldnanaat folewyd by #aiting faahd epprspriate tine fayitheerowr apwivation to be
determined at 510 to have not been copied into sense
aggRhiEie @ bsd theMeR tahshiSon af slffadoniviiat ¢opmaisl cxasieg te dat

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 froma
given row within a given bank of a memory device. At 510, a determination is made
as to whether the contents of the given row have already been copied to
corresponding sense amplifiers within the given bank. In some embodiments, this
determination is made by a memory controller checking stored information
pertaining to which rows of which subarrays or blocks of memory have been copied
into sense amplifiers, which row is open in each bank, and/or whether or not the

contents copied from various rows into sense amplifiers are dirty. In other
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whet her the current contents of the sense amplifiers
corresponding to the given row are dirty or not. If

w0 b@soesent s of those correspondi ng sense anpPCT/U82084/043672
are not dirty, then at 540, a determ nation is nade
as to whether or not the bit lines coupled to the
menory cells of the given row are already precharged
or not. If those bit |lines have already been
precharged, then a possible precharging of the sense
anplifiers to prepare the sense anplifiers to receive
data fromthe given row (if the sense anplifiers
require such preparation) and a row activation
operation to prepare the nenory cells of the given
row to be accessed are carried out at 544, |f fhose
tmebodimenss, thia deterpatign aightlatse also b? aefepylagc ‘f’ﬁ]glﬁ e
precharge operation is carried out to precharge those
binempryrsyicg thas 410 chrskpsushsinsedyintamalien iy coaMas Aty tegeived
the sense anplifiers and the row activate operation ‘
atogosably idet¢roure whichsuarse b agiipashoyld be faken ueitablervarigns
the correspondi ng sense anplifiers are determned to
bepeitiony tcelte GBipletedhiaress din: iIf Blssertents of Beighrenirgw have already
carried out at 532 to copy the dirty contents of those
skerea eopiadnplto fénse smplifierh dhancal/52Q axekerminatien i madg as to whether
contents bel ong, just before those same bit |ines are
poawi dfegstbnabwid the cpadlrdvowvithinttee givesbailke I1§éngiven row is the
anplifier precharging and the row activation
ogRnabwai tieakieerhank ethat a flid reddropetuition wr whish asolators between
operation, isolators between the sense anplifiers and
biht sérisB@mplifitilseing thet doateBw! tiee gitdiclowt dud givbat /O3 Dev@e
2005/ 066967 PCT/ US2004/ 043672 contents bel ong (these

ri€d 10 @upRMBoRisknsk ian@hfias tathescglubdl &0 linestid enatiendata/to

cells of the given row) are operated to couple
t BORhNBLE STBRSE s&RBS/pBAR MWithe! $paiud dftiaseshbitér thid wedd be
such that the dirty contents may be transmtted by the

SEHLBIATR dak W Sre trédldue of tRE MRENOrE edllssof @fe ditid oawitieds.
ich the dirty contents belong and | atched by the

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 cells of that row when the correspondi ng word

line is operated to cause latching to occur. In sone
wepdstearent s, a witeback operation nmay be i ni PCHUSTHODHY3672

a command transntted by a menory controller, while

in alternative enbodi nents, a witeback operati on may

be brought about autononously by logic within the

menory device as a result of receiving a row activate

conmmand that would entail using sense anplifiers that

currently store dirty contents. After the possible

precharge of the sense anplifiers and activation of

the given row at 544, the read operation is carried

out at 546. [0057] Figure 6 is a flow chart of

enbodi ments of operations to wite data to a_  given

rletermint ihather o nas @ TiaHIOWHCH At BT} TefshrogBnang migy s cagied

determ nation is nmade as to whether the contents of

toneingievef anaherfexne oftoveastiyate eereag spnegnd.o

correspondi ng sense anplifiers within the given bank.

{00369 e Ahdroativebntfthe téritents ofghe givemeaw ang delerminge ab3i 040

menory controller checking stored information

Ravé adtieargedpiedilniocdensecaspliierswthien lat $30h adetgyminatiorhis aads as to

of nenory have been copied into sense anplifiers,

Witie@er BRWuirsntapatenisrof elcdendzaamiplifiarsciooespainding ¢o thgrgivepirow

t he _contents copied fromvarious rows into sense

P iy o a6t af the@ohdedts of thosd dreresp@dingdienserdnglifiets ae not dirty,

determ nation mght |ater also be made by logic within

tihen £340Q RAQERHHHET mRETIsUSADSMEDRIHT the bitlines woupdad todhe

that al so checks such stored information as comuands

A Emb§ <RIy Shé givﬁﬁ’&ﬁi’ ble)alrd@iyeyradhagzedior abt. dbthosebifines have
action should be taken to enable various operations

t ey GRARIEhSGed héPSFoskiblEpredhbraiofannicand anplifidriie

givern row have "already been copied into sense

\?ﬁgﬂt}dﬁée J[rh% IsSnse PRfiRks 16 4Reivd dataFRNIhe glve@Row $if MRcensks t 0
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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or not the given rowis the open row within the given
bank. If the given rowis the open row of the given
Wh200R/06€96EN a mni wite operation in which i SBCHUS084/043672
between the sense anplifiers storing the contents of
the given row and global 1/Olines are operated to
coupl e those sense anplifiers to those global 1/0
lines to enable data to be witten solely into those
sense anplifiers within a period of tinme shorter than
woul d be possible if the data were also witten into
the menory cells of the given row, itself.
Information is also stored at 624 indicating that
those sense anplifiers now have contents that are
dirty since those contents are now nore up to date
tchatents baleng Ghesemay ksrthe pameIhRes 23 a1e) CQ“@FR%‘E“’ GisRopy cells
row, itself, and in various ean%%nents, tﬁjs dir%g bit
oif dltegivanTbw) Arstdperatadsto eaTIIE EASHBE RPterieASanPIiE ose b
device and/or within a nmenory controller oper gin
times suehshay tbediity eontersovenas be tppsnpiffed bythg spose (5‘%)91’?}l e‘isrg"t’ the
the open row of the given bank, then a mni row
an¢morgtcellcafitiary to which theidaty entenss bedans ang 1 pheddy thhe
setting of a row address decoder of the given bank to
nmkgoryellsefithat rawpitichithe eorespmding ware lige it apsraieddp cepse
given row accessible for being witten to at 624 with
Alafthi tvodcue osomeredhbodingnts b walidgurk bpatatiqnrmaypeeinitiated by a
enbodi ments, the mni row activate and mni wite
CymadSmyitee by epasadry cantdolledivatileriv lteroafingreggbodiments, a
transmtted by a nenory controller to signal variants
OfyrifeBX¢ktheiiBor AR5 /RGEARE: RCT! ABRAMASYIF 10gic adthin/de eemory
and wite commands that require less tine to carry
O vice\ ialr&ultrdf ddceRinYad doveactiead coinmand that wogldenteiltusing sense
t he nenory devi ce autononously checks stored

i ﬂﬁﬁ@é fhaNcuRRRAR kBl Wty orithies, SAfibihe pbssibireprgthaege efdhe
wthin the given bank to determ ne whether or not a

Midke SAWIRES htBdcBv RTonBf e M0 ©WCRBIRNEe reay opaatiar is iceuied
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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out in lieu of another formof row activate or wite
command. [0058] Alternatively, if the contents of the
w@erweneaow are determ ned at 610 to have not PEBNS2004/043672
copied into sense anplifiers, then at 630, 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
640, 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 both a possible

recharge of the sense lifiers to repare.the .
sesmcsy doied il eckcueh Yereg dIaTmIBmeS FAMGRIG T fgeived
(if the sense anplifiers need such preparati n% and a
FopesibiY eTERe Wk SOTEHOLAS R SAILDY HE thERERS VB s

of the given row to be accessed are carried out ﬁt
@pdcatiors to hosempleted|in less timpa {fdhe eantents eifhs e ppw have already
precharged, then a precharge operation is carried out
theen gupszhiatogenselowdifiorst thep gEE20a8 detgmingiinds @ags phioyRsther
possi bl e sense anplifier prechargin and the row

at hbMthe givep ervatsi thmopen rowsvidiie theagiyandyni i the-gyeiom isithe
the contents of the corresponding sense anplifiers

ajpen elat of it piven bank éhediarmipi writeG@Bratioh émwhiclrisalaters brtween
operation is carried out at 632 to copy the dirty
ahOi@sd smplifidrhosengsdnsentempbf the ghentrow andglopg /@ gnes are
whi ch those contents bel ong, possibly using those bit

| dpeRsedas uphré those $ohee HhpiRr2OABLEHBAYI/O lines to enable data to
PCT/ US2004/ 043672 nenory cells of the given row, just
hief Wiitent PRFEintRMBsdxchsd dinngifienr eitlin aphaodeitime sieter thand
bot h the possible sense anplifier precharging and the

rRYLIASE bYRIIOH Rk éreRlsotvakenphtacke atm6rdells of theigeen
enbodi nents, a witeback operation nmay be initiated by

3ows REBIBNHf o iaisi s bise dotdd A 6% idicating that thiobeesensedmyplifiers

in alternative enbodi nents, a
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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writeback operation may be brought about autononously
by logic wiwthin the nenory device as a result of

WO e@siogiony a row activate command that woul d ePCEIUE2004/043672
using sense anplifiers that currently store dirty
contents. After possible sense anplifier precharging
and activation of the given row at 644, a row copy
operation is carried out at 646 whereby isolators
between the bit |lines coupled to the nenory cells of
the given row and those sense anplifiers to allow the
contents of the nenory cells to be copied across
those bit Iines and into those sense anplifiers when
the word line corresponding to the given row within

the given bank is operated.to cause the ry. cells.

ofctivpte a@ql Vaite F%Wn?r&l% dhat G ges§ e fo ARy (élﬁf W 11%1nta ternative

those bit lines. Wth the contents of the given row

rRsPedimeniF-egic Wit} e pramosededcewomously cheqhs Sipradh

wite ogperation at 624, as earlier described, takes

pinfermatign PARIZIDY &Y H6 s9R OPhr/2XSRaoN MnE s Sivep RAeRcto

What is clainmed is: 1. A nenory device conprising: a

f determisaiwhetheryor pt i rgw @ellyaie @r@@hWﬁ@ocoFrﬁ?‘ﬁldrrB%bea‘f%“ed

colums; a first plurality of bit lines, each coupled

t outan tioh afanotfer fsmmiyow eringte o wiltespmsindof subarr ay

isolators to selectively couple the first plurality of

b[0058] i nestermatiaelfi if gte qoptenisiof Hergeenanpyl dré eternined 4tjodQ fo

set of common isolators to selectively couple the

f havetnot beenafopied mge sermaphplifigsshemat$H3p] adesdritiyation is made as to

global 1/0 lines; and isolator control logic to

cohetiemat eutrdre copentadf the safke tielifiérs sorrespondifg withagivey row
are dirty or not. If the contents of those corresponding sense amplifiers are not dirty,
then at 640, a determination is made as to whether or not the bit lines coupled to the
memory cells of the given row are already precharged or not. If those bit lines have
already been precharged, then both a possible precharge of the sense amplifiers to
prepare the sense amplifiers to receive data from the given row (if the sense
amplifiers need such preparation) and a row activation operation to prepare the
memory cells of the given row to be accessed are carried out at 644. If those bit lines
have not already been precharged, then a precharge operation is carried out to
precharge those bit lines at 642, before both the possible sense amplifier precharging
and the row activate operation at 644 are carried out. However, if the contents of the
corresponding sense amplifiers are determined to be dirty at 630, then a writeback

operation is carried out at 632 to copy the dirty contents of those sense amplifiers to

the row to which those contents belong, possibly using those bit lines coupled to the
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isolators to allow data in a row of nenory cells

wthin the first subarray to be copied to and | atched
wWhooskesbT rst row of sense anplifiers, to coorBPCTHSE04/043672

the operation of the . first set of common isol ators

to allow data | atched by the first row of sense

anplifiers to be transmtted to the plurality of

global 1/O1lines, and to coordinate the operation of

the first set of subarray isolators to prevent the

| oss of data latched by the first row of sense

anplifiers by a precharge operation carried out to

precharge the first plurality of bit lines. 2. The

menory device of claiml1, further conprising: a second

subarray_of nmenpry cells organi zed into.rows an :

corpArysselly okide @h‘@nﬁP‘MfJaftibﬁf&%&OBﬁ? %aﬁr‘?%%’él?es é&?d?’feg%‘?'&ge&ﬁt 642

PR LGP AN L

PCT/ US2004/ 043672- a second set ~of subarray isol ators

t ke plaewatiod] yn swuptebadienis @gyrepackorpiation gry bpitiated by a

lines to a second row of sense anplifiers, wherein the

semomendsteansofittesiiyar mayoﬁywnﬁeldﬁrs\gglﬂ@n@ﬂimweeﬂ@gpdm@ts, a

i solator control logic to allow data in a row within

t tveitebselcapredatonbeayr tzebroeght ebayd pitesornenshinby logicorigdn By memory

the second row of sense anplifiers; and a second set

ofleviemuiresdiodfat@idng areehaivaieceinynand dhsit evonlieensailcusig sense

row of sense anplifiers to the plurality of gl oba

14@plifidre that vdresndiy stordéirty eontents.s Aftenpossiblersense amyvifiar or s

is operable by the isolator control logic to allow

dpfedhdrging hnd atijvatibhef the givaniravout @i, s s1vs eogmpleiatioe isscarrged

be transmtted to the plurality of global 1/0 Ilines

apeh 4 64HavRBY idak@s batvehetie bt linaecaptartd theonernbryselisef the

anplifiers from being
given row and those sense amplifiers to allow the contents of the memory cells to be
copied across those bit lines and into those sense amplifiers when the word line
corresponding to the given row within the given bank is operated to cause the
memory cells of the given row to discharge their contents on to those bit lines. With

the contents of the given row now contained within the sense amplifiers, the mini

write operation at 624, as earlier described, takes place.
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| ost when the first set of common isolators is
operated by the isolator control logic to allow data
wo adoshedeT n the first row of sense anplifiers POI/D82004/043672
transmtted to the plurality of global 1/0 lines. 3.
The menory device of claim1l, further conprising: a
first bank of nenory conprised of the first and second
subarrays, the first and second set of subarray
isolators, the first and second set of sense
anplifiers, and the first and second sets of conmon
i solators; and a second batik of nenory. 4. The nenory
device of claiml, further conprising control |ogic
configured to receive a read conmand wherein data is
copied froma rowwithin the first subarray through
HdtAIMPe first plurality of bit lines and the first
set of subarray isolators to the 58 WD 2005/ 066967
PCT/ US2004/ 043672 first row of sense anplifiers where
t Whatdaelgimed isat ched, and the data | atched within the
first row of sense anplifiers is transmtted through
the first set of conmon isolators to-the plurality of

%obal%lnée%lolri N&Rce p'l;[gﬁlgnenory devi ce of claim4,

erei e control Togic is further configured to
recei Vend: Jiviiray 68HemoiyRNCoshard idaiewhasd adlusasty

been copied from a rowwthin the first subarray and
| at chegfiRypluhif biitst liesyeach capheglao arplunfi @imssmandetis
respond by operating the first set of common isolators
to al | ofirst fee ofl;tbarrkpisclabus toyscleetinely ¢aupte the firs plusdify ef bit
anplifiers to be transmtted by the first row of sense
aliypisitd p &irss row f smghaplEfifsr st set of conmon isolators

O 10 B g B BRL ol £ B g e PRV e
f grglft)lli}?errs to a plurality of global /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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configured to receive a mni row activate conmand
wherein a row address identifying a roww thin the

wo posoe®obarray i s received by the control | ogPCT/US2004/043672
signal that data latched within the first row of
sense anplifiers fromthe roww thin the first
subarray is to be transmtted through the first set of
common isolators to the plurality of global /O Ilines
upon recei pt of a read command. 7. A controlling
device conprising: a first storage |location in which
data concerning the status of rows within a bank of
menory cells within a nenory device is stored; contro
| ogic coupled to the first storage |ocation to check

data within the first @ storage Iopaﬁion tq deter 'lnel.t ¢
i f t ha seemdentef sybargaydprlatpisite seleriivey sotplf thaseqepdplnality o

B nag eSS AR s
check if the . fi.c ' ' it hi n-
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t Q@oﬂﬁ%ﬁ?ﬂaﬂs Bk E@qi&? tPAdWVcheRBPTRE Sk oh Proveott deassdmmplifieeh;

fromthe control Togic to the nmenory device. 8. The
cgatrolling device of claim7, wherein a mni read
command is transmtted by the control logic to the
MEND Ya @esridaet off contmorcivolbent te salectively enpelsi the secondigvapie
al ready cached by a row of sense anplifiers and the
spess dgifierioitle plhwlinpefiglohabiOdine s wherdin thsagrondsetdus e
the data cached by the row of sense anplifiers to be
otDen 591atous SERBPlS Dyahs iselaton Confiol IgHp P i by
of claim 7, erein.a. . mani, row act] @
SR AL R R N I
t ﬁnets hmeld [Beﬁ@&éﬁt gﬁ\c{ llaqale'dfbytﬂlibesecond 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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contents of the specific row are already cached by a
row of sense anplifiers, but the specific rowis not
W0 b@sopes7 row Wit hin the bank, to cause the spRCI/UE04/043672
row to becone the open row within the bank and to
cause the data cached by the row of sense anplifiers
to be output by the nenory device. 10. The controlling
device of claim7, wherein a read command is
transmtted by the control logic to the nenory device
if the contents of the specific row are not already
cached by a row of sense anplifiers, but the specific
rowis the open row wthin the bank, to cause the
contents of the nenory cells of the specific rowto be

copied tgQ a row of sense anplifiers so t.o be cached

by rEtHew obs57st aBphias yﬁﬁeithqn@}tées Igheiepisbis fgiadughed within the
PCT/ US2004/ 043672. and to e the.dat opi ed from
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anphi.fi by the nenory device. 11. The
cgﬁyké%ﬁgﬁa%gégﬁggﬂggﬂ%Tain17, wherein a row activate
command and a read command are transmitted by the

control logic to the menory device if the contents of

t I5e s pabi hiethotpdevadecoftdimad, ivhadin thachsiebl ygi@isrfamheaf

sense anplifiers and the specific rowis not the open

r eenfiguréd (o redeévelramiai ted camsend derpbtd Hds @lrealy teen copied from

beconme the open row of the bank and be nade ready, for
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a r{fﬁlohéﬂ i Sird QetRf coﬁHfoB%olQé‘rstt@ e TR of 8MbGEIO iges. A
conputfer system conpri sing:
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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a processor; a nenory device having at |east one bank
in which a plurality of nenory cells are organized
WO ni08/066965; a nenory control |l er coupled to thePCT/US2004/043672
processor and having a first storage |ocation that
the nmenory controller accesses to determne if the
contents of a specific row fromwhich data is to be
read in response to a request for data fromthe
processor is already cached by a row of sense
anplifiers, and to check if the specific rowis the
open row wthin the bank; and 61 WO 2005/ 066967
PCT/ US2004/ 043672 a nenory bus coupling the contro
logic to the nenory device to allow commands to be

transm.tted fromthe control Ioglc to the 1§ .
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the control 1o ra ts.a mni read command to
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the data cached by the row of sense anplifiers to be

out put by the nenory device. 14. The conputer system

of claim 12, wherein the control logic transmts a
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t he nennrg device if the contents of the specific row
y

f resasTatiicd thﬁéop?@]clég@é@ thegaerpery dewieeH thegoateatseof the specific
al read

a row, of sen lifiers,. but .the
& BRI qlrepeyfcted by SOt HBRITIES e SSEICiSARN is thg open

C AT e %ﬁ?f%{ o Gl e *HEPEBY R RRE e bR it o ve
S%ﬁﬁ%tﬁ?ﬁkhﬁ&&ﬁ?d%%cge out put by the nenory

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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devi ce. 15. The conputer system of claim 12, wherein
the control logic transmts a row activate comand
w@nwsaca9end conmand to the nmenory device if theCT/US2004/043672
contents of the specific row from which the processor
has requested data are not already cached by a row of
sense anplifiers and the specific rowis not the open
row within the bank to cause the specific rowto
becone the open row of the bank and be made ready for
a read operation, and to cause the contents of the
menory cells of the specific rowto 62 W 2005/066967
PCT/ US2004/ 043672 be copied to a row of sense
anplifiers so as to be cached by the row of sense
anplifiers ata c t he

nd to, cause_the opied fro
s Feeq Fause {5 aigpopisd o B SRATEIGTOW ﬁag@ﬂéﬁe row of sense
anpl ifiers.to be output by the nenory device. 16. A
ne%%lgle{?otﬂ}g? PLPHEY t&?gfrgfrﬁ%%fl%véce\hhet her or not the
contents of a specific row of nenory cells wthin a
subarray of nmenory cells organized into multiple rows

and . colenRsn®iBng AViQRAHEIER TN Rterdint dHoR R:tivAW B8N SEd a
anplifiers; determning whet her or not the specific

I GadddonirRandr are Gahsnsittédhbyt fhe copm logivto thd mambandevide ifithe
menory device in which the subarray is | ocated;

t raanenistof ihegpecifit mw areadt dmadpeathedby heowrefresmye areplifss and

to read fromthe row of sense anplifiers a portion of

t Hbe espifisiey inrotitheopepaey fikin Bebark exapreythe spscidig rpy to

the row, of sense ifiers if the cantents of the
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glanl s'e]; & %c?}néeangrsgcr)rf;tg§ m%gl\%%é; éeel_llg g% %1\(3\’ sbéc'ciftig' owPRG cros%éld % a %W of
sense amplifiers so as to be cached by the row of sense amplifiers, and to cause the
data copied from the specific row and cached by the row of sense amplifiers to be

output by the memory device.

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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receiving the portion of the contents of the specific
row of nmenory. 17. The nethod of claim 16, further
W@p06@®bNg transmtting a mni row activate PONTS2004/043672
to the nenory device cause the specific row to becone
t he open row of the banks of the nmenory device if the
contents of the specific row have been copied to the
row of sense anplifiers, but the specific rowis not
t he open row of the bank of the nenory device. 63 WO
2005/ 066967 PCT/ US2004/ 043672 18. The nethod of claim
16, further conprising transmtting a row activate
command to the nmenory device to nake the specific row
t he open row of the bank of the nenory device,
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anplifiers and to read fromthe row of sense
anplifiers a portion of the contents of the specific

rag, 19he LoMpitbOsseaGHdlEINQ; wheeinhé Béhtidl IdgiGirarfiits @fmini
isolators coupled to a first row of sense anplifiers

i meadroesmaang eo the rhérsony eleeicpif thf camtanksof theg@dcifionommidn which
allow data copied into the first row of sense

arfst prpeassas hps taqnestdd dasa are elaeady caghediby agewlof serfse amplifies and
subarray to be output by the first row sense
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of | obal .../ O |ines that further. couple the first row
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lines to an output of a nmenory device of which the
subarray is a part; and operating a second set of

| 90| at qns c6apRbeHsRAL ¥RImA 2f WhekingBE cfrd?Idgid hr8Hit8Achini
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 arow 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 first row of sense anplifiers in response to the
recei pt of a precharge command to isolate the first
w0 owso669sENse anplifiers fromthe first set of P@I/US2004/043672
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
anplifiers frombeing | ost. 20. The nethod of claim
19, further conprising operating the first set of
isolators to isolate the first row of sense
anplifiers fromthe set of global UOIlines while 64 WO
2005/ 066967 PCT/ US2004/ 043672 allow ng the second row
of sense anplifiers cachi ng data copied froma second
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anplifiers being | hi ne-accessi bl e medi um
conpri sing code that when executed by a processor
within an el ectronic device, causes the electronic
dd6i ce Atmethotheapridieg:her or not a nenory device is
capabl e of caching the contents of a row of nmenory
cel | s dpternining whebhes pr sefribecaatapiy dfisspesifipraygpbmemory cells
menor ntroller to transnlt a mni_row activate
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sense anplifiers in lieu of reading the data directly
f rom t heénsmitting 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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row of nmenory cells being cached by the row of sense
anplifiers. 22. The machi ne-accessi bl e nedi um of claim
WQ@129050em96her causing the electronic device toPCT/EHSENG/043672
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/ US2004/ 043672 lines is carried out so
as to prevent data cached within the row of sense
anplifiers frombeing |ost. 66

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

Tow.

19. A method comprising:

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

operating a second set of isolators coupled between a first set of bit lines and
the first row of sense amplifiers in response to the receipt of a precharge command to
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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allowing the second row of sense amplifiers caching data copied from a second row
of memory cells to be coupled through the set of global I/O lines to the output of the
memory device and to transmit data from within the second row of sense amplifiers
to the output of the memory device without data stored within the first row of sense

amplifiers being lost.

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

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

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

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

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

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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lines is carried out so as to prevent data cached within the row of sense amplifiers

from being lost.
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