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10 devices used in portable personal computers greatly affects the length of time they can

]

be used without the need to recharge batteries powering such computers. Power
consumption can also be important even where memory devices are not powered by
batteries because it may be necessary to limit the heat generated by the memory devices.

In general, memory device power consumption increases with both the

15 capacity and the operating speed of the memory devices. The power consumed by
memory devices is also affected by their operating mode. A dynamic random access
memory (“DRAM”), for example, will generally consume a relatively large amount of
power when the memory cells of the DRAM are being refreshed because rows of
memory cells in a memory cell array are then being actuated in the rapid sequence.

20 Each time a row of memory cells is actuated, a pair of digit lines for each memory cell
are switched to complementary voltages and then equilibrated, thereby consuming a
significant amount power. As the number of columns in the array increases with
increasing memory capacity, the power consumed in actuating each row increases
accordingly. Power consumption also increases with increases in the rate at which the

25 rows of memory cells are actuated. Thus, as the operating speed and capacity of
DRAMSs continues to increase, so also does the power consumed increase during refresh

of memory cells in such DRAMs.



2 During a DRAM refresh, power is also consuned by conponents other than
those in the nenory cell array. For exanple, DRAM devices generally include
a |arge wandsas43f i nput buffers to couple a | arge nunber refT/cswaBs@lr and
address lines to internal circuitry. Wile the DRAMis being refreshed,

t hese input buffers continue to 5 swtch responsive to control and address
signals applied to their respective inp@ts. However, during sone refresh
nodes, control and address signals are not used by the DRAM In an
auto-refresh node, for exanple, an auto-refresh command is applied to the
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renmovi ng 20 power to the input buffer for t cl ock signal during the
aut o- r ef r eghiedetsrintitbd Rerioddef time. sDuringltlds parisé, thpUuPRAM doesmendspoml e

regi stered at the conclusion_ of the auto-refresh eriod. As.is kn in
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buffers fordqutiag mosmeneledh Scnehsesapevchdrguses ap aveatiosedadibone, theesignals
auto-refresh period, a spurious command corresponding to the transitional
states of tceupled gupughithe sapyt fraffers arenajnsededuaing apjapipoighEsh @8l can be t aken
to avoid coupling clqgck_signal transitjions.to a nory Vi til -
powering of the i npuﬁnbﬁt}ef g?’agt’ h&lf @%ehavgor?ﬁ?%tlgg&e Josﬁﬁjﬁ}%lgg {cﬁlgogﬁwéllegnal
transi t{9n consumption of DRAMs during auto-refresh by removing power to all input buffers

except input buffers for clock (“CLK”) and clock enable (“CKE”) signals. However,
leaving the input buffer for the clock active causes the input buffer to consume a
significant amount of power during the auto-refresh period since the input buffer toggles
with each clock signal transition. Power could be significantly reduced by removing
20 power to the input buffer for the clock signal during the auto-refresh period. But doing
so could cause spurious commands to be registered at the conclusion of the auto-refresh
period. As is known in the art, memory commands are typically registered by latching
command signals into respective latches responsive to one or both edges of the clock
signal. If a clock edge occurs during the time that the input buffers for the command
25 signals are being re-powered after the auto-refresh period, a spurious command
corresponding to the transitional states of the input buffers may be registered. Although
care can be taken to avoid coupling clock signal transitions to a memory device until re-
powering of the input buffers have been completed, a spurious clock signal transition
may be generated. A spurious clock signal transition can be generated if the clock

30 signal has a high logic level when the input buffer for the clock signal is re-powered.



may be generated. A spurious clock signal transition can be generated if
the clock 30 signal has a high logic | evel when the input buffer for the
cl ock si gwa o03ies4438- power ed. WO 03/ 034435 PCT/ US02/ 33147  PCTiMgS03p8I47 ous
clock signal will then register whatever spurious comand corresponds to
the logic levels at the outputs of the input buffers for the conmand
signals. In the past, attenpts have beed made to reduce power during a
self- refresh cycle by renoving power fromthe input buffers during the
self-refresh period. 5 For a self-refresh command, spurious comands are
avoi ded by
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t her eby causing spurious command sses to be registered. One
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15 this approach is not suitable for use during an auto-refresh cycle. Unlike a self-refresh

command, for which the controlling specification allows a delay of two CLK periods to
exit the self-refresh cycle, the controlling specification for an auto-refresh command
requires the DRAM to be able to register a command occurring on the very next rising
edge of the CLK signal. However, the input buffers for the command and address

20 signals may still be in a transitional state at that time, thereby causing spurious
command or addresses to be registered.

One approach to minimizing power consumption during an auto-refresh
cycle is to remove power from some of the command and address input buffers, but not
the input buffers for the clock and clock enable signals, for a predetermined period after

25 the start of an auto-refresh cycle. For example, if an auto-refresh cycle is expected to
last 60 nanoseconds, the input buffers might be de-energized for the first 40
nanoseconds. Although this approach does reduce the power consumed during an auto-
refresh cycle, it nevertheless still allows a significant amount power to be consumed
during the period of time that the input buffers are energized. It is generally not

30 possible to de-energize the input buffers for substantially the entire auto-refresh cycle



| ast 60 nanoseconds, the input buffers m ght be de-energized for the first
40 nanoseconds. Although this approach does reduce the power consuned
duri ng anwauism34a3ef resh cycle, it neverthel ess still all owCTaUS®2gsi4fi cant
anount power to be consunmed during the period of tinme that the input
buffers are energized. It is generally not 30 possible to de-energize the
input buffers for substantially the enti4e auto-refresh cycle WD 03/ 034435
PCT/ US02/ 33147 4 because the input buffers nust be re-powered well before
the end of the auto-refresh cycle and the end of the refresh cycle cannot
al ways be predict.ed. w -energi zd e} t
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\VENT! O ASREE O Gl riore the e HapB e et a0y Loy Rarm ¢
random 510 access ek {s AN adkdeld@r artiRuitOmiehE@sd thathfoWRAMroRe! udes
a first set of input buffers through which command signals are coupl ed.

The i nput bighffeast wdectich mathe edwen comymedty- PRAMS dukeg thaytoceiraght cxebns une
power responding.to signals applied to their .inputs, and a plurality of
conmand si@ﬂgpggﬁgéﬁEFg§@Hngép cpmmands FAddesiSned nenory command, such
as a "no operation” command. Wien an 15 internal auto-refresh tinmer tines
out, the bias is renoved fromthe command signals, and the input buffers
are enabl eSUMMARYE OV EHE INVENDRARN r ecei ves a cl ock signal, an input

buffer through which the clock signal is coupled nay al so be disabl ed
during the auto-ref FeBisthodrand gircpih gedupgs the powergonsigned bya dypanc S3KeEl  may

be re- bl r | 4 the in u K - Fgnal s
So the 1 merga oL PRV iy Gl Rert: e IRARE rblifer HRRGL 3 000
can be contiigt ItRefereliabide wihich bemfilaae ksigialinade. coliped. DRRAM i B EDs aheck
the state of a predeterm ned command signal to transition the DRAMto a

| ow power pisebledr@uingpaetogeiieshesa dhryl deinoh consurie pawed respppdig to signals

applied to their inputs, and a plurality of command signals are biased to assert a

predetermined memory command, such as a “no operation” command. When an
15 internal auto-refresh timer times out, the bias is removed from the command signals,
and the input buffers are enabled. In the event the DRAM receives a clock signal, an
input buffer through which the clock signal is coupled may also be disabled during the
auto-refresh. If so, the input buffer for the clock signal may be re-enabled before re-
enabling the input buffers for the command signals so the timing at which the command
20 signal input buffers are re-enabled can be controlled relative to the clock signal. The
DRAM may also check the state of a predetermined command signal to transition the

DRAM to a low power precharge mode at the conclusion of the auto-refresh.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of a conventional memory device in which

25 the inventive power saving circuit can be used.
Figure 2 is a block diagram of one embodiment of a power saving circuit

according to the present invention.



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a block diagramof a
conventional nenory device in which 25 the inventive power saving circuit
can be usedo3mBguse 2 is a bl ock diagram of one enbodi nentraafusnzpamer
saving circuit according to the present invention. W 03/034435

PCT/ US02/ 33147 5 Figure 3 is a timng diagramshow ng various signals
present in the power saving circuit of5Figure 2. Figure 4 is a block

di agram of anot her enbodi nent of a power saving circuit according to the
present invention. 5 Figure 5 is a block diagramof still another

enbodi ment of a power. i s e ?ﬁﬁ ' i€ MsehindEhEl ON
Figure 6 is a bl ock gf%g?%ﬁggaf %g{ug%r(rl})a er@ﬁ%@é‘?ﬁgglgﬁﬁiﬁmi dlevi ce
cont ai ni ngp&vwfngmhmgfyignma’_t according to one enbodi nent of the
present invention. 10 DETAILED DESCRI PTION OF THE I NVENTION Figure 1 is a

bl ock di agram of a cd&igrent iisadilock diegieshefianailergmbodipgrRfin BR¥EsEViignor y
("SDRAM') 2. that can utilize the prgsent invention, including one or nore
of the eHbSE?LHgarﬁcg%gré%%’rti‘%B{fs%rué‘{%ﬁt?mf-‘bmeyer, it will be understood that
various senbodi ments @{z 01§ BrLORRL difMemt bOBIC ARothLS embedingatl of i poher
types of 15 DRAMs. The operation of the SDRAM 2 is controlled by a conmand

decoder 4 srwspongitecodiny tglthd presdnt oyenteord si gnal s recei ved on a control
bus 6. These high | eyel 0 d signals, which are typicall ener at ed by
a nmemory controll er %%Feéﬁ%naﬁp%%m%f%%aﬂ@ prsygte %&%%ﬂ%ﬁgg%"éﬁal
CKE*, a cl Lghal 0P Ar3@! 8Gor@hg@! ofs> emboRikrt! 6f eRAk&sedi gnal
VE* | a rowggllgérﬁé%%sp%éﬂe ng19 a IRAS*, zri c%l um% adeg} esls strobe 2 siegnal
CAS*, and @mwatien.mask signal DM in which the "*" designates the signal as

active low. The command decoder 4 generates a sequence of command signals
responsive to the high |l evel command signals to carry out the function

(.9, @& " 4 At 5D DESCRIPTION OF THE INVENTION

Figure 1 is a block diagram of a conventional synchronous dynamic

random access memory (“SDRAM”) 2 that can utilize the present invention, including

one or more of the embodiments described herein. However, it will be understood that

various embodiments of the present invention can also be used in other types of

15 DRAMs. The operation of the SDRAM 2 is controlled by a command decoder 4

responsive to high level command signals received on a control bus 6. These high level

command signals, which are typically generated by a memory controller (not shown in

Figure 1), are a clock enable signal CKE*, a clock signal CLK, a chip select signal CS¥,

a write enable signal WE*, a row address strobe signal RAS*, a column address strobe

20 signal CAS*, and a data mask signal DM, in which the “*” designates the signal as

active low. The command decoder 4 generates a sequence of command signals

responsive to the high level command signals to carry out the function (e.g., a read or a

write) designated by each of the high level command signals. These command signals,

and the manner in which they accomplish their respective functions, are conventional.

25 Therefore, in the interest of brevity, a further explanation of these control signals will be
omitted.

The SDRAM 2 includes an address register 12 that receives either a row

address or a column address on an address bus 14. The address bus 14 is generally

coupled to a memory controller (not shown in Figure 1). Typically, a row address is



wite) designated by each of the high | evel command signals. These command
signals, and the manner in which they acconplish their respective

functi onswoama3esavent i onal . 25 Therefore, in the interestraafudessyisty, a
further explanation of these control signals will be omtted. The SDRAM 2
i ncl udes an address register 12 that receives either a row address or a
col um address on an address bus 14. Th& address bus 14 is general ly
coupled to a nenory controller (not shown in Figure 1). Typically, a row
address is WD 03/034435 PCT/US02/ 33147 6 initially received by the address

register 1%1@3381 rggeg{réé@%{ t%ng aﬁdlregsv%%g%{ §5 ﬁn@gﬁfﬂf-eﬁ lt@é?%x;y 18dress AL g@ﬁ’elaf%j. ress

mul ti pl exer cou row address to unber conponen

associ at edThé kb idiRes nltifleger MBnavuyled ank sov2 Address thep annhbagofigmmpdneatsst at e
of a bank address bit form ng part of the row address. Associated with

each of t hesspeintsd yvithneither 5f o nemary banks29p 88 dereadingyneadhe state ofjachanks

whi ch stores, the.row addres and a.row ,decode , j e row
addr ess anacfcgﬁsﬁﬁ’llte@n%ﬂgrp@?p%ﬁlﬁ W@V %‘jf(%%sgﬂ ?Sf' %01%%%“’%3 eawééﬁgfb %263(’5{56 (}ggmlgérg 22.
The rowsadgs ess s kdshBdtR¥GowlR1dadsS QateR 28| ®%idhoras eHeeweaddress! ARl b 9vw
address | atches 26 for the purpose of refreshing the nenory cells in the

arrays 20, dg@@der 2R) wittich depndesiic eow eddrgseangeapplies erreasponding sigedls tpuensafes by
a refresh counter 630, é(\/ﬂich is controlled by a refresh controller 32. The
refresh coleri®yef0852%s in turn, controlled by the conmand decoder 4.

More specifically, thge oy sgﬁﬁ”ﬁ%ﬁéxé 13PALd ESupPist RS adiRess@&UicOthE §bwvesh
co nd

command AREF or a self-refres SREF conmmand to the refresh

cont r ol | er a@RessAatchepl@ifordtle phiposs of refisching theamenoracedle it fige arefys 20h22.
controller to 15 refresh the rows of mepory cells i tﬂe arrays 20, 22 in
one of OwoTBerew dadiseschgre smgeaded fnmeiTsh RHIROSESIY %F&@‘é COpRIEr ch is

self-refr e§w ?ylar}engg%r (ﬁ)“fﬁl%ﬂéri.{]i opilk l%ﬁ‘gg’l con‘iljaﬁglé fss?lﬁlrh]tuﬁp RbLPd1leQ by32.

causes the to €ss each’'row of nenory the array-using

the refresthecauitheid d&otier gentdratspedificllyOilicagdingstiedecoddtusapplies eiliditanoned
above, in the auto-refresh node, 1t is not necessary for an external device
to 20 appl putadeieshseommand ABEEGIW@E-IB@@SMWWMW@‘%@MM@M pthevelresht he

auto-ref re%cr)]n‘uroller 32. As explained above, these commands cause the refresh controller to

15 refresh the rows of memory cells in the arrays 20, 22 in one of two corresponding
modes, namely an auto-refresh mode or a self-refresh mode. In the auto-refresh mode,
the refresh controller 32 causes the SDRAM 2 to address each row of memory cells in
the array using the refresh counter 30 to generate the row addresses. Thus, as
mentioned above, in the auto-refresh mode, it is not necessary for an external device to

20 apply addresses to the address bus 14 of the SDRAM 2. However, the auto-refresh
command must be applied to the SDRAM 2 periodically and often enough to prevent
the loss of data stored in the memory cells of the arrays 20, 22. The self-refresh mode is
essentially the same as the auto-refresh mode except that it is not necessary to
periodically apply a command to the SDRAM 2 from an external device at a rate

25 sufficient to prevent data loss. Instead, once the refresh controller 32 is placed in the
self-refresh mode, it automatically initiates an auto-refresh with sufficient frequency to
prevent the loss of data from the memory cells of the arrays 20, 22.

The commands applied to the refresh controller 32 correspond to
respective combinations of the command signals applied to the command decoder 4.

30 These command signals are CS*, RAS*, CAS* and WE*, and CKE. To assert either



command nust be applied to the SDRAM 2 periodically and often enough to
prevent the |oss of data stored in the nenory cells of the arrays 20, 22.
The sel f-wefo3esiussode is essentially the same as the aut @araisveshisnode
except that it is not necessary to periodically apply a command to the
SDRAM 2 from an external device at a rate 25 sufficient to prevent data

| oss. Instead, once the refresh control fer 32 is pl aced in the
self-refresh node, it automatically initiates an auto-refresh with
sufficient frequency to prevent the loss of data fromthe nmenory cells of
the arrays gOnRee or HIGIROFEANARNARRYA. 6h 0 dAe LY 8P, LARENQY fiy WE
correspond TO Trespective conbi nations of ’the command signals applied to

t he commangwgesoniactive highO The€SEE citnhdderdiigeaihethsrethESDRAMS willA&iseand
WE*, and CKE. To assert either WD 03/034435 PCT/ USQ02/ 33147 7 the AREF or
the SREF ctherenunandSiecodendp gergrate apmagto-rafreshheonzmand er 4 salf-refissh yemmandist be

i nactive hi The. si gnal t er,n nes,.whet her h || se

t he comnm_dﬁgfg%(gleggpwg?‘gggcﬁ aet (‘fflpeappf S é%%ﬁa%%%ﬂﬁtoggﬁr ?ﬁ% resh
commands  bdntffiEr 83, i ORE k6w CRBTEBREhME GREETer 4 WALl dppBpP SREFtofREmdcemand
to the refresh 5 controller 32. If CKEis |low, the conmand decoder 4 wil |

appl y a SREE winstagdntralertite fdefrespohsectinan ARBF cemmand, ftlees SORSEMt D veill AREF

command, the,  SDRAM 2 wi || . under go auto-refresh cycle and wi.ll then wait
for anot hewm&?w\?ﬁq%?@ ?‘Pﬁi} w G’teﬂé?YaltA%EIgnﬁtg ofamang, Whieh, |y e o an

SREF commapghh LNERE aid.! I m AORED % AnSSRET 'R, e SORANG Mivkill
continue to do so until the CKE signal transitions 10 high. After the row
addr ess hasndezgna aglfiréfeathtogele had adt ceostinuedgidet serunti?2 tlenGKEstigad transitianse  of
the row address latches 26, a colum address is applied to the address

regi st dP 1bighThe address regi ster 12 couples the colum address to a colum
address | atch 40. 1 i . qgg%m e
colum address is 1?2&?%%1%(}%%%{%% ﬁ%?%%gh%ghga&?gttﬂ{:%%ﬁtgsesr . tgaaatrllgol um
addr ess bubtoedd idbne®T thordvh eddrusssihichen2) tacdolutan whidreds igpppli&btoahs addiessce of
colum addresses to the colum address buffer 44 starting at the_ colum

addr ess outggigterbh2. t Hbe addicssseegisteyi 19t ecouplep the golamnhaddresade a qofjsnn address
latch 40. Depending on the operating mode of the SDRAM 2, the column address is

15 either coupled through a burst counter 42 to a column address buffer 44, or to the burst
counter 42 which applies a sequence of column addresses to the column address buffer
44 starting at the column address output by the address register 12. In either case, the
column address buffer 44 applies a column address to a column decoder 48, which
applies various column signals to corresponding sense amplifiers and associated column
20 circuitry 50, 52 for one of the respective arrays 20, 22.
Data to be read from one of the arrays 20, 22 is coupled to the column
circuitry 50, 52 for one of the arrays 20, 22, respectively. The data is then coupled to a
data output register 56, which applies the data to a data bus 58. Data to be written to
one of the arrays 20, 22 are coupled from the data bus 58 through a data input register
25 60 to the column circuitry 50, 52 where it is transferred to one of the arrays 20, 22,
respectively. A mask register 64 responds to the data mask DM signal to selectively
alter the flow of data into and out of the column circuitry 50, 52, such as by selectively
masking data to be read from the arrays 20, 22.
One embodiment of a power saving circuit 100 for reducing the power

30 consumption of the SDRAM 2 or some other DRAM during an auto-refresh cycle is



col um address buffer 44 applies a colum address to a colum decoder 48,
whi ch applies various columm signals to correspondi ng sense anplifiers and
associ at edocwsloasmss 20 circuitry 50, 52 for one of the resmpearusoe/3amrays 20,
22. Data to be read fromone of the arrays 20, 22 is coupled to-the colum
circuitry 50, 52 for one of the arrays 20, 22, respectively. The data is
then coupled to a data output register 86, which applies the data to a
data bus 58. Data to be witten to one of the arrays 20, 22 are coupl ed
fromthe data bus 58 through a data input register 25 60 to the colum

circuitry 5 52 ere,if,| ansferred to o f the arr.ays .20, .2
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incorporated in the dtdpessr savingsdimnitlD0 itddudsserfirst det of npublenffendBi2sthaiod

that the power saving circuit_ 100 shown in Figure 2 can be placed in other
portions ofoupe fheeextpnaliaddress bps 44 i@ an idernakaddress bus | P to Brovidspotyradbii ces.
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15 strobe (“CAS*”) signal, an active low write enable (“WE*”) signal, and an active low
chip select (“CS*”) signal. An active high clock enable CKE signal is coupled through
an input buffer 120 to generate an internal clock enable (“ICKE”) sig1‘1a1, and an
external clock signal is coupled through an input buffer 124 to generate an internal
clock (“ICLK™) signal. The input buffers 110 in the second set and the input buffer 124
20  for the ICLK signal are enabled by an active high IBENCLK signal. The input buffers
110 for the command signals can be switched to a “tri-state” (i.e., a high impedance)
condition by a low command input buffer enable IBENCMD applied to the “Z” input of

the buffers 110, and to an active low impedance state by a high IBENCMD signal.
The IBENCMD signal is coupled to the gates of several PMOS
25  transistors 130-134, which are coupled between a supply voltage and respective internal
command signal lines, and to the input of an inverter 136. The inverter 136, in turn, is
coupled to the gate of an NMOS transistor 138, which is coupled between ground and
the ICS* signal line. After the input buffers 110 are enabled by a high IBENCLK
signal, the IBENCMD signal transitions high to switch the input buffers 110 to a low

30 impedance state and to turn OFF the transistors 130-136 so they do not affect the



15 strobe ("CAS*") signal, an active low wite enable ("WE*") signal, and
an active low chip select ("CS*") signal. An active high clock enabl e CKE
si gnal i swooispBedst hrough an i nput buffer 120 to gener at ecansoaternal
clock enable ("ICKE") signal, and an external clock signal is coupled

t hrough an input buffer 124 to generate an internal clock ("ICLK") signal.
The input buffers 110 in the second set %and the input buffer 124 20 for the
| CLK signal are enabled by an active high I BENCLK signal. The input buffers
110 for the conmand signals can be switched to a "tri-state"” (i.e., a high
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NMOS transi stor 138, RO R WP@&IW{SMQJ{SBSW_ ﬁ&g ’{Ci‘?{elﬁ?la%@is?sgnal
line. Afst ebifeentbRRHEoRbAEESndl rofl theSiph BidreRy 18, kDB IRENG e conghaHaRl |
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coupl ed. Thsseited egspadsivoisrdrocling Tnass ICRAS, and IS Activelby, andTSE* amctived | as
5 other internal comrand signals fromthe input buffers 110, are applied to
a commeitd bécoder unit 140. The command decoder unit 140 generates a
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| RAS*, | CAS*, and | CS*active |ow and | WE* inactive 10 high. The

aut o- r ef r eBasebomthecstARBE thies Cidpbigeal, the refresbideeeder d6¢ ddiermingoif the AREF
command is for an auto-refresh or if it is for a self-refresh. If ICKE is high, the AREF

=

15 command is interpreted as an auto-refresh command, in which case the refresh decoder
150 passes the AREF command to an output terminal as an AREF’ command. If ICKE
is low, the AREF command is interpreted as a self-refresh command, in which case the
refresh decoder 150 generates a SREF command. The refresh decoder 150 command
will continue to generate the SREF command until the ICKE signal transitions high.

20 The AREF command is also applied to a timer 154, which generates a
Tout pulse after a predetermined period. The Touyr pulse causes the refresh decoder 150
to terminate the AREF’ command, thereby terminating the auto-refresh cycle.

All of the input buffers 110, 120, 124 as well as the transistors 130-136,
the inverter 138 the command decoder unit 140, the refresh decoder 150 and the timer

25 154, are shown in Figure 2 as being located in the command decoder 4. However, as
previously mentioned, these components could alternatively be located elsewhere in the
SDRAM 2 or in other memory devices.

The operation of the power saving circuit 100 will now be explained
with reference to the timing diagram of Figure 3. The combination of control signals

30 (“CMD”) that constitute an auto-refresh AREF command are applied to the SDRAM 2



along with the internal clock I CLK signal and the internal clock enable

| CKE signal. Based on the state of the | CKE signal, the refresh decoder
150 det er wins3u435t he AREF command is for an auto-refrestpavuso/3sm7i s for
a self-refresh. If ICKE is high, the AREF 15 commuand is interpreted as an
auto-refresh command, in which case the refresh decoder 150 passes the
AREF command to an output term nal as al) AREF' command. If ICKE is |ow,
the AREF command is interpreted as a self-refresh conmand, in which case
the refresh decoder 150 generates a SREF command. The refresh decoder 150
command wi] | I . QTR I @ﬁ%ﬁ gnal
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signal, a vwiheot cdrstmedbiver eveh if theisiiral hrgsitidhe agdlitaptdleddcasing y&d £resibe AREF
command generated by the command decoder unit 140 also triggers the tiner
154, whi ch the BPRAM Eresmnsurpes relativelyiliile pewernrdbiriagtthe peprelEeshayedee Theplow

response t ?BEN%M]BI stién%tl 'tQhs %Nttﬂg tr%ﬁsﬁ‘s'?co?sl %i% rthh]s%\eby maintaining the IRAS*,

15 ICAS*, IWE* signals high and the ICS* signal low during the auto-refresh cycle.

Driving these signals in this manner asserts a no operation (“NOP”) command.
However, since the clock input buffer 124 was disabled by IBENCLK transitioning low
at time T, the command decoder unit 140 does not register and decode these signals as
a no operation (“NOP”) command.

20 The timer 154 generates a Toyr pulse at time T, thereby causing the
refresh decoder 150 to transition the AREF’ signal low to terminate the auto-refresh
cycle. The refresh decoder 150 also drives the IBENCLK signal high at time T, to
couple the CLK signal through the input buffer 124. If the external clock CLK signal is
low at time T,, enabling the input buffer 124 will have no effect until the next rising

25 edge of the CLK signal. However, if the CLK signal is high at time T, enabling the
buffer 124 at time T, will cause the ICLK signal at the output of the input buffer 124 to
transition at time T, which will register the command signals at the output of the input
buffers 110 as a valid memory command. However, since the IBENCMD is still low at
time T, the memory command is registered as a NOP command, which will not cause

30 the SDRAM 2 to perform any memory operation. Significantly, the spurious rising



refresh decoder 150 also drives the | BENADD, | BENCMD and | BENCLK signal s

| ow, 10 thereby disabling the input buffers 102, 110, 124. The i nput
buffers 10® 0305835124 will thereafter not respond to si gredT/tS0ansi4ri ons
applied to their respective inputs so that they wll not consune power
even if the signal transitions are rapidly occurring. As a result, the
SDRAM 2 consunes relatively little powetl during the auto-refresh node. The
| ow | BENCMD signal turns ON the transistors 130-136 thereby naintaining

t he ERAS*, 15 | CAS*, |IWE* signals high and the ICS* signal |ow during the
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15 Another embodiment of a power saving circuit 200 is shown in Figure 4.

The power saving circuit 200 is substantially identical to the power saving circuit 100
shown in Figure 2, and it operates in substantially the same manner. Therefore, in the
interest of brevity, the circuit components used in the power saving circuit 200 that are
identical to the circuit components used in the power saving circuit 100 have been

20 provided with the same reference numerals, and an explanation of their operation will
not be repeated. The power saving circuit 200 differs from the power saving circuit 100
by using a permanently enabled input buffer 220 to generate the internal clock ICLK
signal from the external clock CLK signal. The power saving circuit also includes an
internal clock buffer 230 that is enabled by the IBENCLK signal.

25 The operation of the power saving circuit 200 is substantially the same as
the power saving circuit 100. Specifically, in response to registering an AREF
command, the IBENCMD, IBENADD and IBENCLK signals transition low to disable
the input buffers 102, 110 and the internal clock buffer 230. As a result, neither the
input buffers 102, 110 nor circuitry (not shown) downstream from the internal clock

30 buffer 230 consume power during the auto-refresh cycle initiated in response to the



the transistors 130-136 so the I RAS*, | CAS*, |IWE* signals are no | onger

bi ased high and the I1CS* signal is no |onger biased |low. As shown in

Fi gure 3, wwhss/sefssesh decoder 150 al so transitions the | BENABD288gnal hi gh
at tinme T3, although it could transition the |BENADD signal high at tine
T2 or sone other tine. 10 The power saving circuit 100 thus reduces the
power consuned by the SDRAM 2 during adZauto-refresh cycle, and it does so
in a manner that avoids the possibility of a spurious nmenory conmand bei ng
regi stered responsive to the input buffers 100 for the command signals
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the input buffer 220 foor the clockK signal and circuitry 1n the refresh
decoder 150d¢ntiaal toetwocitslitt comaprmehiSlised iigrthé poivet soong wireuipd 0@ rhaseibeay t he

provided with the same reference numerals, and an explanation of their operation will

15 not be repeated. The power saving circuit 300 differs from the power saving circuit 100
by allowing the SDRAM 2 to operate in a mode that automatically transitions the
SDRAM 2 to a power saving precharge mode at the conclusion of a reduced power
auto-refresh cycle. In addition to the components used in the power saving circuit 100
of Figure 2, the power saving circuit of Figure 5 includes a mode decoder 310 that

20  decodes the CKE signal and a data mask (“DM”) signal applied to a DM input terminal.
As explained above, the DM signal is used to mask data being read from or written to
the SDRAM 2. Thus, the DM terminal is not needed during a refresh of the SDRAM 2
because data are not being read from or written to the SDRAM 2. Although the DM
input terminal is used in the embodiment shown in Figure 5, it will be understood that

25 some other terminal that is not used during refresh may be used to assert an auto-refresh

command.



auto-refresh cycle. Wien the timer 154 tines out to generate the TOUT

pul se, the refresh decoder 150 can sinply wait for half the period of the
| CLK si gnelo @fiser3st he preceding 5 rising edge of the | CLK WiTgusbk/381@7
transition the | BENCVD, |BENADD and | BENCLK signals high. The power saving
circuit 200 thus has the di sadvantage of consum ng nore power than the
power saving circuit 100 of Figure 2, bl? it has the advantage of being
able to enable the input buffers 102, 110 wi thout generating a spurious
command. Anot her enbodi nent of a power saving circuit 300 is shown in
Figure 5. 10 The power i I LG Ui I: simlar to the
power savi ng circuitW%ﬁéagﬁg&%x%#ﬁ&#ﬂé%&%83+§ghdﬁﬂbﬂﬁﬁgt|aIIy operates in
substantially the same nmanner. Therefore, in the interest of brevity, the
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prechar ge node lhp“ BASWIEHISHINEC 4 ¢ oducedpower—auto—+efresh—eyicle. In
addition to theNgﬁﬂg;(meEFMd@ed |n tre powgr savijng circuikg? 100 of |Figure
2, the power spvimg circurt of Frgurg 5 1nctudes a node decoder 3107t hat 20
decodes the CKENsimpladREMlodedata mask ("DW') signal appl f‘'Bd to a DM i nput
termnal. As explained above, the DM signal i1s used to nask data being
read fromor witten to the SDRAM 2. Thus, the DMterm nal is not needed

during a refresh of t 2?@%!\43 i Q‘Jﬁgﬁ’aﬂd‘é% or
witten to the SDRAM’IE1 t oug/ﬁ %Tﬁqﬁl/feg ?‘ﬁl?)%tﬁtgerm na SF? usoe ﬁee
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the CKE signal. If the CKE signal is high when the AREF command or at any time

during the auto-refresh, when the Tour pulse is generated to end of the AREF cycle, the

10 SDRAM 2 returns to its normal operating mode to wait for another memory command.
However, if the CKE signal is low when the AREF command is asserted and remains
low during the entire auto-refresh cycle, the refresh decoder 150’ generates an active
high low power precharge (“LPP”) signal when the Toyr pulse is generated to end of the
AREF cycle. Also, in the low power precharge mode, the SDRAM 2 remains in the low

15 power AREF mode so that the refresh decoder 150’ does not transition the IBENCMD,
IBENADD and IBENCLK signals high at the end of the AREF cycle. Circuitry in the
SDRAM 2 (not shown) responds to the high LPP signal to remove power from circuit
components in the SDRAM 2 that need not be powered to retain data stored in the
memory arrays 20, 22 (Figure 1). For example, power may be removed from the

20 command decoder 4 (Figure 1), the column decoder 48, and some of the row decoders
28.

The SDRAM 2 remains in the low power AREF mode as described
above and in the low power precharge mode until the CKE signal transitions high.
Also, as mentioned previously, if the CKE signal transitions high at any time during the

25 AREF cycle, the active high LPP signal will not be generated at the end of the AREF



Low Power Precharge Low Power AREF Mode 660" "1" W thout Low Power
Precharge Normal AREF Mbde "1" "0" Nornmal SREF Mode "1" "1" Thus, if the
DM si gnal wicso3hisgisswhen t he AREF or SREF conmmands are 5 assartsd;3smhe SDRAM
2 operates in a conventional manner. However, if the DMsignal is |ow when
the AREF command is asserted, the SDRAM 2 operates in the | ow power AREF
node described above with reference to R4ures 2 and 3 regardl ess of the
state of the CKE signal. If the CKE signal is high when the AREF comand
or at any tine during the auto-refresh, when the TOUT pul se is generated
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signal to r#rdsceagometicaliyoswitsheg tiet SDBAM Gnienars operatinge mBORAMIR ertiof theed
not be powered tg é\%&alin d%'ﬁfgl stored in the nempry arrays 20, 22 (Figure
1). For exaf‘fgf"é? TR RV HE FERSFRROYV IR COHE™SE- command decoder 4 (Fi gure
1), the col umm decodey : : :
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reviously, if the CKE signal transitigns high at any tinme during the 25
RREF cydle, POWEF Brechayge msls, phior nqsns of ifferengatingcbejwpey these) mades 1wan dgd of

the AREF WOQ,Q3/ 0@&4%1{?)@:/ AR AT motid register (not shown) could be programmed

with one or more bits during initialization of the SDRAM 2 to indicate a selected
operating mode.

Figure 6 shows an embodiment of a computer system 400 that may use

15 the SDRAM 2 or some other memory device that contains an embodiment of a power

saving circuit as described herein or some other embodiment of a power saving circuit

in accordance with the invention. The computer system 400 includes a processor 402

for performing various computing functions, such as executing specific software to

perform specific calculations or tasks. The processor 402 includes a processor bus 404

20  that normally includes an address bus, a control bus, and a data bus. In addition, the

computer system 400 includes one or more input devices 414, such as a keyboard or a

mouse, coupled to the processor 402 to allow an operator to interface with the computer

system 400. Typically, the computer system 400 also includes one or more output

devices 416 coupled to the processor 402, such output devices typically being a printer

25 or avideo terminal. One or more data storage devices 418 are also typically coupled to

the processor 402 to store data or retrieve data from external storage media (not shown).

Examples of typical storage devices 418 include hard and floppy disks, tape cassettes,

and compact disk read-only memories (CD-ROMs). The processor 402 is also typically

coupled to a cache memory 426, which is usually static random access memory

30 ("SRAM") and to the SDRAM 2 through a memory controller 430. The memory



cycle. Wien the CKE signal transitions high, the refresh decoder 150
transitions the ]BENCMD, |BENADD and | BENCMD signals active high as
descri bedwabpwe4433he refresh decoder 150" al so transiti orrcTris®2B8RR7si gnal
inactive low to re-apply power to circuitry in the SDRAM 2. The | ow power
AREF node with the LPP node thus not 5 opl y mnimzes the power consunmed by
the SDRAM 2 during an auto-refresh cycl e,5 but it also automatically
switches the SDRAM 2 to an operating node at the end of the auto-refresh
cycle in which even | ess power is consuned. Although the power saving
circuit 300csh@Mer 4Bo Fhé H&®Ssst ' e enkd ween
| ow power auto-refresh rrgd(i:l%sélwi th ?n@ﬁw%éﬁ%? ee %dg\fv%glg&gp%vg@%rgeﬁﬁ%r ge
node, ot her canpinovohddtesste pahtolamnngldostesaortht DRAMM AR prevdousde exsigifled. For
(not shown) could be progranmed wth
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400 that may use 15 or sone o nenory ai ns
an enbodb netet thefdate fnvef: the paodengr alL Cefitler dsreclBE6r iRALINAE @hdingty BRABISL her
enbodi nment Ag_{ an%wer saving circuit in accordance with the invention. The
conput er systk BEMQEY eRpdllgr 3G arndiss pppropriate spmpenl stgnatsgo ibe SDRAM
conmputing f ti S cuting.specific sof re to erfor
specific ca gﬁldgtﬁﬁﬁ%e gr ask?g[g'l%g%aﬁgé L&Y H9¥F iokgﬁeuéi@g"eﬁs Y18 &8 bus
404 20 t hatdesoritvadl dbgvé.ncl udes an address bus, a control bus, and a data
bus. In addition, the corrgut er system 400 includes one or nore input

devi ces 414, such as Broreythoalotegomeait mollsbe apugtised tthatt hethougc espscific 402

to alloya . I interface wi.th the congputer = system 400. Typically,
the co rrg%t gerng)lgoﬁlfélﬁél?[ns fgghea}n%ntf%ﬁw&éﬁeeﬁ ﬁlgsgﬁ)e%e@% fRrpeposge of dinstratian,

coupl ed t o vaeup HFEEREbNHIRY b YEHOMRIE dO6Ui; | Yol Linter
25 or a video termnal. One gr more data sto%gggﬁggﬁlg%glﬁiféﬁggg%a&soe
typical |y doupltiet. tAscondingly thriassmiondd Aot limitdeeptadsdyahie fficnd@V@aigat a from
external storage nedia (not shown). Exanples of typical storage devices
418 include hard and fl oppy di sks, tape cassettes, and conpact disk

read-only menories (CD-ROVs). The processor 402 is also typically coupled
to a cache nenory 426, which is usually static random access nenory



30 ("SRAM') and to the SDRAM 2 through a nenory controller 430. The nenory
WO 03/ 034435 PCT/ US02/ 33147 15 controller 430 includes an address bus
coupl ed twadse3agdr ess bus 14 (Figure 1) to couple row adurms®essand
colum addresses to the DRAM 2, as previously explained. The nmenory
controller 430 also includes a control bus that couples conmand signals to
a control bus 6 of the SDRAM 2. The exgernal data bus 58 of the SDRAM 2 is
coupled 5 to the data bus of the processor 402, either directly or through
the menory controller 430. The menory controller 430 applies appropriate
command signals to the SDRAM 2 to §ﬁ5®§jthe SDRAM 2 to operate in one or
nore of the power saving nodes des § above. Fromthe foregoing it wll
be appreciated that, although specific 10 enbodi nents of the invention
have been descri bed herein for purposes of illustration, various

nmodi fi cati ons mayl.be nAdewer tshidug ctiewit ot wg ifradynangc gaidont acogsh BEmOE Of

the inyventiop. Accordjngly, the invention is, Jn,ted except as hy the
ppenddiirBearRist o hoamtmn o A0es ey L RAMA e Tore AEBBaERoGhui ng
CirCUiQmBﬁﬁiHﬁf in a dynam c random access nenory during refresh of the
dynamc r ngo access nmenory ("DRAM'), the power saving circuit

conprising: a firsfirssatt of inpnpbiffdrsioberableapetecablate tespagéine idttmal esmpaatd ve

i nternal conmmand signals from external command sit%nal s applied tqg the

i nput  bigRly Somy gxderng spmmpaid @egaals apnlied to fthe mputbuflers, the tepué Muffeg Byhey
first r E{ﬁfﬁiﬁégﬂﬁhéd% Q&ﬁ@rg&&ﬁ%%%mpperable to bias at |east one internal
command Si gna? esponsﬁ;e 0 a second refresh signal; and a refresh

decoder oper abl e 4 biaglekadeogiratleasbiadaelehflont igbrmaDeoTRMENd Sigh atdpvsivel a
refresh of the DRAM and causing the DRAMto be refreshed responsive

t her et do atspeondrrefreshsiigpicddder generating the first and second refresh
signal's during t ha? relfr%];ﬂ ggc%dgg oﬁe@eﬁ)le to decode at least one internal command indicative
of a refresh of the DRAM and causing the DRAM to be refreshed responsive thereto, the
refresh decoder generating the first and second refresh signals during the refresh of the

DRAM.

2. The power saving circuit of claim 1 wherein the first and second

refresh signals comprise an auto-refresh signal.

3. The power saving circuit of claim 1 wherein the refresh decoder is
further operable to removing the bias from the command signals and enabling the input

buffers in the first set at the conclusion of the auto-refresh cycle.

4, The power saving circuit of claim 1, further comprising a clock input
buffer through which an external clock signal may be applied to generate an internal clock
signal, the clock input buffer being disabled by a third refresh signal, and wherein the refresh
controller is operable to generate the third refresh signal during the refresh of the DRAM.

5. The power saving circuit of claim 1, further comprising a clock input

buffer through which an external clock signal may be applied to generate an internal clock



DRAM 2. The power saving circuit of claim1l wherein the first and second
refresh signals conprise an auto-refresh signal. 3. The power saving
circuit oWwocdsasmss wherein the refresh decoder is furtherrcapesoabsi7t o
removing the bias fromthe conmand signals and enabling the input buffers
inthe first set at the conclusion of the auto-refresh cycle. 4. The power
saving circuit of claim1, further conprising a clock input buffer through
whi ch an external clock signal may be applied to generate an internal clock
signal, the clock input buffer being disabled by a third refresh signal,

"ot r oo Reph bt S BRRa SPTEPRLs by B ALl B TLORE Lfadhed

1 .
refresﬁ urtng theretres ower saving circult

of cl aisiandls réspohdis t-OpRRAktSinidedirgdsaidn dMidinterhdlicigk sighabugh whi ch an
external clock signal may be applied to generate an internal clock WO

03/ 034435 PCT/ US02/ 33147 17 signal, and wherein the refresh controller is
operable to termnate the first .and.second,refresh .si.gnal.s.responsive to a
predetermined transiti .%qwegﬁgvpgtcérpwglo?g}aggk{ ﬁlaﬁé{} .{}%GT.G ﬁ?ecoﬁg-&/c\)@?r 1ssayi ng
Circui topafablel @B fmindeig! fist AR E&Bﬁ&%@fr&ﬁrﬁ%@hé Siic-hAf RPSGRAI 6 the di&km nat e
the first and second refresh signals one-half the period of the clock

si gnal sgfnhkaftaddeectingifephalepraiet dransited transition. 7. The power saving

circuit of claim5 wherein the refresh controller is operable to term nate
the first and second refresh signals responsive to detecting a second

transition of the, cl ookheShanalsaiaklciduit P A’ § WHERAL il Estfilef o Lhe

polarity of the ‘predetermned transition. he power saving circult of

cl ai m bpefaeleciontetrhimatyl the fktr aid tecondnpefiesk Signalst lespisivt do detufihged secorin
output termnal of an _input buffer in the first set through which the at

h
| east drasitige afntie denkndigalshaying ajrolagy dheidis difernsnb fioghdhe paletitygok thecui t

of cl a'é{&d]ete\{%%e 't&ntsf?ﬁpp' as circuit is operable to bias a plurality of
intern conmand signal's to respective states that assert a no operation

menory comrand.
8. The power saving circuit of claim 1 wherein the bias circuit comprises
a transistor coupled to an output terminal of an input buffer in the first set through which the

at least one internal command signal is coupled.

9. The power saving circuit of claim 1 wherein the bias circuit is operable
to bias a plurality of internal command signals to respective states that assert a no operation

memory command.

10.  The power saving circuit of claim 1 wherein the refresh decoder is
further operable to detect the state of a predetermined command signal, and, in response to
detecting a first state of the predetermined command signal, to continue biasing the command
signal and disabling the input buffers in the first set at the conclusion of the auto-refresh

cycle.

11.  The power saving circuit of claim 10 wherein the refresh decoder is
further operable to remove the bias from the command signal and enable the input buffers in
the first set responsive to detecting a transition of the predetermined command signal from

the first state to a second state.



10. The power saving circuit of claim1l wherein the refresh decoder is
further operable to detect the state of a predeterm ned command si gnal,
and, in rexponsesso detecting a first state of the predetrrmuseeds@omand
signal, to continue biasing the conmand signal and di sabling the input
buffers in the first set at the conclusion of the auto-refresh cycle. 11.
The power saving circuit of claim10 wgperein the refresh decoder is
further operable to renove the bias fromthe command signal and enable the
input buffers in the first set responsive to detecting a transition of the
predeterm ned co nd.signal from the. first. s .. WO
03/ 034435 PCT/ USO3/ 3310 Popegr 33 m%hcémﬁ%m%f rﬁ%’fanv?%‘%&*e?% 3‘?{&’%’%&2 flgéogﬁbs
wher ei Mg o?@fabl%scb dRBRAREdtGmikddr doRfoneRe batHealyhmitiraading agvesiatbm ned
components of the dynam ¢ random access nenory at the conclusion of the
aut o- r et rtbs lrooglubien r efs fsn sitogefreshd eycde respgnsive ite sdeterting ea dirstt sfate of the
pr edet er m ned.caonmand si nal. 13. The power saving circuit of claim12
wher ei #'¢ Eer’il’él?q%éjé’ﬂma@?ég@a'i s further operable to enable the
pr edet er mi ned conponents of the dynam c random access nenory in response
to detecting a transition of the predeterm ned command signal fromthe
first state to a ISecorithespater.satihg cliveit pdvedains & iwhgran tioairdfresli de¢aiiemist
wherein the refresh decoder copprises: a first deﬁ}%d r operabl e to decode
€

the at fuehar opsieble de snable the rnipedcemRARen(§s o thecfynaayc gandome 249851 and
to gen erm fresh si ' % L e
R R

pr edet etrgi sitel ta £édcendsiategnal and generating a refresh term nate signal a
predeterm ned period after the predeterm ned refresh signal; and a second
decoder coupled to the first decoder and to the tinmer, the second decoder
bei ng operable to generate a ref r.esh.co.nmain n e f.ir saco
refresh signals 4espo 51 8V o SPHES ﬁ%rézgét%r%l]aﬁnégl &;e}ferr'ged%htﬁ%irgﬁgh, 8§%§grsecond
decodercofpifsber being operable to

a first decoder operable to decode the at least one internal command indicative
of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto;

a timer coupled to the first decoder, the timer being triggered by the
predetermined refresh signal and generating a refresh terminate signal a predetermined period
after the predetermined refresh signal; and

a second decoder coupled to the first decoder and to the timer, the second
decoder being operable to generate a refresh c’ommand and the first and second refresh signals
responsive to the predetermined refresh signal, the second decoder further being operable to
terminate the refresh command and the first and second refresh signals responsive to the

refresh terminate signal.

15. The power saving circuit of claim 14 wherein the predetermined
refresh signal comprises an auto-refresh signal and the refresh command comprises an auto-

refresh command.

16. A power saving circuit for use in a dynamic random access memory
during refresh of the dynamic random access memory (“DRAM?”), the power saving circuit

comprising:



termnate the refresh command and the first and second refresh signals
responsive to the refresh termnate signal. 15. The power saving circuit
of claimwO oslveswsn the predeterm ned refresh signal conpdRER2a38147
auto-refresh signal and the refresh command conprises an auto- refresh
command. 16. A power saving circuit for use in a dynam c random access
menory during refresh of the dynam c 19andom access nenory ("DRAM'), the
power saving circuit conprising: W 03/034435 PCT/US02/33147 19 a first
set of input buffers operable to generate respective internal comuand
signals from ext J I | 4 i t: e
ingut buffers ine% ﬂgét S???@%gg?ﬁ%‘g?n © ?gaofgeégtsﬁé%@ﬁcggg 11}t21;1‘1‘;a£§<%ﬁm&af£al; a
cl ock isignals froff exterhilr @ughamhsighalaapeiddeanrtad inplud blffaisgthalinpg budeysl indhe o
generate an internal clock signal; a bias circuit operable to bias at |east
one i ntidEhsst beipgdisabled byadirstrededidignas to a second refresh signal; and a

refresh decoder o l.e t.0 (o) t, . a - r : dto
initiate an aut o-%)g{c’?:gsﬁp%ty]@?@&r{eﬂg% s{’vgigﬁt%ler&g?%{apf Logf(rse?[?l égﬁ%g‘ég‘?

bei ng fgshbher amipeiadcRckQigndet ect the respective states of first and second
predeterm ned command signals, the refresh decoder being operable to:
perform a sel f - r ef bieg pirefit opraalibRiqbian at lsggms ntemali eeroairhd) sighalgesponsivef r esh
corrmandt and d%'; eﬁti nsg a.first state of the first predeterm ned command

si gnal As§eRdrereth €8St t he second predet ermi ned cormand signal ;

perform an aut o- rgfdRsh dedodeh 8pdPhifiihd QedRAS RO RSt drCal§eaFHsA QoA Ad to
refresh command and a detecting second state of the first predeterm ned

comuandnitpigaabutamefreshfdyclstrespoasive tierdthche eefmsbl dpealdebengifiréur operatalado
signal ; , perform an auto-refresh of the and generate the first and
second Gt (G FPoRTRE Bt B9 Bis 500 ABRHT Y SR RS S B and
detect | c{&o@erfﬁe{n%toperable to:

perform a self-refresh of the DRAM in response to decoding an auto-

refresh command and detecting a first state of the first predetermined command signal
and a first state of the second predetermined command signal;

perform an auto-refresh of the DRAM in response to decoding an auto-
refresh command and a detecting second state of the first predetermined command
signal and a first state of the second predetermined command signal,

perform an auto-refresh of the DRAM and generate the first and second
refresh signals in response to decoding an auto-refresh command and detecting a first
state of the first predetermined command signal and a second state of the second
predetermined command signal; and

perform an auto-refresh of the DRAM, generate the first and second
refresh signals, and disable components of the DRAM other than the first set of input
buffers at the conclusion of an auto-refresh cycle in response to decoding an auto-
refresh command and detecting a second state of the first predetermined command

signal and a second state of the second predetermined command signal.

17.  The power saving circuit of claim 16 wherein the clock input buffer is
disabled by a third refresh signal, and wherein the refresh decoder is further operable to
generate the third refresh signal along with the first and second refresh signals.



state of the first predeterm ned command signal and a second state of the
second predeterm ned command signal; and perform an auto-refresh of the
DRAM geneais@3sdie first and second refresh signals, and MiTsEdeRE3147
conmponents of the DRAM ot her than the first set of input buffers at the
conclusion of an auto-refresh cycle in response to decodi ng an auto-
refresh command and detecting a secondgstate of the first predetennined
command signal and a second state of the second predeterm ned command
signal. 17. The power saving circuit of claim 16 wherein the clock input
buffer is disabled by.a third refresh. si.anal ,.and whereif t fr:
decoder is furthéﬁ‘opépg%W%N?ﬁmvﬁgﬁ@Fgggfgﬁgmt%fpgm?g#ﬂ%s S%@g%%%”%ﬁ%ﬂg
W th t hesrfal Esthprsed a SREeRREaHIS kRSN signal s. WO 03/ 034435 PCT/ US02/ 33147 20
18. The power saving circuit of claim16 wherein the first predeterm ned
signal conprises a clock enable signal. 19. The power saving circuit of

claim 16 wherein the cond %redetern‘i ned signal c ri.ses a__data macfk
aPn S8 ndPe

signal . 20. The power S%iPRY'<i FBUNE 6o ! THR e rEemp
decoder. rg&terﬁﬂﬁé‘d@%ﬂ%lg&n RNl idQidda St and second refresh signals at
t he coﬁ%lusion of The auto-refresh 1t the first state of the first
predeterm ned conmand signal and the second state of the second

det i ned d si I e detected, th f h, decoder, bej
Further operabl e Ao cHI PO Suingr GRfcpl oy 16 sthesrin s Ecal dgrades i

. | : - ref. ' t th
Fivar RPelep AR e Rrind ARof I PR ol iy LSy aGE PR oL Sady 1

pr edet df tHenfadt SaeWwhik Sispprictémiited edrambidsighdl. and ks §ovMT stsR\of g Loomdli t  of
claim 20 wherein the refresh decoder is operable to continue generating

t he fi rsedeereninadcesmampnd pigd vwerg igiosteds therefresbriocodsr dgings further oparabde fef r esh

| h I ned i.gnal is.neintajned in t
Secona eoBapefes5iRl i BELE LSRR SrE Pl RuBRthF PR e @ity e
decoderthé Secof® SR fahé Grdt releftahRcl RBmhiahd kigARdandQRO R ofi @ 5HRYT i @oshE at

the conclusion of the auto-refresh
predetermined command signal were detected.

21.  The power saving circuit of claim 20 wherein the refresh decoder is
operable to continue generating the first and second refresh signals at the conclusion of the
auto-refresh as long as the second predetermined command signal is maintained in the second

state.

22.  The power saving circuit of claim 20 wherein the refresh decoder is
operable to terminate the first and second refresh signals at the conclusion of the auto-refresh
by detecting a predetermined transition of the internal clock signal, and to terminate the first
and second refresh signals responsive to detecting the predetermined transition of the clock

signal.

23.  The power saving circuit of claim 22 wherein the refresh decoder is
operable to wait a predetermined duration after detecting the predetermined transition
terminate the first and second refresh signals before terminating the first and second refresh

signals.



by detecting a predeterm ned transition of the internal clock signal, and
to termnate the first and second refresh signals responsive to detecting
t he predewerosimedstransition of the clock signal. 23. Theqiowsee/33@avi ng
circuit of claim?22 wherein the refresh decoder is operable to wait a
predeterm ned duration after detecting the predeterm ned transition
termnate the first and second refresti signals before termnating the first
and second refresh signals. WO 03/034435 PCT/ US02/ 33147 21 24. The power
saving circuit of claim16 wherein the bias circuit is operable to bias a
plurality of intgrnal i S I e at, 0 L ry
command. 25. Theﬁgbweg%ggg%%% %#%%ﬁ%@m%fogfgﬁﬁ%%g ﬁ%@@%ﬁﬁﬁ{ﬁ%bgg??gs

dec odebFe@aanb kSRS pRrdlity ot ileasidesmmany dphas togdeansde nohspetitioh eaghorgne
internal command indicative of a refresh of the DRAM and to generate a

pr edet épmimaed. ref resh signal responsive thereto; a timer coupled to the
first decoder, the tinmer being triggered by the predeterm ned refresh
signal and generating a refresh term nate signal a predeterm ned period
after the predetesm nggher §fw@ShvitldBdduit 811 ¢lan SRS WHercie ARSI QEfr3RUMCeEert O the
first decoder and to the tinmer, the second decoder being operable to

gener atemarisssf r esh command and the first and second refresh signals

i toth t i f h si |, th d d d furth
bei g oper abl e 1 8 TIHGRED I CBORHI b dPEsioe i e T AGORFTER T Scond.
refresiegignah e Pfé??g{ﬂ%q& glgl t&%eh&ﬁte aﬂﬁ’%e@&'ﬁﬁﬁéﬁﬁ@fr@&t%@ﬁﬂ} ge?, nsiveGhertfde pover

saving circuit o erein the predeterm ne esh signal

conpri ses an aut a- tiefer estupkidgrmaltharfitstt decadef, r éshtimemiming doggerédsdy the aut o-
refresh command. 27. The power saving circuit of claim 16 wherein the bias
ci r cui Predeisrpined safreshisigngs pnd generedip pairesh tarrmipale pighal aprisigmingd pa9dnput

buf fer b hSrddefeihiR8 eI, and

a second decoder coupled to the first decoder and to the timer, the second

decoder being operable to generate a refresh command and the first and second refresh signals
responsive to the predetermined refresh signal, the second decoder further being operable to
terminate the refresh command and the first and second refresh signals responsive to the

refresh terminate signal.

26. The power saving circuit of claim 25 wherein the predetermined
refresh signal comprises an auto-refresh signal and the refresh command comprises an auto-

refresh command.

27. The power saving circuit of claim 16 wherein the bias circuit
comprises a transistor coupled to an output terminal of an input buffer in the first set through

which the at least one internal command signal is coupled.

28. A dynamic random access memory (“DRAM”), comprising:

a row address circuit operable to receive and decoder row address signals
applied to an external terminal;

a column addréss circuit operable to receive and decoder column address

signals applied to an external terminal,;



which the at | east one internal command signal is coupled. 28. A dynamc
random access nenory ("DRAM'), conprising: a row address circuit operable
to recei vwoarsth3dssoder row address signals applied to an rEaresoadi47
termnal; a colum address circuit operable to receive and decoder colum
address signals applied to an external term nal; W 03/034435

PCT/ US02/ 33147 22 an array of dynam g2random access nenory cells operable
to store data witten to or read fromthe array at a | ocation determ ned
by the decoded row address signals and the decoded col um address signals;

a data path circuit operagble.to I at a_ sj S I .0t he
data between th@wgﬁ%gmﬁ raéfgl?) gf%gfs§%%0¢g% gae?glé%csg%ra}gﬂﬁ g’élf“ger?m
gener at@©br RGN el LradQi 8NedaloR dSEAHRBE By @fe dRBUOlowshdiinets Signalefané sizondi ng
to command signals applied to respective external term nals and coupl ed

t hor ouglcaleflicobimnsatdrest signplst buffers to generate respective internal
command signals, t input. buffers in the first set being disabled a
first refresh si é‘n%%? pﬁlﬁ’e"l WEF@? &3P ﬂ%t?ﬂ%]ta% AR, I{]i1 idﬁlgaya
bi as Ciypiiteh 1OPSIALINA dhQxkird data thi@agdl; one internal command si gnal
responsive to a sécond refresh signal; and a refresh decoder operable to

decode at | east aemmaire sigial gemmaEnodopenghle &t goneratod sajuerder asoniydl igralsDRAM

and causing the DRAMto b refi%sh d responsive thereto, the refreH?h
decodercogeropdingnty coramand signalsjarnlicd g 1espschxe cxfegpal) terginris vipd: fiek r esh

of the . SOl g : i N the
Piret OBl o fre sl MR BTHE B RARINE RaBESRRBE Konfafl Bpclle MPREMD (10
dynam ouffendarthedies st ban®d disasibd by ai fins2@frebtesighdl, theeonghdandsdignatl garmekeor i S

further operable to renoving the bias fromthe command signals and, enabling
the i rfmﬁerbmph@m ianbig ecirciitsepesabile do hipe ak derst poieotnteanalt srnmaRd Sigpt esh

;ycl e. rg’s%bngi\r}gtodawe%%&erf%&g91%1112?1?5:1{3(13S menory of claim 28, further conprising

a refresh decoder operable to decode at least one internal command indicative
of a refresh of the DRAM and causing the DRAM to be refreshed responsive thereto, the
refresh decoder generating the first and second refresh signals during the refresh of the
DRAM.

29.  The dynamic random access memory of claim 28 wherein the first and

second refresh signals comprise an auto-refresh signal.

30. The dynamic random access memory of claim 28 wherein the refresh
decoder is further operable to removing the bias from the command signals and enabling the

input buffers in the first set at the conclusion of the auto-refresh cycle.

31.  The dynamic random access memory of claim 28, further comprising a
clock input buffer through which an external clock signal may be applied to generate an
internal clock signal, the clock input buffer being disabled by a third refresh signal, and
wherein the refresh controller is operable to generate the third refresh signal during the

refresh of the DRAM.



cl ock input buffer through which an external clock signal nay be applied to
generate an internal clock signal, the clock input buffer being disabled
by a thirdosfsesh signal, and wherein the refresh contrddrwsozs3aper abl e
to generate the third refresh signal during the refresh of the DRAM WO
03/ 034435 PCT/ US02/ 33147 23 32. The dynam c random access nenory of claim
28, further conprising a clock inputobuffer through which an external
clock signal may be applied to generate an internal clock signal, and
wherein the refresh controller is operable to termnate the first and

second refresh si,gnal s,responsi ve.to a predeterm ned i1 f. t he
internal clock si3gnal S“@éfyg%% f&%%aﬁce %ﬂﬁ%@@%@ %%ﬁfﬁ?[%&g?) Hl(? ?igllng%z
wher ei R1doREnp&f BIRRR thARiZh WhitE an! SctQRET AbéiE s%ﬁalt BB RPN €0 febh&hteatd
second refresh signals one-half the period o the clock signal after

det ect iimgrmahelogk sigedle and whedretr tiegefréshbrronB@dlleriheperpblartd termanae thedirsieanst
menory of clajm 32 erein the refresh . controller.is. eratgl)l to termnate
the fi rsg‘tonéﬁﬁﬁ%séékﬁ?\éﬂr@?ﬂoé@ﬁe g9 @H@Flgte?’é@ﬁ‘gﬁ??%onc (bfth%’t“g%f‘f‘]ﬁ C a?l@étond
transition of the clock signal having a polarity that is different fromthe
polarity of the predetermned transition. 35. The dynam c random access
mermory of cl ai m 28. wheltei dynhinéc tindsm aicess unémaynfrdlsiss3 2 whesns ikstrefredoupl ed

to an output termnal of an input_buffer in the first, set éhéouglﬁhq(ﬁh'ch
the at cpaEelier dhepsrablerin dermurpatehralis gnhsecprd edissh stgnalg@nehad tag A %% andom

access [y..0f I : j i .clrcuit 1s operable to bias a
pl ural it ?ag?ly?lg?aé%h%: @éocwﬁ@egﬁ%@n%doﬁ%esg%&“ ve states that assert a
no operation nenory conmand. 37. The dynam c random access nenory of claim
28 wherein the refresh decoder is further operable to detect the state of

a predet erni ned Gdnmankhesdypamic randem degessraepenysel dleimdd? sderaiy the wefies
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37 wherein the refres
the predetermined transition.

35.  The dynamic random access memory of claim 28 wherein the bias
circuit comprises a transistor coupled to an output terminal of an input buffer in the first set

through which the at least one internal command signal is coupled.

36. The dynamic random access memory of claim 28 wherein the bias
circuit is operable to bias a plurality of internal command signals to respective states that

assert a no operation memory command.

37. The dynamic random access memory of claim 28 wherein the refresh
decoder is further operable to detect the state of a predetermined command signal, and, in
response to detecting a first state of the predetermined command signal, to continue biasing
the command signal and disabling the input buffers in the first set at the conclusion of the

auto-refresh cycle.

38.  The dynamic random access memory of claim 37 wherein the refresh

decoder is further operable to remove the bias from the command signal and enable the input



decoder is further operable to renove the bias fromthe command signal and
enabl e the input WO 03/034435 PCT/ US02/ 33147 24 buffers in the first set
responsi vea @/det3ecti ng a transition of the predeterm ned raanmsad3143i gnal
fromthe first state to a second state. 39. The dynam c random access
menory of claim 37 wherein the refresh decoder is further operable to

di sabl e predeterm ned conponents of tfpe dynam c random access nenory at

t he conclusion of the auto-refresh cycle responsive to detecting a first
state of the predeterm ned command signal. 40. The dynam c random access

menory, of. cl.ai wherein t.he refresh e [ thel r89!§ o]
enabl ebPﬁ%rSdpetg]%?ﬁf‘trﬁeﬁé%sﬂ%%%ﬁoe ?tggtg]‘g %%rea% %@ﬁ%@h‘% ﬁ%\eggtr%ﬁmglggézss r%lﬁnr y in
I €S PONSRNAIOTHR HRCilsD&at® té h 38hlis@te, of the predeterni ned comand si gnal
fromthe first state to a second state. 42. The dynam c random access

menory of claim 28 wherein the refresh decoder conprises: a first decoder
operable to deco the at. |l east one internal co d ipdicativ 0,

ot esh of t he. DARM aTde GRcIEn 2oisbdur IO e Per | BORoD G gfresh
respongi g ' [ fd qQste, i ei ng
trigge?gﬁﬁﬁimfﬁgﬁg§f§eengﬁ%ﬁ%gﬂ% ff%gﬁhgggﬁgﬁagﬁgﬁgenergﬁ?ﬂgn%.gggggsh

t er m natessingnaky a the eciatlesion ofttie petoreftestadyichr resgomsive ol détectmgreefirst sthteesh
signal; and a second decoder .coupled to the first decoder and to the tinmer,
the sebh® Prefstsparedsomipansé$12bl e to generate a refresh command and the
first and second refresh signals responsive to the predeterm ned refresh
signal, the second decoder further being operable to termnate the refresh
command and the #Drst Thediyae@itndeh raesdss sl Sf ckapo3eiviiereinotht efreshef r esh
term nate signal. 43. The dynam ¢ random access nenory of claim 42 wherein
the pdeehsieesnivriber erarehde ko enablrathe dsedstarmiinedgomponents of thes¢yngmimeandemd t he

|r:o(ca:f|'/r Eggﬁcfegg%%ggory i r}gs&)brslgestoagetgc'ﬁ[ngar &Lﬁsﬁ%o% 5P {Hg%r}gdeté/llglir?e Qo%%ﬁgr?d signal

from the first state to a second state.

42, The dynamic random access memory of claim 28 wherein the refresh
decoder comprises:

a first decoder operable to decode the at least one internal command indicative
of arefresh of the DRAM and to generate a predetermined refresh signal responsive thereto;

a timer coupled to the first decoder, the timer being triggered by the
predetermined refresh signal and generating a refresh terminate signal a predetermined period
after the predetermined refresh signal; and

a second decoder coupled to the first decoder and to the timer, the second
decoder being operable to generate a refresh command and the first and second refresh signals
responsive to the predetermined refresh signal, the second decoder further being operable to
terminate the refresh command and the first and second refresh signals responsive to the

refresh terminate signal.

43.  The dynamic random access memory of claim 42 wherein the
predetermined refresh signal comprises an auto-refresh signal and the refresh command

comprises an auto-refresh command.



25 44. A dynam c random access nenory ("DRAM'), conprising: a row address
circuit operable to receive and decode row address signals applied to an
external Wwerosimaad3s a col unm address circuit operable to reawai/vse2asd’decode
colum address signals applied to an external termnal; an array of
dynam ¢ random access nenory cells operable to store data witten to or
read fromthe array at a |location detggm ned by the decoded row address
signals and the decoded colum address signhals; a data path circuit
operable to couple data signals corresponding to the data between the

array and an external Jdata t.erm,nal: -‘th’sz hrough which an
external cl ock s?” hal 4@%&%&0%0&0%5?1%?%0&'(% in rcr?apﬂtg"r]‘ll ck signal; a
command si gnal gengiatadredPeieit epéableeratioec andedsesds eow addms rsidnabi gnal s

correspondi ng to command signals applied to respective external termnals
and coapplesd totahextsoygh tamfinalist set of input buffers to generate respective

i nt | d si gnal he i.nput buyffers in the.fi t bej
i sabl od by a 1 AtoEr MAeS; GRAT oRgieble Ghrfbeive iRl 3Fhnr “Oter e

i ncl udighg,R BHRSKI ©lahSHidmAREHARS 1o bias at |east one internal command
signal Tesponsive to a second refresh signal a refresh decoder operable to

decode at | east an amayof dgfanss randommness anandry cellnoper i etomtora dafa-wrttanes h
cycl e responsive thereto, the refresh decoder, being furiher operab to
det ect @ Rersaddipse the\asrayiahp decagien fi?t@g{lmsiﬁy ﬂ@&?ﬁeé%rfewdtérw alg GG

Si gn%@vgﬁgcgwﬁ&esgg%ﬁg@r bei ng operable to: performa self-refresh of
t he e

I'n response to codi ng an auto- refresh conmand and detecting a

first state of theddta path ¢gifctéiaiperabiaedcampiordatd signglsadorrespuhdingf forthe dataat e of
t he second predeterm ned command signal; .performan auto-refresh of the
DRAM i fpetveash drpsaraysndsesatanep! dataderodal ef r esh conmand and a det ecti ng

second state of oLk by BAREUELILISHG Tl 03! oA R Ll &2 e

of the second pread% et fined’ cotman
generate an internal clock signal;

a command signal generator operable to generate a sequence of control signals
corresponding to command signals applied to respective external terminals and coupled
thorough a first set of input buffers to generate respective internal command signals, the input
buffer;s in the first set being disabled by a first refresh signal, the command signal generator
further including a bias circuit operable to bias at least one internal command signal
responsive to a second refresh signal

a refresh decoder operable to decode at least an auto-refresh command and to
initiate an auto-refresh cycle responsive thereto, the refresh decoder being further operable to
detect the respective states of first and second predetermined command signals, the refresh
decoder being operable to:

perform a self-refresh of the DRAM in response to decoding an auto-
refresh command and detecting a first state of the first predetermined command signal
and a first state of the second predetermined command signal;

perform an auto-refresh of the DRAM in response to decoding an auto-
refresh command and a detecting second state of the first predetermined command
signal and a first state of the second predetermined command signal,;

perform an auto-refresh of the DRAM and generate the first and second

refresh signals in response to decoding an auto-refresh command and detecting a first



performan auto-refresh of the DRAM and generate the first and second
refresh signals in response to decodi ng an auto-refresh command and

det ect i ngwa d3iBs35 WO 03/ 034435 PCT/ US02/ 33147 26 st at e ofpdimesokissar

predet ermi ned conmand signal and a second state of the second

predet erm ned conmand signal; and performan auto-refresh of the DRAM
generate the first and second refrespgsignals, and di sabl e conponents of
the DRAM ot her than the first set of input buffers at the conclusion of an
auto-refresh cycle in response to decoding an auto- refresh command and

detecting a seco st.ate of the first predetermned_c J nd a

second st at éFa%f ofﬂbe @E&é’ﬁ%&eﬁ?@&}é@eﬁwlﬁ%&fgél&ﬁ@a?{&‘ %isa%ogﬁmqﬁ%g.o%g%gyor@m c

random acce dbmslaadNhd: wherein the clock input buffer is
PredeRIR \ohdl,

disabled by a third refresh signal, and wherein the refresh decoder is
further operable to gerfematse aubeerdftesh of ted PRSMs goreaibte dhe higst wind (seeansl i r st

and second refresh sjgnals. .46. The dynanjc om acces r f claim
44 wherein fHES is?’gglﬁis’ f)?deé‘é?@? ﬁ?rﬁgﬂle?%gﬁgﬂw PWI Og%?%ganc%gﬁg%ﬁg 10PY gnal
47. The dynafiis'ANAOWAALESS of 3 Hako-Riroltl BT 4 rABBARI © ARBABELANElto-

predeterm ned signal conprises a data mask Signal. 48. The dynam c random

access nenpryfresh chahmdddndiaeaing 4 beconéfstats lof titke firstl redetermped adohendml
termnate the first and second refresh signals at the conclusion of the
aut o- r ef r esifignl ande serpng stafe of theecanderedlarmipgdsenind $&#lcommand si gnal
and the second state of the second predeterm ned command signal were
detected, the refresh decoder being further operable to continue

generating the figsst amg %QWMrmbmeadae@i @embsy af clalig 4dowhtreii e cdbckt he
auto-refresh if the second state of the first predeterm ned conmand si gnal

and t hénpwbyifer issdisabdedby £ Hbird seftash signeliend ryhicirinl thoratigpl dssadeiis fgher
detected, 49.. Th ' d | ai m A8 eip th
ot r esiretRngraretosohinratel SRt ARt RN o ol SRR ccong

refresh signals at the conclusion of the auto-refresh as |long as the
second predeterm ned command signal is naintained in the second state.
46.  The dynamic random access memory of claim 44 wherein the first

predetermined signal comprises a clock enable signal.

47.  The dynamic random access memory of claim 44 wherein the second

pre'determined signal comprises a data mask signal.

48.  The dynamic random access memory of claim 44 wherein the refresh
decoder is operable to terminate the first and second refresh signals at the conclusion of the
auto-refresh if the first state of the first predetermined command signal and the second state
of the second predetermined command signal were detected, the refresh decoder being further
operable to continue generating the first and second refresh signals at the conclusion of the
auto-refresh if the second state of the first predetermined command signal and the second

state of the second predetermined command signal were detected.

49.  The dynamic random access memory of claim 48 wherein the refresh
decoder is operable to continue generating the first and second refresh signals at the
conclusion of the auto-refresh as long as the second predetermined command signal is

maintained in the second state.



WD 03/ 034435 PCT/ US02/ 33147 27 50. The dynam c random access menory of
claim48 wherein the refresh decoder is operable to termnate the first
and secondo®imesh signals at the conclusion of the auto-r@Efuseshsiay
detecting a predetermned transition of the internal clock signal, and to
termnate the first and second refresh signals responsive to detecting the
predetermned transition of the clock7signal. 51. The dynam c random
access nmenory of claim44 wherein the bias circuit is operable to bias a
plurality of internal command signals to generate a no operation nenory

command. 52. The nang raggo S r Y i

refresh decoder ég%rrpﬂ?}geg(sl. fal ir%??ﬁﬁcg%?ﬂe%g@{c%ﬁg igéﬁ‘é%ggeg%m%%etﬁ% | east
one i nt&cH@dr i€ opErabId tb Acthfindtt ik ikt aid 5Rbhe séTraah sighels[IRMM esidlusiongsmBbs at e a
predeterm ned refresh signal responsive thereto; a tinmer coupled to the

first cedowdeshttyedeteeting bairadsterniingie trensitign ofidhe priemel stagknsgnal.efrd i
signal ,and generatin refresh term nate signal,k6 a predetermn eriod

o Cor (HETBABGUE QST Aud SFEMAEEHISE GHRIRE RO Celth ARFeGUtED s PEGUBIEATo « he
first degRARh 7R dIGcK figndii mer, the second decoder being operable to
generate a refresh command and the first and second refresh signals
responsive to the predeterm ned refresh signal, the second decoder further

bei ng operable to_  termingte the refresh command and the first and second
Lhe) d nd

refresh signals r¥sponSis 8yRanicHandorefacessh TRy elaip gaivhersin thepbias
dynami c.; : : j i B bi ' Leats

conpr | SAlBRAPShAZGENS IR ety 6 AUAALHIRER Sl ol ABraiCh B Wbfrafon, | |
t he fi risemsstconithamugh whi ch the at | east one internal command signal is
coupl ed 54. A conputer system conprising: a processor having a processor
bus; WO 03/034435 PCT/ US02/ 33147 28

52.  The dynamic random access memory of claim 44 wherein the refresh

decoder comprises:

a first decoder operable to decode the at least one internal command indicative
of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto;

a timer coupled to the first decoder, the timer being triggered by the
predetermined refresh signal and generating a refresh terminate signal a predetermined period
after the predetermined refresh signal; and

a second decoder coupled to the first decoder and to the timer, the second
decoder being operable to generate a refresh command and the first and second refresh signals
responsive to the predetermined refresh signal, the second decoder further being operable to
terminate the refresh command and the first and second refresh signals responsive to the

refresh terminate signal.

53.  The dynamic random access memory of claim 44 wherein the bias
circuit comprises a transistor coupled to an output terminal of an input buffer in the first set

through which the at least one internal command signal is coupled

54. A computer system, comprising:

a processor having a processor bus;



an input device coupled to the processor through the processor bus adapted
to allow data to be entered into the conputer system an output device
coupl ed twadsespecessor through the processor bus adapt ecadrmusoaBBsaw dat a
to be output fromthe conputer system a nenory controller generating a row
address having a plurality of row address bits followed by a colum
address having a plurality of colum &gdress bits, the nenory controller
generating an array select signal prior to generating the plurality of
colum address bits, the array select signal corresponding to a col umm

dd bit and hayj i 1 £ :
meor y devi co. cou) St SRREEorBled b e pSL AL o IRE LA adBBa o

conpr i sillogv déta tobe aflelee ifto tia comipute@Redtah] e to receive and decoder row
address signals applied to an external terminal; a columm address circuit

operabl e to recei#coupy dexicsgerplediaiia prasgssor doughdhe pepcegspt buschdepted fo
extern ) X ray, of dynam ¢ _random access nenory cells operable
ailloéﬁ{i%ﬁ Po\;a\’r}e: ?Lﬁg%taifom Yne Comé%llg rs&sf%

to store 0 or te The array at a |l ocation determ ned

by the decoded rowméHssSssont®ilgh abseraith bhewdas@dad heahy i padaitgsst sdvanal s;
a data path circuit operable to couple data signals corresponding to the

dat a beaddeess bitsefoewed baral celnmaxadslresal hagiongaa pbwratityalf; colurow ardmss bitgribé
generator operable to generate a s ence of control. signals correspondi ng
Do ComarmoB e ergspPeBaE b S i FRRR s o Binefing e Braincet coBiBH oq

t hor ougldgest bit$!thS SlraPeldd? Righalli¥hleSS Rl 1§ ANBIAE 2 d BSRHFH dntihal Mol

conmmand sisgnal S, th%spienputfé%ﬁffergﬁi nn'(t%he first eslet é%ﬁ%ﬁg}ag%%@@b@ a
first riafstdst oshgemingd staw andonmand si gnal generator further including a
bias circuit operable to hias at | east one internal conmmuand signal .
responsive to a seARRCYefFach ceiriehito thednemeryr sillge chacnemper dpYiee t o
decode &Enr#r% . one internal command indicative of a refresh of the DRAM
and causing tite DRAMto be refreshed responsive thereto, the refresh
decoder generating thea frowsiddasss cieGidrspefadls s hecsiv@nalds decoder row address

signals applied to an external terminal;

a column address circuit operable to receive and decoder column
address signals applied to an external terminal;

an array of dynamic random access memory cells operable to store data
written to or read from the array at a location determined by the decoded row address
signals and the decoded column address signals;

a data path circuit operable to couple data signals corresponding to the
data between the array and an external data terminal;

a command signal generator operable to generaté a sequence of control
signals corresponding to command signals applied to respective external terminals and
coupled thorough a first set of input buffers to generate respective internal command
signals, the input buffers in the first set being disabled by a first refresh signal, the
command signal generator further including a bias circuit operable to bias at least one
internal command signal responsive to a second refresh signal; and

a refresh decoder operable to decode at least one internal command
indicative of a refresh of the DRAM and causing the DRAM to be refreshed

responsive thereto, the refresh decoder generating the first and second refresh signals

during the refresh of the DRAM.



during the refresh of the DRAM WO 03/034435 PCT/ US02/ 33147 29 55. The
conputer system of claim54 wherein the first and second refresh signals
conpri se wo @usessef resh signal. 56. The conputer system dfcersaessEs
wherein the refresh decoder is further operable to renoving the bias from
t he command signals and enabling the input buffers in the first set at the
conclusion of the auto-refresh cycle.267. The conputer system of claim 54,
further conprising a clock input buffer through which an external clock
signal may be applied to generate an internal clock signal, the clock

nput buffer being di sABl eg b a LSS0 £8RrSEANAL 6rANMha AGA! Brble

refresh controlI"ét is pé’ enerate refresh signal during

t he refsgggﬁg cg{npﬁlg@alpg{ﬁmreﬁgsh sigigl.conput er system of claim54, further
conprising a clock input buffer through which an external clock signal may

be applied to generate an internal clock signal, and wherein the refresh
controller is operable to termnate the first .and second.refresh .signals
responsive to a éﬁedeﬁwrﬁoﬁ@&tegfﬁﬁgpﬁ BHIIBfSEWI‘?%?E@rYﬁ_@?S cf%fi"(’: g Slfti’fﬁ% . 59.
The compt-6le ﬁ*ﬁﬁ@ﬁhg&h%iﬁé RotndB&hfaR] §iBgald hﬁéer?db[iﬁ%tﬂe iGPTIHuFRASn dhe
transi stor coupled to an output termnal oOf an input buffer in the first
set t hrfasigiet sitthe borfchsiat of theago-refiashicptler nal command signal is coupl ed. 60.

The conputer system of claim54 wherein the refresh decoder is further
operable to detect the state of a predeterm ned command signal, and, in

response to detecd+ ng i G }ﬁﬁﬁ%- gqﬁﬂ%, ignal ,
to continue bi asi%tr?g t h%&cédn@&gsé%eﬁéﬁ% cgaﬁrg %’?ggﬁ%\gg t enlg%cw)put u g\?s in
t he fi naiffes iroa¢h Whkthcanettembbelotk sichsl @y be applicdsio gyelate abinterhfileclockput er
system of claim54 wherein the refresh decoder conprises: a first decoder

oper ablségnab thieeloele inpr buffen heing disrided it @i reevimugiteli andivdereiy éhe sgfiegh
f h he  DRA d t t t i ;
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58.  The computer system of claim 54, further comprising a clock input
buffer through which an external clock signal may be applied to generate an internal clock
signal, and wherein the refresh controller is operable to terminate the first and second refresh

signals responsive to a predetermined transition of the internal clock signal.

59. The computer system of claim 54 wherein the bias circuit comprises a
transistor coupled to an output terminal of an input buffer in the first set through which the at

least one internal command signal is coupled.

60. The computer system of claim 54 wherein the refresh decoder is further
operable to detect the state of a predetermined command signal, and, in response to detecting
a first state of the predetermined command signal, to continue biasing the command signal

and disabling the input buffers in the first set at the conclusion of the auto-refresh cycle.

61. The computer system of claim 54 wherein the refresh decoder
comprises:
a first decoder operable to decode the at least one internal command indicative

of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto;



a timer coupled to the first decoder, the tinmer being triggered by the
predeterm ned refresh signal and generating a refresh term nate signal a

pr edet er nivoed/openssod after the predeterm ned refresh sigraT/usaad3@7second
decoder coupled to the first decoder and to the tinmer, the second decoder
bei ng operable to generate a refresh command and the first and second
refresh signals responsive to the prgdeterm ned refresh signal, the second
decoder further being operable to termnate the refresh comand and the
first and second refresh signals responsive to the refresh term nate

LTS 2 e SOl S0 SRSk Sl P,

refresh signal cornprises an nal an

CO”Dri%@&w&mnﬁuHQeﬁeﬁfﬁgﬁdaﬁ@%ﬂ&ﬂﬂmgﬁﬁﬁﬁéﬂp@ﬁnMMQ&u@&Bapﬂﬁe&ﬁﬂh&ﬂ@hmgi a
processor having a processor bus; an input device coupled to the processor
t hr ouglafiehéepr edyeSedicdagnabando allow data to be entered into the

conputer systen an output devic upl ed to,the prqcessor.thrqug
processor bus adaf‘pfe@an(ﬁ GC%FF&W@S‘?EO?%G gléSto(l?F%(fff 91“30% Fletlr%%’rr%%t%rc&}gstem
a Mendrdéesdin Béi‘ﬁHogEragﬁzgg loRbdrNg adefr@l REEHAISNAAN At Snddedbil fefstDdichaw

address bits fol'l owed by "a col um address having a plurality of colum
addr esgedponsiye ththe predwerynivahtefivkl signgetiersstomigdesnderrfurthersheingepasitje &0

prior to generatin he plurali of. col ymm ddr.ess bits, the .array, sel ect
si gnal ‘EEHPYS ﬁﬁﬁ&?ﬁ% t@r@néfeﬂa GIPFL)(%&FS&% W?O@n’é?ffﬁ i%&a%ifFWé’Ps%{e t9ithet
state ; and a nenory device coupled to the nenory

cont roIqF%?s,hS[?]}%lgngrtgﬁgﬁlgﬁdevi ce conprising: a row address circuit operable
to receive and decoder row address signals applied to an external
termnal; a colum address circuit operable to receive and decoder col um
address signal s dPpl i ekhe eomaprtessysienn P ckuimi Hawhergy therygdetggpuned refresh

PCT/ USOs%én%ig %élr%prises an auto-refresh signal and the refresh command comprises an auto-refresh

command.

63. A computer system, comprising:

a processor having a processor bus;

an input device coupled to the processor through the processor bus adapted to
allow data to be entered into the computer system;

an output device coupled to the processor through the processor bus adapted to
allow data to be output from the computer system;

a memory controller generating a row address having a plurality of row
address bits followed by a column address having a plurality of column address bits, the
memory controller generating an array select signal prior to generating the plurality of column
address bits, the array select signal corresponding to a column address bit and having either a
first state or a second state; and

a memory device coupled to the memory controller, the memory device
comprising:

a row address circuit operable to receive and decoder row address
signals applied to an external terminal;
a column address circuit operable to receive and decoder column

address signals applied to an external terminal;



31 an array of dynam c random access nenory cells operable to store data
witten to or read fromthe array at a |ocation determ ned by the decoded
row addr es® 03g3g3al s and t he decoded col umm address si ghaleGT/esodasta’ pat h
circuit operable to couple data signals corresponding to the data between
the array and an external data termnal; a clock input buffer through which
an external clock signal is coupled 80 generate an internal clock signal

a command signal generator operable to generate a sequence of control
signals corresponding to command signals applied to respective external

termnais and coupl ed okttt rafc{oﬁéceefmé@&gﬁceﬁy&lﬁem tPsBRNBEAL ©
respectr ve internal conma gnal s e 1 nput uffers n tﬁe ?I rst set
bei ng di Sab'vﬁﬁittéilytofbrfréz{cﬁfrom&hé ey &i gRedtiont derntesdmnitie degriel rgendd@sor

further including a bias circuit operable to bias at |east one internal
comand si gmwnalse@ééh%ﬂﬁﬂed@cbcﬁu%@é@fés&mh signal ; and a refresh decoder

operabl e to decode at n.auto-re sh ole]

auto-refresh cycle resap %P@t Cllrﬁ}:l\‘&@?%r {’]leﬁgc?‘@r?gatﬁsd%lc%c@h% eo:ﬁrdrfélgq{)

oper abl e to felRGhediBe bREPEED V& tShal @ @fmfnbr, st and second predet erm ned
command signals, the refresh decoder being operable to: performa
self-refresh of the DFMNbclmnpesbmﬁﬁ@ethIO@ghle@m ayextarnabelvek sighalds houpdedrand

and detecti n a first statﬁ the first predeterm ned conmand signal and
a first stat'® egrerpinandueniz Clﬁﬁ’l% 4 i ned conmand signal ; perform an

auto-refresh of the D?PM iy Rof 6ERMIB Y o@itrAbh QeqRhESSeonaBRNd
and a detecting secon trfélf[ﬂg o%gl?ﬂgg?%rr gt ﬁpredet% mrned (e: nmmand si gnal and
a first st atsigmis dohesmﬁxdﬁrgiombmmndrsrgnaledppmmmesm@rmltemqieeﬁmnm amd
auto-refresh of the DRAM and generate the first and second refresh é{gnals

i n response ¥Pkddapugh arﬁr%m@boﬁ@pwe@rf ED InEENGT G EPSPRFEY e dRtPRgl compmp
state of the tlélaisskhe"{ng)ﬂ%&ffgls'}ﬁ aﬁfﬁﬂggtgbaﬁgﬁf%hb@&‘%yaa ARE 00fksh $RLE o the

second prede
command signal generator further including a bias circuit operable to bias at least one

internal command signal responsive to a second refresh signal; and
a refresh decoder operable to decode at least an auto-refresh command
and to initiate an auto-refresh cycle responsive thereto, the refresh decoder being
further operable to detect the respective states of first and second predetermined
command signals, the refresh decoder being operable to:
perform a self-refresh of the DRAM in response to decoding an
auto-refresh command and detecting a first state of the first predetermined
command signal and a first state of the second predetermined command signal,
perform an auto-refresh of the DRAM in response to decoding
an auto-refresh command and a detecting second state of the first
predetermined command signal and a first state of the second predetermined
cornmend signal,
perform an auto-refresh of the DRAM and generate the first and
second refresh signals in response to decoding an auto-refresh command and
detecting a first state of the first predetermined command signal and a second
state of the second predetermined command signal; and
perform an auto-refresh of the DRAM, generate the first and
second refresh signals, and disable components of the DRAM other than the



performan auto-refresh of the DRAM generate the first and second refresh
signals, and di sabl e conponents of the DRAM ot her than the WD 03/034435
PCT/ US02/ @@esm34432 first set of input buffers at the conclrcaigsv2e$i4an
auto-refresh cycle in response to decoding an auto-refresh command and
detecting a second state of the first predeterm ned command signal and a
second state of the second predeterngped conmand signal. 64. The conputer
system of claim63 wherein the clock input buffer is disabled by a third
refresh signal, and wherein the refresh decoder is further operable to

te the thi f h_ si | e i d : h
gener e Lo 4t AEbERP LR PO ERSRALT: S Wdhg g pEoAIisls oo

predetermned siigridbodifd'Bh hsBTeRedh QBmATTAdIIIctcHAR . sebdhd stie of drepfisser
system of claim63 wherein the second predeterm ned signal conprises a

dat a mask si gnal .predeteriieede ovnpamend ssignadmasd @ e sigfer @ nthenesee@td esh
decoder is operabl(ﬁ_}éto.t%fm nate the.first and second refresh signals at

the concl usi on ofPEqRierginest omPadsiend- (e first state of the first

predet er mi ned conmand signal and the second state of the second
predet erm ned command signal were detected, the refresh decoder being
further operable 64 Ccbhrt computge systen ofigldimetF wheteimmhe slock nput diuffes bs

signal s_at . the conclusion of the auto-refresh i t he second state. of the
1ot A enfGa dofatin A Saflg B VRGP HES SUEh Qo600 oS SR PreEeln(p

det ' : g t f
01 i m ot TS| A o B ke g o] e Yener a1 ng

the first and second refresh signals at the conclusion of the auto-refresh
as long as the second predeterm ned command signal is maintained in the
second state. 6%5 Thelkonpupeier sysemneloslagn H3mwbrreihdheifiist predstemnpach
decoder_. Salc&H&fi Qla%lgcﬁe%lgﬁl%%%&a the first and second refresh signals at

the concdiisionP ot e ad &sh WO 03/ 034435 PCT/ US02/ 33147

66. The computer system of claim 63 wherein the second predetermined

signal comprises a data mask signal.

67. The computer system of claim 63 wherein the refresh decoder is
operable to terminate the first and second refresh signals at the conclusion of the auto-refresh
if the first state of the first predetermined command signal and the second state of the second
predetermined command signal were detected, the refresh decoder being further operable to
continue generating the first and second refresh signals at the conclusion of the auto-refresh if
the second state of the first predetermined command signal and the second state of the second

predetermined command signal were detected.

68.  The computer system of claim 63 wherein the refresh decoder is
operable to continue generating the first and second refresh signals at the conclusion of the
auto-refresh as long as the second predetermined command signal is maintained in the second

state.

69.  The computer system of claim 67 wherein the refresh decoder is

operable to terminate the first and second refresh signals at the conclusion of the auto-refresh



33 by detecting a predetermned transition of the internal clock signal,
and to termnate the first and second refresh signals responsive to

det ect i ngwohs/opsedet ermi ned transition of the clock signaCcT/Us2/33tae
conput er system of claim®63 wherein the bias circuit is operable to bias a
plurality of internal command signals to generate a no operation nenory
command. 71. The conputer system of ci3ai m 63 wherein the refresh decoder
conprises: a first decoder operable to decode the at |east one internal
comand indicative of a refresh of the DRAM and to generate a

pr edet ned refr he
First Baseme ¢ haptnlidg Bentapr BEBleH g P L ek R iefof 4P L, BRI, Pk

si gnal alﬁI‘S'ecﬁﬁﬂ' esfddsh NGerals REfdsive tté rdﬁieﬁtaﬁgStlﬁl Ige@dtermmcbﬁats&rdm ofettle pirckod
after the predeterm ned refresh signal; and a second decoder coupled to the
first elgndder and to the timer, the second decoder being operable to
generate a refresh command and the first and second refresh signals
responsive to the predeternmined refresh signal, the second decoder further
bei ng operable tgg termi:n ?ut%h?ysfe%{ Bﬁﬁﬂlﬁmgﬁnﬁﬂh@ bideirbhit Htopapdlestecond
refresh signals responsive to the refresh termnate signal. 7 The
conput bias sypdurelityaif imkmihedBmatibsignals torgeneriates: g ¢pﬂmttondn¢tp®ny§emr@and

transi stor coupled to an output termnal of an input buffer in the first
set through which the at |east one internal command signal is coupled 73.
n et hod of perf aim Nen8Ncatibel ALEAN of  cifinf A HiferdifiNEHE ARG Sdecol@MON Y
having a first set of 1 nput ?fe hrough which command signals are
coupl edompHsees: met hod conprising: disabling the input buffers in the first
set during the performance of the auto- refresh cycle WO 03/ 034435,

PCT/ US02/ 33147  341rHfi despqdey opengblgria ﬂP%%deélfie #drash AR GigRalicommgand dudipgtivg
pr edet oF Epré}?e(gh TPHRTDRAM and to generate a predetermined refresh signal responsive thereto;

a timer coupled to the first decoder, the timer being triggered by the
predetermined refresh signal and generating a refresh terminate signal a predetermined period
after the predetermined refresh signal; and

a second decoder coupled to the first decoder and to the timer, the second
decoder being operable to generate a refresh command and the first and second refresh signals
responsive to the predetermined refresh signal, the second decoder further being operable to
terminate the refresh command and the first and second refresh signals responsive to the

refresh terminate signal.

72.  The computer system of claim 63 wherein the bias circuit comprises a
transistor coupled to an output terminal of an input buffer in the first set through which the at

least one internal command signal is coupled

73. A method of performing an auto-refresh of a dynamic random access
memory having a first set of input buffers through which command signals are coupled, the
method comprising:

disabling the input buffers in the first set during the performance of the auto-

refresh cycle;



command during the auto-refresh cycle; at the conclusion of the
auto-refresh cycle, renoving the bias fromthe conmand signals and

enabl i ng Wuoeosioapss buffers in the first set. 74. The net hatTofSoe3zi4m 73
wherei n' the dynam ¢ random access nenory conprises a synchronous dynanic
random access nenory that operates in synchronismwth a clock signal
applied to the dynam ¢ random access pgnory through a clock input buffer.
75. The nmethod of claim 74, further conprising disabling the clock input
buffer during at |east a portion of the auto-refresh cycle and re-enabling
t he cl ock input RQuffer t & ncl usi.o to-r h GY. 6.
The net hod of cl gjll?ﬁmi% avﬂgrratg?yﬁ Of %8%5%%%%@?%%%@?%%&[ %é’ r%fegeg&lo e(at ﬁ%ﬁm onmmand
si gnal sopithnanRiBhb Bt dherémRntydetf fers in the first set conprises:
exam ni ng the clock signal coupled through the clock input buffer;
detecting a predet etheri epadlusioansef ttl'ileolau@f-relg‘rﬁﬁl chdek remeiag ;thetdasr &y ithy t he
bias fromthe co ngd si,ghal.s and blin he i nput buffers in the first
set rescﬁﬂmarl@e?l%nga gB‘Eﬂ%H’& tge W&H@?@?ﬁ%@ahpﬁéﬁ%i tion of the clock signal.
77. The nethod of claim 76 wherein the act of renmoving the bias fromthe
command signals and enabling the input buffers in the first set responsive
to detecting a pHedetBremathdd tof alesmt73owherbintthe dyhagik rendpmahcdesy mkmmory
conprises waiting predeterm ned duration after detectin he . .

or cdlet EOMPHEE § PAIEIAPEH CYRmHE AEer F5°%5 Iagm?lfy&ﬁﬂ%raémga&r%m&w@ and

enabl e t i j i t lLhalegn. 77

wher ei n ({f %J %@fﬁ gﬁﬂ Iewféi?%” %}égd}gg%?ce%géﬁ%é%%méﬁlﬁ F%-t I % a%k?gcrkqhgtﬂéﬂf ji%}n'g t he
predeterm ned transition conprises waiting for one-half the period of the
clock signal after detecting the predeterm ned transition. WO Q3/034435
PCT/ US02/ 33147 3B- 79. Thmmethed ipb ¢labm ¢, dnther rowmeiswigflisahling dhe Jockuaiptt ng a
predet gf g p 8&11im dé{rlgés't ggoﬁfogleorf (Slq eegu%g-tréife%h tcpﬁe ?fuf ﬂegérﬁl%m]g 88 SRRk baFer
conprises waltinhg Tor secon ransition’ o e cl ock signal having a

pol ar i tay thdwdinchusiot iof fIRS ®d-rdffegitydie pol arity of the predeterm ned
transition.

76.  The method of claim 75 wherein the act of removing the bias of the
command signals and enabling the input buffers in the first set comprises:

examining the clock signal coupled through the clock input buffer;

detecting a predetermined transition of the clock signal; and

removing the bias from the command signals and enabling the input buffers in

the first set responsive to detecting a predetermined transition of the clock signal.

77.  The method of claim 76 whe;ein the act of removing the bias from the
command signals and enabling the input buffers in the first set responsive to detecting a
predetermined transition of the clock signal further comprises waiting a predetermined
duration after detecting the predetermined transition to remove the bias from the command

signals and enable the input buffers in the first set.

78.  The method of claim 77 wherein the act of waiting a predetermined
duration after detecting the predetermined transition comprises waiting for one-half the period

of the clock signal after detecting the predetermined transition.



80. The nethod of claim 79 wherein the predetermned transition conprises
a rising edge of the clock signal applied to the clock input buffer, and

t he secon?o @yramssti on conprises a falling edge of the cl ada/gdognails7 appl i ed
to the clock input buffer. 81. The nmethod of claim 73 wherein the act of
biasing a plurality of comuand signals to assert a predeterm ned nmenory
command during the auto-refresh cycl e35conprises biasing a plurality of
command signals to assert a no operation nenory comrand during the
auto-refresh cycle. 82. The nmethod of claim 73, further conprising:
detecting the statg of 1 ot et det J ki r St
state of the conn%%d ng%a , cogﬁg%%gﬁz‘?%Qgﬁgggggigi%%ﬁ%%ﬂ%ﬁgﬁgﬁgﬁgégnd

di sabl ediitagor sfpttdeteofifi@tie pradetdimidadrtsmsition camptifes wathed fos aaeconf] ttahsition
auto-refresh cycle; and in response to detecting a transition of the
comandokihgredecks sigml haeing jarpalary dhat is titffeéergée%%lesﬁ%l%ty Hdhopredgicrpiged as
fron1th§ %quand signals and enabling the input buffers in the first set.
83. The"HBIT8d of claim 82, further conprising: in response to detecting a
first state of the conmand signal, disabling predeterm ned conponents of
the dynam ¢ random access nenory at the conclusion of the auto-refresh
cycle; and in responseThe wethedt phgclain r &hswherein dfe tiedetesminadd tengiian from

of t he CYABIACE ST dBScoHE peny Rprb BT s Aok RS CiEB 5 155 WRSAdE,
The et hockiadn &gggaﬂ&iéfm &idR o B d¥daNdfal BRRAT AReCESE iNRI®aYfer. f Ur t her

i ncl udes a sec set of Input buffers through which address signals are
coupl ed, and wherein the nmethod further conprises: disabling the input

buffers in the second set duri th rformance of the . guto-refresh
cycle; and 81.  The met 0({I gof claeimp% Wherlream t%e act o blas(?}ng a plurality of

command signals to assert a predetermined memory command during the auto-refresh cycle

comprises biasing a plurality of command signals to assert a no operation memory command

during the auto-refresh cycle.

82.  The method of claim 73, further comprising:

detecting the state of a command signal,

in response to detecting a first state of the command signal, continuing to bias
the command signals and disable the input buffers in the first set at the conclusion of the
auto-refresh cycle; and ‘

in response to detecting a transition of the command signal from the first state
to a second state, removing the bias from the command signals and enabling the input buffers

in the first set.

83.  The method of claim 82, further comprising:

in response to detecting a first state of the command signal, disabling
predetermined components of the dynamic random access memory at the conclusion of the
auto-refresh cycle; and

in response to detecting a transition of the command signal from the first state
to a second state, enabling the predetermined components of the dynamic random access

memory.



at the conclusion of the auto-refresh cycle, enabling the input buffers in
the second set. 85. A nethod of reducing power consunption in a dynamc
random ace®ss/03ma0ry ("DRAM') having a first set of inputpdiuiSoensi4r hr ough
whi ch command signals are coupled, the nethod conprising: detecting each
of a plurality of nmenory commands, including an auto-refresh command;
detecting the state of a first predete¥ér ned command signal; in response to
detecting an auto-refresh command and a first state of the first

pr edet er mi ned conmand signal, perform ng an auto-refresh of the DRAM and,

at the conclusiogyof e aulfr §EGLGSH w@l‘éfeggﬁtei GbinYc fa'hﬁ&ﬁia%&?%g%h €

DRAM to an active nobde; and 1 n response to cting an auto-re
commandfiatidr inchelepadesindtset of inphichuffery Siroyghedetie nddrescigaisaa dospled and
perform ng an_auto-refresh of the DRAM and, at the conclusion of the
aut o- r e thg macihas furthen GPMIFEASI ti oning the DRAM to a | ow power

G gnal compr  ses 5t B RER, Slgs B MO 0ERE RubilCut et Thr ol

t he DRAMiteaBREshSS6leparyNChr onous  dynani ¢ random access nenory that
operates in synchronismwith a clock signal applied to the DRAMthrough a
cl ock i nput buffemnhwmammuagn4&Bh@@mbusgzﬂeam engylinggthe Thput farffersdinothe cl ai m
87, further.cqonprising disabling the clock input buffer during at |east a
portions%?n?ﬁ%'auto-refresh and re-enabling the clock input buffer at the
conclusion of the auto-refresh in the event the first state of the first
predeterm ned conmand signal is detected. 89. The nethod of claim85
wherei n the act oB5.per fAomathng ofiredacing powtr esisumpfion hrea HRAMIc cmdomsaesess

gluf gi)lr Ien gatg%_? ("‘ﬂiQXMWaLi%fgsa hpst tsgteoffilnﬁlfttbusffegs &#cr)dg%gwﬁigﬁ clca)renrn];a%arrs?gnn%?s gr]; the

coupled, the method comprising:

detecting each of a plurality of memory commands, including an auto-refresh
command,

detecting the state of a first predetermined command signal,

in response to detecting an auto-refresh command and a first state of the first
predetermined command signal, performing an auto-refresh of the DRAM and, at the
conclusion of the auto-refresh, automatically transitioning the DRAM to an active mode; and

in response to detecting an auto-refresh command and a second state of the
first predetermined command signal, performing an auto-refresh of the DRAM and, at the

conclusion of the auto-refresh, automatically transitioning the DRAM to a low power

precharge mode.

86.  The method of claim 85 wherein the first predetermined signal

comprises a clock enable signal.

87.  The method of claim 85 wherein the DRAM comprises a synchronous
dynamic random access memory that operates in synchronism with a clock signal applied to

the DRAM through a clock input buffer.



90. The nethod of claim89, wherein the act of perform ng an auto-refresh
of the DRAM further conprises biasing a plurality of conmand signals to
assert a worasdesssn ned nmenory command during the auto-r efr@Ezis0281147 The
met hod of claim90, wherein the act of perform ng an auto-refresh of the
DRAM further conprises renoving the bias fromthe command signals and
enabling the input buffers in the fir3t set at the conclusion of the
auto-refresh cycle. 92. The nethod of claim 91, wherein the DRAM furt her
includes a clock input buffer that receives an external clock signal to
generate an intergal chack,Shainat clad7, MRGELES PSS lsaBlingd RERYIRGnbite
bias fromthe conmand signals and enabling the 1hput- buffers in the first
set conpuffeebiringxat basti aygprtitre of tht entoadefredhornkd reiegeaiding thetleck inpyt buffer at the
predetermned transition_of the internal clock sjignal; and rempving the

bi as f r GHROTEH b Retostegih W thnaver b firsh steteet thp dist Brrdetsrgined copmand; ¢ st
set res ahygtgge etecting a predetermned transition of the internal

cl ock S|8ﬁal. Y3 °Fhe method of claim92 wherein the act of renovi ng the
bias fromthe comuand signals and enabling the input buffers in the first

set responsive to detecting a predeterm ned transition of the internal
clock signal furtf8r cdhpmatked ofsleinh® ¥hapinlrosielperfoniusyprge1afreshss

q X - of g i _ q C ned T
Perove: PhSHSAY BB dahineh S Shrd e iRARCREF PRt SRRl | ,
the firgfe medrefi®é. The method of claim93 wherein the act of waiting a

predeterm ned duration after detecting the predeterm ned transition
conprises waiting for one-half the period of the clock signal after

detecting the predetermned tr i.t.io 5. .The t hod .of .claim 93 rein
the act of waiti ngs‘a p ﬁﬁe&ﬁﬁﬂaln’dg%é{%%‘ﬂn Qﬁ%?oge‘i%%%aﬁ figo-refres

pr edet epiHe DR ARD Sfulth@N CERAPRAESS BRsiB! h 1 SGraliff o7 SHGARMY SRR 1d Wserla e
cl ock signal having a polcar igfly St hatSl\ngs oélgl%ael%nt fromt es%%}%ar(%tyseof at he
pr edet epradetednintd arsidry oomm@atd diiheg thetahioerefitsic] ai m 90 wherein the act of
biasing a plurality of

91.  The method of claim 90, wherein the act of performing an auto-refresh
of the DRAM further comprises removing the bias from the command signals and enabling

the input buffers in the first set at the conclusion of the auto-refresh cycle.

92. The method of claim 91, wherein the DRAM further includes a clock
input buffer that receives an external clock signal to generate an internal clock signal, and
wherein the act of removing the bias from the command signals and enabling the input
buffers in the first set comprises:

examining the internal clock signal;

detecting a predetermined transition of the internal clock signal; and

removing the bias from the command signals and enabling the input buffers in

the first set responsive to detecting a predetermined transition of the internal clock signal.

93.  The method of claim 92 wherein the act of removing the bias from the
command signals and enabling the input buffers in the first set responsive to detecting a

predetermined transition of the internal clock signal further comprises waiting a



command signals to assert a predeterm ned nmenory conmmand during the
auto-refresh conprises biasing a plurality of command signals to assert a
no oper at wano3messsy command during the auto-refresh. 97. pltmeuswesbiad of
claim89 wherein the DRAM further includes a second set of input buffers

t hrough whi ch address signals are coupled, and wherein the nethod further
conprises: disabling the input bufferggin the second set during the
performance of the auto-refresh; and at the concl usion of the
auto-refresh, enabling the input buffers in the second set. 98. The net hod

of claim wherein the act.of .automti.call. It 1 onj DEAM o a
| ow pov@?&%ﬁ&ﬂ%&f@ga 8§ o‘??% Cltlgétsﬂ%dpllseg%?%%e%lri g@e{tl%ﬂr ﬁglnfhee Vggfr?rggnent s of

t he dynagtémhand SivhAs 68S SndPRsmib Ynpl blifTers ¢othelfitsisenn of the auto-refresh. WO
03/ 034435 PCT/ US0Z2/ 33147 39 99. The nethod of claim98, further conprising
enabling the predeterm ned conponents of the dynam c random access nenory
in response to detecti a . transition,of the commnd signal fromt.he
second state to t fiﬁg‘? met eo.tS%@‘g.l Amﬂﬁéﬁ%ﬁcﬁ %@W&’itﬁé apB’iﬁ/g?temmed

COoNS UNDPfyr @by dét)éE‘&ng" B QS AUARITH $randiBHI O AFESE $MitTRBF ¥nd habiRAMediodavi ng
a first set Jgk?nput J?fgrsethroughaaﬂich connandlsignals are c?ﬁpled and
a cl ockofithpdlochbsitharafehdeiegingwhe pledeterhioektrsisgmal. is coupl ed, the nethod
conprising: detecting each of a plurality of nmenory conmands, including an
auto-refresh conmmand; detecting the state of a first predeterm ned command
signal; detecti t he f . ARG SAR@kg N
response to detecting gﬁé %e?%o?ir% ?lgﬁgggvm%ﬁge[gﬁgwa&feﬂ?g@ state o’?H@he
first qirgget SdrideretigOemcictrgiirt tansition tomptises twtittngfor b kecond tansition

predeterm ned conmand signal, _performng a self-refresh of the SDRA
of the clock signal having a polarity that is different from the polarity of the predetermine

transition.

96.  The method of claim 90 wherein the act of biasing a plurality of
command signals to assert a predetermined memory command during the auto-refresh
comprises biasing a plurality of command signals to assert a no operation memory command

during the auto-refresh.

97.  The method of claim 89 wherein the DRAM further includes a second
set of input buffers through which address signals are coupled, and wherein the method
further comprises:

disabling the input buffers in the second set during the performance of the
auto-refresh; and

at the conclusion of the auto-refresh, enabling the input buffers in the second

set.

98.  The method of claim 85 wherein the act of automatically transitioning
the DRAM to a low power precharge mode comprises disabling predetermined components

of the dynamic random access memory at the conclusion of the auto-refresh.



in response to detecting an auto-refresh command and a second state of the
first predeterm ned command signal and a first state of the second

pr edet er nivoed/osesrand signal, perform ng an aut o-refresh rfT/tdve/38BRAM i n
response to detecting an auto-refresh conmand and a first state of the
first predeterm ned command signal and a second state of the second
predeterm ned conmand signal, performhg a | ow power auto-refresh of the
SDRAM the | ow power auto-refresh conprising disabling the input buffers
inthe first set and biasing a plurality of command signals to assert a
predeter mined memyyy CORERMLAN | BY Liin aWs0- FEHES Roffiky AAdblil [ gEPONSE
to detecting an auto-refresh command and a Second state of the Tfirst

pr edet eprdatednmedwamgosingnal tha rshansaandoth stcasemefmotihia regoasdtopdetatéhgiam ned
command _ si gnal erformng. a | ow power auto-refresh of the SDRAM and, at

t he congﬁﬁgp%o f compagg signaldroma dhe Sept BRtREhGedFiFhower prechar ge of
the SDRAM the | ow power precharge conprising disabling conponents of the
SDRAM ot her than the first set of input buffers. WO 03/034435

PCT/ US02/ 33147 4Q00.01 A ffechodedtheduddig pbwermtche@mphier @i # syhdradus @ynamic
performng a | ow power auto-refresh of the SDRAM further conprises

di sabl i ﬁ@l%pme agqest ngmest (BORAN 1 beving aadirstesestof @Pbbbtlfféfﬁ roughewhishy

power 1 h od of, ¢ furth ri.si.n

re- enab | ng aﬁ& St IS %% co-[l uetd %m? 10?5 prﬁlyggé%é IHSF%}hW 011 ﬁe %cLlft gﬁﬁfﬁsesh
in the eyghéd, tﬂlﬂﬂnéﬂhbgboﬁbﬁglﬁ of the first predetenni ned command signal is
detected. 103. The nethod of clai m 100, further conprising: renoving the
bi as fromthe comdaliseting eachlof acpidrabityadi ineigoryheommpnds, ehuidengsar antotréfeeshi r st
set at the conclusion of the |ow power auto-refresh if the first state of
the firSP™3Pddet er mi ned command si gnal and t he second state of the second
pr edet er m ned comg[gﬂg r |ng the bias to

t he command signal s gtﬁmg%hgﬁﬂen%fl%nfgrsto%@éﬁésrgg?% he |np t buffers in the
first set at the deﬂecﬂmg’uheItatﬂ‘oﬁal’n@ccb@@rpdnbﬁmimdammﬂirrd&gnaﬂ,f t he second
state

in response to detecting an auto-refresh command and a first state of the first
predetermined command signal and a first state of the second predetermined command signal,
performing a self-refresh of the SDRAM,;

in response to detecting an auto-refresh command and a second state of the
first predetermined command signal and a first state of the second predetermined command
signal, performing an auto-refresh of the SDRAM;

in response to detecting an auto-refresh command and a first state of the first
predetermined command signal and a second state of the second predetermined command
signal, performing a low power auto-refresh of the SDRAM, the low power auto-refresh
comprising disabling the input buffers in the first set and biasing a plurality of command
signals to assert a predetermined memory command during the auto-refresh cycle; and

in response to detecting an auto-refresh command and a second state of the
first predetermined command signal and a second state of the second predetermined
command signal, performing a low power auto-refresh of the SDRAM and, at the conclusion
of the auto-refresh, performing a low power precharge of the SDRAM, the low power

precharge comprising disabling components of the SDRAM other than the first set of input
buffers.



of the first predeterm ned command signal and the second state of the
second predeterm ned command signal were detected. 104. The net hod of

cl ai m 103waheres43st he act of maintaining the bias of the ranmmad3mrgnal s
and continuing to disable the input buffers in the first set at the
conclusion of the | ow power auto-refresh conprises maintaining the bias of
the command signals and continuing taldi sable the input buffers in the
first set as long as the second predeterm ned comuand signal is naintained
in the second state. 105. The nethod of claim 103 wherein the act of
renovi ng the bias o] ngEg [ [ [ t fers
in the ?irst set é?ftﬂzhggﬁgﬁﬁglonggfh?ﬂgm?%a?ﬁggﬁﬁpkg%?%%pg ?gs ]xﬁﬂﬁ
conpr i sago-refkashiafitigSDRAM Ifacher sompabesatisspliag theholodkginptitiafisr doking apleast
buffer; detecting a predetennined transition of the clock signal; and WO
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plurality of
signal were detected; and

maintaining the bias to the command signals and continuing to disable the
input buffers in the first set at the conclusion of the low power auto-refresh if the second state
of the first predetermined command signal and the second state of the second predetermined

command signal were detected.

104. The method of claim 103 wherein the act of maintaining the bias of the
command signals and continuing to disable the input buffers in the first set at the conclusion
of the low power auto-refresh comprises maintaining the bias of the command signals and
continuing to disable the input buffers in the first set as long as the second predetermined

command signal is maintained in the second state.

105. The method of claim 103 wherein the act of removing the bias from the
command signals and enabling the input buffers in the first set at the conclusion of the low
power auto-refresh comprises:

examining the clock signal coupled through the clock input buffer;

detecting a predetermined transition of the clock signal; and



command signals to assert a predeterm ned nmenory conmmand during the
auto-refresh cycle conprises biasing a plurality of conmand signhals to
assert a wo @pesgsi on nenory command during the auto-ref rreahvswyctar 110.
The net hod of claim 100 wherein the first predeterm ned signal conprises a
cl ock enable signal. 111. The nethod of claim 100 wherein the second
predeterm ned signal conprises a datad4hask signal.

removing the bias from the command signals and enabling the input buffers in

the first set responsive to detecting a predetermined transition of the clock signal.

106. The method of claim 105 wherein the act of removing the bias from the
command signals and enabling the input buffers in the first set responsive to detecting a
predetermined transition of the clock signal further comprises waiting a predetermined
duration after detecting the predetermined transition to remove the bias from the command

signals and enable the input buffers in the first set.

107. The method of claim 106 wherein the act of waiting a predetermined
duration after detecting the predetermined transition comprises waiting for one-half the period

of the clock signal after detecting the predetermined transition.

108.  The method of claim 106 wherein the act of waiting a predetermined
duration after detecting the predetermined transition comprises waiting for a second transition
of the clock signal having a polarity that is different from the polarity of the predetermined

transition.

109. The method of claim 100 wherein the act of biasing a plurality of
command signals to assert a predetermined memory command during the auto-refresh cycle
comprises biasing a plurality of command signals to assert a no operation memory command

during the auto-refresh cycle.

110. The method of claim 100 wherein the first predetermined signal

comprises a clock enable signal.

111. The method of claim 100 wherein the second predetermined signal

comprises a data mask signal.



