1 7 APR 2006 LOW POVNER AUTO REFRESH CI RCUI T AND METHOD FOR DYNAM C RANDOM
ACCESS MEMORI ES TECHNI CAL FI ELD This invention relates to dynam c r1afgmm
access nenories, and, nore particularly, to a circuit and nethod fo 6
reduci ng the power consumed by such nenories when operating in an
auto-refresh node. BACKGROUND OF THE | NVENTI ON The power consumed by
integrated circuits can be a critical factor in their utility in certain
applications. For exanple, the power consunmed by nenory devices used in
portabl e personal conputers greatly affects the length of tine they can be
used. wthout the need to recharge batteries powering such conputers. Power

consunption can al so be i nportant even where mer%rd/ devi ces_are not powered
by bat t er LOW BEWEBAVTORRFBESHCIRGRT AND METHOR FORDYNAMIE! at ed by t he

menory devices. . In genegaggg r C}g%% consunption increases with
both the capacity and th %% m@ﬁﬁ% menory devices. The power

consuned by nenory devices is also affected by their operating node. A

dynam ¢ random access nenory ("DRAM'), for exanple, will generally consune
a rel at IRBOPNICAGEIEIDuUNnt of power when the nenory cells of the DRAM are
bei ng refreshed because rows of nenory cells in a nenory, cell, array are

t hen being act uat ddu§ Hvepon gglates $ dyRsame randogr Acqessnemdnssy B, MBry cel | s
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with increasing nenory capacity, the power consuned in actuating each row
i ncreases accordingly. Power consunption also increases with increases in

the rat i y cells are actuated. Thus, as the
operati%@%@@w Ms continues to increase, so also does
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their utility in certain applications. For example, the power consumed by memory

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

- -capacity and the operating speéd 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.
Each time a row of memory cells is actuated, a pair of digit lines for each memory cell
are switched o complementary voltages and then equilibrated, thereby consuming a
significant amount power. As the number of columns in the array increases with
mcreasing memory capacity, the power consumed in actuating each row increases
accordingly. Power consumption also increases with increases in the rate at which the
rows of memory cells are actuated. Thus, as the operating speed and capacity of
DRAM:s continues to increase, so aiso 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 devi ces generally include
a large nunmber of input buffers to couple a | arge nunber of contf§lAPRAAG
address lines to internal circuitry. Wile the DRAMis being refreshed,

t hese input buffers continue to swtch responsive to control and address
signals applied to their respective inputs. However, during sone refresh
nodes, control and address signals arg not used by the DRAM In an
auto-refresh node, for exanple, an auto-refresh command is applied to the
DRAM The DRAM thereafter internally perfornms a refresh operation for a
predeterm ned period of tinme. During this period, the DRAM does not respond
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power to the input buffer for the clock signal during the auto-refresh
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In the past, attemptis have been made to minimize the power

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
power to the input buffer for the clock signal during the anto-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 ocours during the time that the input buffers for the command
signals are being re-powered after the auto-refresh period, a spurious command
comresponding 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

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 signal has a high logic | evel when the input buffer for the clock
signal is re-powered. 1 7 APR 2006 3 The spurious clock signal w IZ Eﬁr@
regi ster whatever spurious conmand corresponds to the logic Ieveﬁ A @1e
outputs of the input buffers for the command signals In the past, attenpts
have been made : o0 reduce power during a self- refresh cycle by renoving
power fromthe input buffers during the self-refresh period. For a

sel f-refresh command, spurious commands are avoi ded by first detecting a
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cl ock enabl e signals, redeterm ned period after the start of an

aut o- r ef r agehing pelf-esfreflo witbralmbk @isk iof registering spradusewimneands end gddssssesct ed t o
this approach is not suitable for use during an auto-rerresh cycle. Unlike a seli-refresh
command, for which the controlling specification allo'vs a delay of two CLK periods to
exit the self-refresh cycle, the controlling specificatiyn for an auto-refresh command
requires the DRAM to te able to register 2 command oceurring on the very next rising
edge of the CLK signa. However, the input buffers for the command and address
signals ‘may stiil be in a trapsitional state a. that time, thereby causing spurious
commands or addresses to be registered.

One approach to minimizing powet 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
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

possible to de-cnergize the input buffers for substantially the entire avto-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
during an auto- refresh cycle, it nevertheless still allows a shgphm{mgpt
anount power to be consuned during the period of tine that the inpu

buffers are energized. It is generally not possible to de-energize the

I nput buffers for substantially the entire auto-refresh cycle 1 7 APR 2006 4
because the input buffers nust be re-9owered well before the end of the
auto-refresh cycle and the end of the refresh cycle cannot al ways be
predicted with great accuracy. Thus, de-energizing the input buffers for a

predeterm ned period at the start of each ut.o-refresh_cycle stjll allows
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command witibeyriskivf regisRfing bpiaitue comhiaaddof adieesséd. mes out, the bias is renoved
fromthe conmand signals, and the input buffers are enabled. In the event

the DRAM receives a clock signal, an input buffer through which the clock
si gnal i;Sq, G{W l.sabled during the auto-refresh. If so, the
i nput bgﬁt@%ﬁ{f al may be re-enabled before re- enabling the
input buffers for A hRikaAERRRECk BMRES the pbier éddsuied 8y aWnsRid ARdeammand

signal input buffers are re-enabled can be controlled rel’ative to the clock
si gnal . addess meRaly (EHRAMD duhieglantdwo-sfiesk. GhedDRAMI incdudes ncfiirst setnafnd si gnall

o transiiion the, DRAVLGO.A..oW pouer brechar s frodg ol g, BoncLusi on of
disabled during auto-refresh so they do not consume power responding to signals:
applied to their inputs, and a plurality of command signals are biased to assert a
predetermined mémory coromand, such as a “no operation” command. When an
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
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
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 the inventive power saving circuit can
be used. Figure 2 is a block diagram of one enbodi nent of a power dalvARRy2006
circuit according to the present invention. 1 7 APR 2006 5 Figure 3 is a
timng diagram show ng various signals present in the power saving circuit
of Figure 2. Figure 4 is a block diagram of another enbodi nent of a power
saving circuit according to the present invention. Figure 5 is a block

di agram of still another enbodi ment of a power saving circuit according to
the present invention. Figure 6 is a block diagramof a conputer system
using a nenory device containing a power saving circuit according to one
enbodi ment of the Pigasehts a timiny dixgranDishéwingDy iHER il Obrestnt TiiE tHeNVENT ON
Figure 1 is a block diagram of a conventional synchronous dynam c random
access rmeﬁTy‘iaYmSMM‘?igl@gtﬂfﬁé&- can utilize the present invention, including

one or nore of the,enbodinents,describ I 0. wevers 1t W l|.be

under st ood t hat SE u‘g lseﬂgji?f#n‘gwgmo&dﬁ eg reggbeo %‘flﬁ\?&ﬁ PO ENME so be
used in Qidglact 18 khe (BN invémforoper ation of the SDRAM 2 is control I ed by
a command decoder responsive to high I evel command signals received on a

control bus 6. TheBigute Slis lacbletk dizprawand gillyamither ewhbaedimenkeof wopawer vy
generated by a nenory controller (nhot shown in Figure 1), are a clock

enabl e sfayHig ciepitaccodipg 4o fheqirgsenl Invgnlony chip sel ect signal CS*, a wite
enabl e signal WE*, 0 ' * t eSS strobe
si gnal CAS*, and aF a egé"iﬁgagﬂ&?;&gﬁ%% %%%éﬁﬁéﬁgﬁg%%%@pﬁ%tﬁ% t he
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signals responsive to the high |evel command signals to carry out the
functi onnyentiyn, a read or a

DETAILED 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 cam also be used in other types of
DRAMs. The operation of the SDRAM 2 is controlled by a command decoder 4
e 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 2 clock enable signat 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
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., aread ora
write) designated by each of the high level command signals. These command signals,
and the maoner in which they accomplish their respective functions, are conventional.
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
functions, are conventional. Therefore, in the interest of breviqwggaéwﬁ
further explanation of these control signals will be omtted. The 2

I ncl udes an address register 12 that receives either a row address or a

col um address on an address bus 14. The address bus 14 is generally
coupled to a nenory controller (not ghown in Figure 1). Typically, a row
address is 1 7 APR 2006 6 initially received by the address register 12 and
applied to a row address mul tiplexer 18. The row address nultiplexer 18
couples the row address to a nunber of conponents associated with either of

two nennitiallyaedeivedby the adidrpssiragisigr 4P end appliedito @gowfaddrase apltipdexrdSs bit

formn art of .the r addr ) ciate ith each,of the nenory bank
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addr ess#k 23ris agrespsctive gownddress lateln 26 whishestorsy the rosy adduesse s0d2e¥ov30, whi ch
is controll by . efresh controller 32. ..The refresh controller 32 is, in
tur e CuRipies R bish deEndes 3 iR o0 ferscing oplics ErtSphERne FREF § off e commnd
decoderthéaﬁ.%gli@&ﬁ_ther an auto-refresh command AREF or a self-refresh

command SREF command to the refresh controller 32. As expl ai ned above,

t hese conmands cdllserdw address mattiplener 18] dlar cduples mfw eddredsbeto thesrosd nenory
cells in the arrays 20, 22 in one Qf {wo _corres oczq%ng nodes, nanely an
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Thus, agntoHed by aechabQeairolidt 32h trirtPeshedonasller3TIB, in furd, someslledapessary for

an external device to apply addresses to the address bus 14 of the SDRAM 2.
Howev erthe cammand slecedar s hlelore specifically, the command decoder 4:applies either an

auto-refresh command ARFF or a self-refresh command SREF command to the refresh

controller 32. As explained above, these commands cause the refresh controller to
refresh the rows of memory cells in the atrays 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
apply addresses to the address bus 14 of the SDRAM 2. However, the anto-refresh
comunand 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 amto-refresh mode except that it is not necessary to
periodically apply a command to the SDRAM 2 from an external device at a rate
sufficient to prevent data loss. Instead, once the refresh confroller 32 is placed in the
self-refresh mode, it antomatically 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.

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 ﬁg Zﬁ.
The self-refresh node is essentially the same as the aut o- r ef r esh Ino&&R 2006
except that it is not necessary to periodically apply a command to the
SDRAM 2 from an external device at a rate sufficient to prevent data | oss.
I nstead, once the refresh controller 32 is placed in the self-refresh node,
it automatically initiates an auto-refresh with sufficient frequency to
prevent the | oss of data fromthe nmenory cells of the arrays 20, 22. The
commands applied to the refresh controller 32 correspond to respective
conbi nations of the command signals applied to the command decoder 4. These
comand ths ARFFordhe SREF coRitind, C8% RASH, UASF narst altibe active bows end VEEY her 1 7
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r es pons eottoolien 3AREE CKErisdow, theheongpR\iezodér 4 will apply gSREF sernmapdfto esh cycl e
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stored ianothee ARER bemfrand.adhly gspodsatiohes SREF conumbndntha BIDRAM i2swappl i ed to
the address register 12. The address register 12 couples the col utm address
to a columdersagdelgsireshpysle and wilgratanhlp dhse H@ﬂdbég& FignatdERnsiHions he  SDRAM
2, the lLum address is either coupled through a burst counter 42 to a

col um ess buffer 44, or to the burst counter 42 which applies a

sequence of col UNTAfGGhe 36%adifess Mas bedn appliRdAbahe adifcbekegistdr BE ard i ng at

the colum address output by the address register 12. In.either case, the
stored in one of the row address latches 26, a'column address is applied to the address

register 12. The address register 12 couples the column address to a column address
latch 40. Depending on the operating mode of the SDRAM 2, the column address is
either coupled through a burst counter 42 to a column address buffer 44, or to the burst
counter 42 which applies a sequence of columm addresses to the column address buffer
44 starting at the columm 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
cireuitry 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 registef
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

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



colum address buffer 44 applies a colum address to a colum decoder 48

whi ch applies various colum signals to correspondi ng sense anplﬂﬁﬂﬁmﬁmgnd
associated colum circuitry 50, 52 for one of the respective arrays 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 56, which applies the data to a data
bus 58. Data to be witten to one ofgthe arrays 20, 22 are coupled fromthe
data bus 58 through a data input register 60 to the colum circuitry 50, 52
where it is transferred to one of the arrays 20, 22, respectively. A mask
regi ster 64 responds to the data nask DM signal to selectively alter the
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portion of the power saving circuit 100 is incorporated in the address

regi st etheSD vEFiguta 1 of in other typrsef snesanty dewiges-t he power saving circuit
100 shown in Fi gUﬁ,g 2 can begpl.ac i.n t@er orti,ons of E&he 8 M 2 of
Fgure 1 or i n ot RBr BeYRLevEE SiEng Wodadhisia B5h tet 38 Tt bubipR 4O2BR 1+ 100
| ncl udesygd ieShctfill Atk Bl 1%&6 L@gﬁmﬁgﬁaddaégsbusq@@&s }Ma@ébﬁgﬂﬁk addr ess
bus 14 to an I nternal address bus 106 to provideapIuPaIity of 1hternal
addr essobirtenal/AmidreAd bits dAy-EAK rfiesp contesponding exterhalamldrass bith iAlysA AOTAR. The

input buffers 102 are |ocated in the address register 12; aJthough, as
expl ai nEwehbutfas 1027 lopatedindhe pddnessoreeister 4% althensh, asaplamed @boysf er s 102

are ena V. ' | I ' I .M | set of
I nput b%?%a? ais%ga e?%%‘% ee]?%‘gﬁker%t ?rﬁér\llgggt @%%}?épz %cé@ng@{eg%gﬁﬁ iafs’l ee(r)l!riligll1 cont rol
bus 116MENADYY isii@aR Blmilady, 4/ setond e bf dhma GHrRA 116 icgtple Ihe GtehfadN from
correspondi ng external conmand signals. These command signals include an

active Poniroddus 8de astintsmal comirgd-bus 14 da provide a piurplity afdniemsl commandr ess
signals IC¢-ICy from corresponding external command signals. These command signals”
include an active low address strobe (“RAS*”) signal, an active low column address
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”) sig;:na], 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
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” (ie., a high impedance)
condition by a low command input buffer enable IBENCMD apptlied 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
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 tum, 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



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
signal is coupled through an input buffer 120 to generate an int et hAPR 2106 ck
enable ("I CKE") signal, and an external clock signal is coupled through an
I nput buffer 124 to generate an internal clock ("ICLK") signal. The input
buffers 110 in the second set and the input buffer 124 for the I CLK signal
are enabled by an active high I BENCLKgsignal. The input buffers 110 for the
command signals can be switched to a "tri-state" (i.e., a high inpedance)
condition by a | ow command i nput buffer enable | BENCVMD applied to the "Z"

I nput of the buffers 110, and to an active | ow i npedance state by a high

| BENCVD dpiegitioh of THeepovwRic SR sirgiit] 00. sWhenifhlednput buffess 1d dtaesswitcledtenal PMOS

transistors 130-134, which are_coupl ed between a suEgl){ vol t age and
r espect ibigh impedapeg state bynadey IBENKIVD signab thestansistors h20-130 are tgmed ONnver t er

136. The inverter 13 inturn, is . coupl.e e te of NMOS

transi 358:‘"%‘3‘&?“%"8%’? ?@B%W@&%Mhﬁ%&ﬁﬁﬁﬁ%n%%ﬁéo " signal. |ine.
After the input bufffeinferddiConbRafNanAs IOXS® WA, ITRENCIIES* SaOnall ast he

| BENCMD signal transitions high to switch the input buffers 110 to a | ow 30

i mpedanashestinternah command signatdFForn Ithe inpahbufftre 140,180 -apfliedv 4 beymmind not

af fect the 7 APR 2006 9 operation of th ower savi Jrcyit 100. Wen
t he inp&?ﬁé!’f‘@fsldﬂo éW%‘%h@i?oﬂg wat ?4(??5%?{3%&@%@3‘8’ Qgéﬂ%mw a | ow
| BENCN ' v s . ' = | e lg
rospect (9 inkfide B85 (RS cibaln ARSI, Wb Urkfhs Colbtthifl o

i nt er nalthe oofARd Sigais lapplidd/S*its ihGIAE* Asle¥Plhinel @BSve, e AREF commaidier
internal command signals fromthe input buffers 110, are gﬁgl ied to a
conmand assteieddesponsive tordgvodingdRAS * and dcH*aghive low andyBVE? dpastive

pl urali t% of nmenory commands, including an auto-refresh conmand AREF, from
vari ous %lhbi nations of the command signals applied to its inputs. As

expl ai ned above, thige ARErcFORNGMNAT] AREFE]! SHliE€ 10 ANféch HecddRFQ9DNY | RAS™,
| CAS*, and | CS*active |low and | WE* inactive high. The auto-refresh comand
AREF i s @ with the intemal cleck ICbE gl 364 the internal clock enable ICKE signal.

Based on the state of the ICKE signal; the refresh decoder 150 determines if the AREF

command is for an auto-refresh or if it is for a self-refresh. If ICKE is high, the AREF

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.

The AREF command is also applied to a timer 154, which generates a
Tour pulse after a predetermined period. The Tour pulse causes the refresh decoder 150
to terminate the AREF’ command, thereby termipating 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
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
(“CMD”) that constitute an auto-refresh AREF command are applied to the SDRAM 2



along with the internal clock ICLK signal and the internal clock enable | CKE
signal. Based on the state of the |ICKE signal, the refresh decoder 150
deternines if the AREF conmand is for an auto-refresh or if it i3 7fARR 2806
self-refresh. If ICKE is high, the AREF command is interpreted as an
auto-refresh command, in which case the refresh decoder .150 passes the

~ AREF command to an output termnal as an AREF' command. If ICKE ,is |ow,

" the AREF command is interpreted as dOself-refresh conmand, in which case the
refresh decoder 150 generates a SREF command. The refresh decoder 150
command w || continue to generate the SREF command until the |ICKE signal

transitions high. The AREF conmmand is.als lied to ti 154, which
gener at2&ime Topsdregistered af fims T abbm?ﬁog?&fpﬂb%?ﬁ%al%ﬂg‘%ﬂﬁﬂjse causes

the autlieraveBar g Pasbia R BIGTR feh 8 (T, SOBSRREE AR KO "2
- the tr 388434828 ah Itoldfresh EABmaNY R4thé thdm 8 stlieePRREBHMAAC Aked restilt! 140, the

refresh decoder 150 and the timer 154, are shown in Figure 2 as being
| ocat edhé comimand alevedst lel@o@?cilglrc&) gdaowatesra high ABEF\signallapdrtberefreshd, t hese

oo ke bite G 2 aenpel aioh B et kg SR SR v 1| row
b I
cgnte)i(ﬁasgélgﬁﬂlgf%%n rtg ﬁﬁg(iﬁ Lﬁo‘%@ﬁ?‘lﬁ% t;ﬂ‘{ const “"dﬂg%ﬁ %ed ef resh

AREF c qRe"@bgintang c&labﬂére&nt MOMsoSBEgngZthb AmePR5200hickOwell cohtsl #e and
registered at time T, by the rising edge of the external clock CL Y, signal.

The extduration of Itb%kﬂteﬁmsé agele. Jngesponsestorthe initiation efethy ARERsighal, BREF command

ommndeisd diopdiE 13 o5 Gives e i ORTEE FrNEh S ot BIBNEII W % i g
AREF sigiaby &8sblin3ahs ﬁgue*aﬁffmngdﬁro 15@ (T Shpue baffelgemr 212324 walIOh AREF

si gnal , rather than a SREF signal, a short time after T, to initiate the
aut o-r ethereafrer aptresponihte sidRBFtrensitienscpphettoethend r@pecﬁmpmﬁmthm thlyoder unit

aut o STl Sme PovYE FEGHBE igEALHEsIAAR MECHURDSeoTREARSs B9 hal |t he
the SDRAM 2 consumes relatively little power during the auto-refresh mode. The low
IBENCMD signal turns ON the transistors 130-136 thereby maintaining the IRAS*,
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 trausitioning low

at time T}, the command decoder unit 140 does not register and decode these signals as
a no operation (“NOP”) command.

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; fo
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
edge of the CILX signa;l. However, if the CLK signal is high at time T,, enabling the
buffer 124 at time T, will canse the ICLK signal at the output of the input buffer 124 to
iransition 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

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



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

| ow, thereby disabling the input buffers 102, 110, 124. The input buffers
102, 110, 124 will thereafter not respond to signal transitions ?gq\lpi&qq{]sto
their respective inputs so that they wll not consune power even'if {he
signal transitions are rapidly occurring. As a result, the SDRAM 2 consunes
relatively little power during the auto-refresh node. The | ow 1BENCMD
signal turns ON the transistors 130-436 thereby maintaining the | RAS*,

| CAS*, IWE* signals high and the ICS* signal |ow 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 di sabl ed by | BENCLK
transi t i Tk gdgeowill mit caiisecth® SDRAM 2 tnregisitr desporions command, owhick siphit . :

regi ster and, decode these signals as .a no opera jon %{j ') command. The
{ver | Toopogbidhadeash, IEAS Jih I68° eisnals wert ot bisgeiia A NAP eBmaRds r esh
decoder 0 to,transi td th F' s ] o-refresh
cyol e THEFERLAEOR I dnrGonlTne BENENED Sl hidnaieol Bt Rl el ") 12
T2 to  CENGLE el Hasithia hish) ' Thdhigh TBENUMD sigtid] etittRe the buiphes et er nal

clock CLK signal 1s lowat tine T2, enabling the input buffer 124 will have
no ef f ecthe doymit buffess 1i6xor thesiomgnanddignalsf totalowdmpedpnpeaitate ppdbvns OB t he CLK

signal is high at fji T2, e | j,n fer 124 at tinme, T2 wll cause
e b idbe paom A o ke TARHWEh siehal aie 5o 1oef biied g “at *t 1 e
T2, whic \ £ acagzTn e RS (S { haput
buffers 0 %%Céa %gﬁihggﬁ%%népcommﬁ? %\Ahg@rlflﬂs?%g’ %reﬁ%sg\@gﬂﬁg still

| ow at  150mlsol fanditiens e UBENADDRIpgal Bigh e tisdecT s dithough M@Bulklomwaiitibn Whi ch
will not cause the SDRAM 2 to Eerform any nmenory operation. Significantly,

t he spuribeBENAD, gignalhighpat tingp 62 arisope qtherdigee-wi i | not cause the SDRAM 2 to

regi ster a spurio command, . whi.ch. nj ( j f tgﬁ I * >, 1 WES,
| CS* signals were ?p%ygsﬁ%mguﬁgggz%%geﬁlgg& ’{F_ﬁep re rcﬁmﬂc% € 150
transiti SPRAMIS HBENCMY aticOREesH) bidle, anideit idoes 66 ifi iaMaRhdrethatt Badidsl BENCLK
signal transitions high. The high | BENCMD signal sw tches the outputs of
t-he i npupossibilityrof al gWrfoys memonyoremumendsbena (registered Tesppusivgcioathednputat e and

turns G:l';:uﬁ'ers 100 for the command signals being enabled at the conclusion of the auto-refresh

period.

Another embodiment of a power saving circuit 200 is shown in Figure 4.
The power saving circuit 200 is substantiafly 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
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 extemnal clock CLK signal. The power saving circuit also includes an-
internal clock buffer 230 that is enabled by the IBENCLK signal.

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



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

bi ased high and the I1CS* signal is no I onger biased |low. As shown in Figure
3, the refresh decoder 150 also transitions the |IBENADD signal hﬂdHUﬁﬂﬂ i me
T3, although it could transition the |IBENADD signal high at tine T3 or sone
other tinme. The power saving circuit 100 thus reduces the power consuned by
the SDRAM 2 during an auto-refresh cycle, and it does so in a manner that
avoids the possibility of a spuriousiZvenory conmand being registered
responsive to the input buffers 100 for the command signal s being enabl ed
at the conclusion of the auto-refresh period. Another enbodi nent of a power

saving circuit 200 s shown in Figur Th ower. sgving. ci.rcuit, 200 is
subst ant4REF gomaaad,; VLS B\?@lﬂ%é%ﬁ‘gtﬁ?ae\éfflg&@@nggﬁﬁ%?ﬂ‘%ﬁﬁ gure 2,

dit t ' ' t . . ' :
?Et elr es 3'9 %%ﬁb(?%ﬁ% &P%é%%ésﬁoc%%% 1%?@5 ?oﬁg%gg\%eﬁhgna%?%g circuit
200 t hatapgy-Refreblilelé. CWheh $hd fiRef 1 54 thinks 66D pERRAL thS TSl pulde)thefoEh savi ng

. circuit 100 have been provided with the sane reference nunerals, and an
expl anatdecodenfl 5 ken singply metit fon halfl the pexded bEthedCEX: ignal Bifter the\preceding ng

v e s e i FEvSEb R M BBl
el aded Gl i S Plm ity e RT Bhee AER S QMBI Chb il I\
si gnal . nidie peRer Bidndthe pbwieh eavioEeircEit YOM of Blguea 2.t i GPhassths ubedsge ¢ | y the
sane as the@E)power saving circurt 100. Specifically, in response to

r egi st erbeing abie tarRppble dagampnbuffese 10RENGVHthoppEmanting ssprBeNEonmaghal s
transition low to disable, the ingut buffers 102. . apd the_internal clock
Ui for 230, A o ARTRR SHhadERatt Shieovies seiog s 20k 3Bbwh ST RIS C i £y
(not  shomR)nohapBine eittdif 00 fshitsd Viirp Siditar 8 Bie'powr Sdving SRQUHCVSWIBmPOVer
during the ‘auto-refresh cycle initiated in response to the 1 7 APR 2006 12
AREF  corimFigire Rioamsl/it¢ imitislheoperptes itbsibstantiaiiOthe same meannkn cRhesefgreg i thed _
O st St the et oSk usbl 2 e SR i i 00 hathde! v !

identical to the circuit components used in the power saving circuit 100 have been

provided with the same reference numerals, and an explanation of their operation will
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 conchusion 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
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
some other terminal that is not used during refresh may be used to assert an auto-refresh

command.



auto-refresh cycle. Wen the tinmer 154 tinmes out to generate the TbypR pos se,
the refresh decoder 150 can sinply wait for half the period of the |ICLK
signal after the preceding rising edge of the ICLK signal to transition the
| BENCVD, | BENADD and | BENCLK signals high. The power saving circuit 200

t hus has the di sadvantage of consum ng nore power than the power saving
circuit 100 of Figure 2, but it has tjye advantage of being able to enable
the input buffers 102, 110 w thout generating a spurious command. Anot her
enbodi ment of a power saving circuit 300 is shown in Figure 5. The power
saving circuit 300 is also very simlar to the power saving circuit 100
shown in Figure 2, Thathodt décidridagidgs Spsersignals as llgWpst antial |y the sane
manner. Therefore, in the interest of brevity, the circuit conponents used
in the power savi } i } i i f t
conponents used in Mgppower saving cirpst 100 have bEKB provided wth the
sane referencernyt I Som T W T ptranatiom off their_operacion wjll not be
repeat ed. The %\H %@mt@?ﬁﬁ 300 P fers| 9 & £ heeriaddyi ng circuit

a)
-
=}
-
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of a reduced | ut owerig icle 1 n addition to-t-he-conpedents used

in the power $gyiAg Aﬁiﬁf}ﬂgﬁe 100 of) Figuqe 2, he powergsaving cijrcuit of

Fi gure 5 incl ydes—a—rooe—decoder—340—that—decpdes the CKE Signall and a data
mask ("DM') si dioahal®RBHEMdde 0 a DM ) nput“l¥ermi pal . As “¢%pl ai ned jabove, the
DM signal is used to nask data being read fromor witten to the SDRAM 2.
Thus, the DMtermnal is not needed during a refresh of the SDRAM 2 because
data are not being rgag iﬂlﬂrmqrsg%fal {stigh wRenl he ARBRAY SREFALdnitRAHAB atche DM
input termnal is used in the enbodi nent shown in Figure 5 it wll be
under st odass¢rted, the GRR AVIerperatesrin Agpnventenal mannst. deweveauf indPMesfgnalsh may be
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decodes t h&s&"
AREF mode described above with reference to Figures 2 and 3 regardiess of the state of

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 gcnerdted to end the AREF cycle, the

10 SDRAM 2 retums 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 toend  the

AREF cycle. Also, in the low power precharge mode, the SDRAM 2 remains in the ow

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, «s 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



"0" (for full AREF period) Low Power Precharge Low Power AREF Mode Wt hout
Low Power Preehar e Normal AREF Mbde"0" Nornmal SREF Mode"1""|" Thus, if the
DM signal is high when the AREF or SREF commands are 5 asserted] 7tAP@ JHORAM
2 operates in a conventional manner. However, if the DM signal is |ow when
the AREF command is asserted, the SDRAM 2 operates in the | ow power AREF
node descri bed above with reference to Figures 2 and 3 regardl ess of the
state of the CKE signal. If the CKE gignal is high when the AREF comand or
at any time during the auto-refresh, when the TOUT pul se is generated to
end the AREF cycle, the 10 SDRAM 2 returns to its normal operating node to
wai t for another nmenory command. = However, if the CKE siqgnal Is | ow when. the

AREF coreelad Whem ignal transitipns highothegefreshydacrdere 0’ teangitions thef r esh
| e, f : t t ] hi_gh . _
o cchar JHENCRSES TRENGTED S RE AR o B SR el Bk T arer
| e. ' : : j i-n the |
18 poner R e e i B LB el o e o T on the
| BENCVD ¢irchiiyNARR: SIDR AMPACTKe dowiveer AREF adode hwitltethe DPP tivdeAbisnety cl e.
Crcuitry in the SDRAM 2 (not shown) resgonds to the high LPP signal to

remove Pahemirimiges the pawer copgrpeshianthe § duiygapaytprefrerheyclepbuthe

d. tain.d tor ed, i 2 Fi 1). F
D o i s anitimoRly sahtenp SN 8 ot of b A8l Bty The
col um deePfEesitéycleRtwRieRBval lebsow s sapreeds 28. The SDRAM 2 remains in

the | ow power AREF node as descri'bed above and in the | ow power precharge
mode until the CKERAhapghlthe pawer $avimgs cinduith300 shiosvm, inaEignen$ usescitie DMvi ousl vy,

if the CKE signal transitions high at any_tine quring the .25 AREF cycle, the
active (gl ml%gxegﬁaﬁe brrveenday Roves eHio tfisth 15193%@1 ﬁ&g drithonp therdeyw

power precharge mode, other means of differentiating between these modes can be

used. For example, a conventional mode 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
the SDRAM 2 or some other memory device that contains an embodiment of a power
saving circuit as described herein or some other embo?diment 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
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 corputer
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
or a video 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

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



1 7 APR 2006 14 cycle. When the CKE signal transitions high, the refresh
decoder 150" transitions the |BENCVD, | BENADD and | BENCVD signal s dactive

hi gh as descri bed above. The refresh decoder 150" also transiti ansAﬁs{:gmq_PP
signal inactive lowto re-apply power to circuitry in the SDRAM2. " ow
power AREF node with the LPP node thus not only mnimzes the power
consuned by the SDRAM 2 during an auto-refresh cycle, but it also
automatically switches the SDRAM 2 tqgsan operating node at the end of the
auto-refresh cycle in which even | ess power is consuned. Although the power
saving circuit 300 showmn in Figure 5 uses the DM signal to differentiate
bet ween | ow power auto-refresh nodes with and without the | ow power :

pr echar grentrolier, 436 rsludes ansaddfessitus exoupleidatoi thg asidrase dust He@iguedbstocan be
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that conicintdl Bis G6PHEISDRAMYL. Theexternal daty big58 of tiSDRAMIZ $¢dupRd herein
or sone ot her enbodi ment of a power saving circuit ,in accordance with the

i nvent i do.the datadosmfithe progessertaQGithar thirely er fhronghsthe metaxy doptrofesr f or ni ng
vari ous ting functiops,,such .as executing spegific,sof t perform
spect 1 A0 the npRLopirole 2D SopHES pASEEAA FoRgIE SEPalRe e JPRAM ol bus
104 thal (QGiR! k. SDRANISP 16 pBftd B2 Snb 5 mBrd 88160 hoWMP safilll Modld! a bus.
In addition, the conputer system 400 I ncludes one or nore | nput devices

414, suclesaibed abeydhoard or a nouse, coupled to the processor 402 to allow

an operator to interface with ,the_c;gput er system 400. Typically, the
conput er syst em 4ddom ke iforeeoings itomall obe nappEcciated (that, qalttiongh spegificoupl ed to

the proc 402 C i ! . I Is . Or a video
term nalﬁa%rafemcr %?ﬁeé %g%&ogﬁ)ﬁvgg’\eébﬁggﬁ%%gh}%%ﬁﬁ %S%F%%il%ﬁ%%?mgoupl ed to
t he prooesies mbddidations MaR be atadleGrithioRt deeiEng &om fhe Xdnd'seape 6f Meage nedi a

(not shown). Exanples of typical storage devices 418 include hard and.
fl oppy divsasion; Aseordingd thedgyention is not limited except as by the appended claims.




and conpact disk read-only nenories (CD-ROVMs). The processor 402 is al so
typically coupled to a cache nenory 426, which is usually static random
access nenory ("SRAM') and to the SDRAM 2 through a nmenory contr bl IABR 208080.
The menory 1 7 APR 2006 15 controller 430 includes an address bus coupled to
the address bus 14 (Figure 1) to, couple row addresses and col um addresses
to the DRAM 2, as previously explaiqu. The nmenory control ler 430 al so

i ncludes a control bus that coupl es *Conmmand signhals to a control bus ,6 of
the SDRAM 2. The external data bus 58 of the SDRAM 2 is coupled to the data
bus of the processor 402, either directly or through the nmenory controller
430. The menory controller 430 ap/LiAd¥iSappropriate conmand signals to the
SDRAM 2 to cause the SDRAM 2 to operate in one or nore of the power saving
nodes described above. Fromthe foregoing it will be appreciated that,

al though specifi¢ enRosiweeeivngoéirduliefol nsteintd dynahdvendeencaesmeivbed her ei n
for purposes of illustration, various nodificatjons may be .made m@thout
devi at idugng refresh RE theslyapmicaaudogt agsassgRerp R ( 1?%%!4%‘?1130‘%?666\“83 U the
inventh%QrLannot limted except as by the appended clainms. 1 7 APR 2006 16
CLAI Vs 2P p%Mer saving circuit for use in a dynam c random access nenory
during refresh of firhesetlyhapiuchuffendoperabbe msgenamttoespettivieRANtNa] cothmambwer

saving circuit conprising:, a first _set of input_buffers able to

gener atségﬁaésfﬁ@éﬁ“\?@a{ FATR A SIMH“‘FE‘% @ﬁ&}r)&?g‘r‘f&ﬁ’ &85 @P'htgtﬁ‘%rfﬁ‘rﬁé% si gnal s
appl i eds et fisid AIRibTedfal GETerdsh8ighiput buffers in the first set Dbeing

di sabled by a first refresh signal; a bias circuit operable to bias at |east

one internal comadir ciicyihaperabds proyiss ardeast mnednismelorptnmantisezmnl gippAEle and a

refresh decodgr oengr.abj e to decode at |east one internal conmand indicative
to a sécond retreshy signal; and

a refresh decoder operable to decode at least one internal command indicative
of a rzfresh of the DRAM and causing the DRAM to be refreshed responsive thereto, the
refresh decoder generating ths 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 ¢laim 1 wherein the refresh decoder is
further operable to remove 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 ¢laim 1, further comprising a clock input
buffer through which an extémal 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 du: ing the refresh of the DRAM,

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

buffer through which an extsrnal clock signai may be applied to generate an internal clock



of a refresh of the DRAM and causing the DRAM to be refreshed responsive
thereto, the refresh decoder generating tine first and second refresh
signals during the refresh of the DRAM 2_ The power saving cirﬁ%j& cg
claiml wherein the first and second refresh signals conprise a PR"2006
auto-refresh signal. 3. The power saving circuit of claim1l wherein the
refresh decoder is further operable to renove the bias fromthe 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 claim1l1, further
conprising a clock input buffer through which an external clock signal may
be applied to generate an internal clock signal, the clock input buffer

bei signalj smiwheteimthea réfiish dontedlies shoparahlato teamthaid thedirst anidesecantirefresh .
controller is_operable to ,generate the third refresh signal during the

r ef FigBHS iepensiveripapredstenyined jrpsition of thegntsrnal lack$tgnal ai'm 1, furt her
conprising a clock input buffer through which an external clock signal my
be applied to generate an internal clock 1 7 APR 2006 17 signal, and wherein

the refresh cgntroithepotvér eRMh@BIenit 6f bR NVhereid thef iefigéh edirofiecind
refresh.. signals responsive to a predetermned transition of the internal

cl ooperablg e ltemnatd ke fiostemndsseoimtyrafresh wignalsf ongt-balfiile periodeofithe doakef r esh
controller is .operable to termnate the first and second refresh signals
one§‘ﬁa?lfﬁ%éet%ngé’éf35‘ie§?tﬁ'§m8 EROSIiONy 5| after detecting the predeterm ned
transition. 7. The power saving circuit of claim5 wherein the refresh
controller is operable to termnate the first and second refresh signals
responsi ve to7det eThe pgwer sedon dirciit of slai hwhéreih éheclefresh eongwoller fsavi ng a

pol ar;rgg that is different fromthe polarity of the predeterm ned
t r apRerEblodo tgmimpaie thefiest and\seerpdcrefissh sigpplsaraansive ip detecting aseemds circui t

' t | st I t.pui: ' by buf f i
notppdf of ihd RibSk e RakRerE Py i Bt R o pllab Bt e PG 1
coupfflggaﬁﬂeaﬁmmﬁr saving circuit of claim1 wherein the bias circuit is
oper abl e

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 I wherein the bias circuit is operable
to bias a plurality of internal command sigpals 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 si gnal, 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 coramand 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. |



to bias a plurality of internal command signals to respective states that
assert a no operation nenory command. 10. The power saving circuit of claim
1 wherein the refresh decoder is further operable to detect the fﬁ@ﬂ@ﬁ
predet ermi ned conmand signal, and, in response to detecting a fir

of the predeterm ned conmand. signal, to continue biasing the comand

signal and disabling the input buffers in the first set at the concl usion of
the auto-refresh cycle. 11. The p yer saving circuit of claim 10 wherein
the refresh decoder is further operable to renmove the bias fromthe comuand
signal and enable the input buffers in the first set responsive to
detecting a transition of the predeternrned command signal from the first
state to a sed@nd Jhgtpower savinpreizod ©f dainp 10 whergin tae refeesh dgcedards t of

;Irgﬁ 10 whe ﬂﬁgﬁg gdgsh dgc%dﬂeﬂrgﬁ%spgﬂ]&éﬂ{lgegp 3b| e to di sablg

congt 4l %Bn In*ﬂeo eikosiiifah ol ?eé'p%ﬁﬁ?@%v&téc@ingei %&ﬂ Qeteao%'tﬁét state

e predetermned command signal. The power “saving circuit of claim
12 pl‘tdetetmxﬂeﬂeoﬁmfanésfgndlecoder i's further operabl e to enable the
predet 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 se nd ate.  14. .The. av ui wherein the
refresh decod #B;F-%o&er nggr%g Z%P g%@“ﬁ’&ﬁ%‘é‘f‘ e%?gcd Bt 1east
one ﬁhﬂie?rdbéfabfé)%r%ﬁﬂalértﬁé%dev&uﬁéﬁ SonifinefE NofOthet BmatdAVariloth hecdgnerate a
predeterm ned refresh signal responsive thereto; a'imer coupled to the

fir mcnttuymdeaspomsledo tdbtmhng)elmsiﬁnh of trecptedsterntined poresiend sighaleflomdhe esh

Si g and generréqt' a refresh term nate signal a predeterm ned period
aft rARPEP d refresh signal; and a second decoder coupled to the
first decoder and to the tinmer, the second

14. The power saving circuit of claim 1 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.

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 reftresh of the dynamic random access memory (“DRAM™), the power saving circuit

COmprising:



decoder being operable to generate a refresh conmand and the first and
second refresh signals responsive to the predeterm ned refresh signal, the
second decoder further being operable to termnate the refresh copmgpd 266d
the first and second refresh signals responsive to the refresh term nate
signal. 15. The power saving circuit of claim 14 wherein the predeterm ned
refresh signal conprises an auto-refresh signal and the refresh conmand
conprises an auto- refresh command. 16. A power saving circuit for use in a
dynam ¢ random access nenory duriﬂ@ refresh of the dynam c random access
menory ("DRAM'), the power saving circuit conprising: 1 7 APR 2006 19 a
first set of input buffers operable to generate respective internal comand
si gnal s from exfigt Bt ofCphEheds @patablediePcnerhid eespbtiverifiténal ebingiand t he
i nput buffers in the first set being disabled by a first refresh signal; a
cl oskgualsplijom lextemal comuangrsigasls applicdda tthe input buﬁ)éws, Bieginput uffesoipthed t o
generate an iptern clock signal;.a bias circuit operable to bias at | east
one H%ﬂﬁé@g@% §ﬁ§ﬁ£¢iﬁgéﬁﬁﬁ§ive to a second refresh signal; and a
refresh decoder (RReTiahctfer ARRALE Phich S bri@fhaf LI 5140 LAARANG and to
es ecoder being

initiate an auto-refresh cycle responsive thereto, the refr

furt rafeRaifehal tlock gighsigt the respective states of first and second
predeterm ned conmand signals, the refresh  decoder being operable to:
perform a sel fabiaf eicafit ererabile tadRas/pt lsagtonp aplemal eommand siggalagsnpomsive ref r esh

co nd_an tecting a,first state of the first predeterm ned command

si gﬁgpse%ﬂqgrggqsﬁ;@agtagﬁe of the second predeterm ned conmand signal ;
perform an autOrheld 8&3def ofcishlPR \Ydobie af RN LS reRGRoREnAR Adlte- refresh
command and a detecting second state of the first predeterm ned comuand

' si grinitiatensh autd-refresh sycle eespbndivethersiq ithe pafedie tlecavien being dmtheen dpedabyleab ;
detect the respective states of first and second predetermined command signals, the refresh

decoder being operable to:

perform a selfrefresh 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

. sigoal and a first state of the sécond 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 4t 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.



performan auto-refresh of the DRAM and generate the first and second
refresh signals in response to decodi ng an auto-refresh command and
detecting a first state of the, first predeternined conmand si gndl7 &RRd2086
second state of the second predeterm ned command signal; and perform an
auto-refresh of the DRAM generate the first and second refresh signals,
and di sabl e conponents of the DRAM ghpher 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 second state of the first
predet erm ned conmand_ signal and a se%oggp %aiﬁ Qf fh@rgec nd ﬁ& determ ned
command signal . 1%, THIE RoOKRR Saving, FIFRyTt OF C1aim L 6 YRRy R ATt KRS EMT®f he ¢l ock

i nput huyffer | i I third refresh signal, and wherein the refresh
decoderb'né]ec W?ﬁﬁ§§°%§EF5%W£¥?%L generate the third refresh signal along with
the first and second refresh signals. 1 7 APR 2006 20 18. The power saving
circuit of claim16 wherein the first Pred tqnninﬁg ﬁL%nak conpri.ses a
clock enabl e sighhl. TRg PRHET peAEE SHFPhgOLi F2T1 ¢ ' of WeF S m @ein the

second ) i i ‘ i a data mask signal. 20. The power
pr&feﬁﬂﬁ{r@% gggﬁqg?ﬁ#@%ﬂ dSQPRLE S8, 9 p

savi ng ‘cl rcul wherein the refresh decoder is operable to
termnate the first and second refresh signals at the conclusion of the

auto-refresh if_the first stat.e of the fi.rst_ pr rn. ne d signal
and the second s?{’ite %tfc PHET SBY ﬁ&m'ﬁ{]gﬁ“élf"@r?r?ﬁ@g%ﬁﬁrﬁ%ﬁ csgi%n{gg}i\%ere

det ect agperablR@o ihiRfthe aE0aRY sebidefréstiisighals ape caldiidnof teantd-rfesigener at i ng
the first and second refresh signals at the conclusion of the auto-refresh

i f thel Sedbrdtais ofthe Brst predetermingd opuepad signp!med theowriddtas ofiths ssaprd t he
second f..th ' iq0e - Rl ted. 21.
The pouds e BnB0 B DREHERSHT A REATRAR, BLAE R DA R

oper abl @ntiouec@nératneethe 6rse aad seomdtriafeeshisiznals arttle sechnnéfheaste;reféshial s at t he

concl usyon. o Lhe ceAul Aol esh a5l ong a8 LN ROQGPLSJSHRLILASY commane

predetermined command signal were detected.

21.  The power saving circuit of claim 20 wherein the refresh decoder is
operable to continue gencrating the first and sccond refresh signals at the conclusion of the
auto-refresh as long as the second predetermined command signal is maintained mn 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 to
terminate the first and second refresh signals before terminating the first and second refresh

signals.



22. The power saving circuit of claim20 wherein the refresh decoder is
operable to termnate the first and second refresh signals at the concl usion
of the auto-refresh by detecting a predeterm ned transition of tge7 Aﬁﬁtﬁﬁ nal
clock signal, and to termnate the first and second refresh signal's b
responsive to detecting the predetermned transition of the clock signal.
23- The power saving circuit of clajm 22 wherein the refresh decoder is
operable to wait a predeternm ned duration after detecting the predeterm ned
transition to termnate the first and second refresh signals before
termnating the first_and second refr.es Lgnal s., 1.7 APR 2006 .21 24. The
power saving ci rréuit 1B ROMET §YBE \ﬂfé‘f‘%ioﬁ cfaﬁrg Eéé'gwﬁel"?é@l F‘algscgrg%%el?’ able to
bi as a i | i An g © deRerd@NEiRbRraioN tnepiey at i on
menor yo&(lgéyrlﬁ@*r%n%é.{s gé‘ﬁ#’%ﬁ“&@%@%@gﬁﬁng cllgéh?ui técof cl ai m%G wherein the

ref r estordearalder conprises: a first decoder operable to decode the at | east
one internal command indicative of a refresh of the DRAM and to generate a
predeterm ned refresh signal responsive thereto; a tiner coupled to the
first decoder, tjse tipRerpdwRt Ravibg icaBdr 6f chim tisewhaemdtt aefitshedbcsdhr esh
signal and generating a refresh term nate signal a predeterm ned period

af ter t¢represidet ermi ned refresh signal; and a second decoder coupled to the
first decoder and.to.the ti t he . bel . to

gener at e a. ref r SR sPARY: i B RGP M leas BEHRIaP AL ARENERE

r esponsf ¥ &fesh difie PRAVNEERY thigamgate & bredstamsih@imafreshisippalsespondvedhereder furt her
bei ng operable to termnate the refresh co nd and, the, fi rdst arl’!% second
refresh signal s & dispsneupled; § ke first sieredsn ther pabeng; Figgired 38 thehe power
savi ng gl Iz i I rede ' al

conpr | Bt Eiihe PerEu Parehd IBRG R § AR B FhAL DT prodlfiindt 88 auto-
r ef r es hftarahspradetermined 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
teriminate 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 decode row address signals
applied to an extemal terminal;

a column address circuit operable io receive and decode column address

signals applied to an external terminal;



27. The power saving circuit of claim 16 wherein the bias circuit conprises
a transistor coupled to an output termnal of an input buffer in the first
set through which the at |east one internal command signal is couﬂlkﬂ’,R 8%
A dynam ¢ random access nenory ("DRAM'), conprising: a row address circuit
operable to receive and decode row address signals applied to an external
termnal; a colum address circuit operable to receive and decode col um
address signals applied to an exté2nal terminal; 1 7 APR 2006 22 an array
of dynam c random access nenory cells operable to store data witten to or
read fromthe array at a |location determ ned by the decoded row address
signals and the,, @Qﬁ%&ﬂh HHRCANLERS MefbanallSoperablbt dtopdddn WHitaL t
operabl e to couple data signals corresponding to the data between the array
and arnoextead fimn tataay gribesiby detenwinereydhe degadsd lgwrddwsosissiiandiie t o '
generate %dse@uegﬁﬁ of .control signals corresponding to command signals
appl i €FePH° FRYBOAPHE BR¥Er nal terminals and coupled through a first set of
input buffers tq GengitiRtRcliesRebld MecduplealabXigmanavarshoatippad she ddie i nput
buffers in the first set being disabled by a first refresh signal, the
comantFteseqiag et aed an erempldafaieminglc| uding a bias circuit operable to bias
at | east one inter L i i sh signal;
and a refresh deaggékgrangp@r@%g %&%ltgp@ee{:%j?f:é %ﬁ%ﬁg?é@ﬁ%ﬁﬁ? Ee)dr!%élflg%{)l%mnd
i ndi caggriegpon@ingator &intrRad sifnald epglicAND aeshectiugséxtgnal terniiRAblahd chepledf r eshed
responsive thereto, the refresh decoder generating the fi s% and second
r ef r esWARB ALY sgl Rt iRyt DHECT & BSHGTesREFRVE ‘B’ﬁﬂ‘l@l COz "“!éhség”& n2fi'HPY andom
acces Sy [RAPRYNG fird S HD g UiiBRE B AlErofrtdhhondfthe ORAMAD (RN RAlaRY NI S
conprise an auto-refresh signal. 30. The dynam c random access nenory of
cl ai m @@theherchidingt hebizetirasth cpagdoderbiis af imsthere opena bdosneapdr sgbi ng t he
bias fromthe com"randd §isglnal S _anéj enabling the

responsive to a second refresh signal; an

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 thercto, the
refresh decoder generating the first and second refresh signals during the refresh of the

DRAM.

29,  The dyramic random access memery of claim 28 wherein the first and

second refresh signals comprise an auto-retresh signal.

30.  The dynamnic random access memory of claim 28 wherein the refresh
decoder is further operable ta 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
clack input buffer through which an external clock signal may be epplied 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.



I nput buffers in the first set at the conclusion of the auto-refresh cycle.
31. The dynam c random access nenory of claim28, further conprising a

cl ock input buffer through which an external clock signal nmay be apf@lgpeRaigso
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 1 7 APR
2006 23 32. The dynam c randon1acaﬁ§s menory of claim 28, further conprising
a-.. clock input buffer through ch 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
responsi ve to 3. pr eTies dynzmie thnidomnaictssanemdrytdf eldimt 28, fiathet canprishgnaal . 33.
The dynam ¢ random access_nenory of claim 32 wherein the refresh controller

oreckaiziput b@ﬁ’vreﬁmm whichean th@mahﬁb*eww mw begnphngwageletﬂﬁeanal f the

per| o% @ﬂ?ﬁ% ck SI naI aft detng'fotll'g{% Eérgl:n e&gd tranéltlon

C 0 ”tsre&H ettS’E\ Ee?miﬂéﬁ tfah!;:ﬁbn %Pﬂle'%ﬁ&&mj cloBk &gﬁh si gnal s

responsi ve to etectlng a second transition of the clock signal having a
polarity that is different fromthe polarity of the predeterm ned
transition. 35. The dynam ¢ random access nenory of claim 28 wherein the

bi as C|r](c:U|t_3: nmpr Fgedyngmis amogmcmmew%daﬂnéatm é-h?rﬁwahoflan
BRI gptebiis ket he aisaBl Sl sEhech e ble GEER BRBAOABETTL 1 26

whertﬁémo&heighmaaamaété&wgtmeﬁreqeeﬁﬁmb@uhﬂsxm@s a plurality of internal
command signals to respective states that assert a no operation nenory

command. 37. The dynam c random access nenory of claim 28 wherein the
refresh deco r urther able to detect_.t at.e of redet erm ned
command si gnal”, and Fgﬁg’é“ ?@%%@Pf’h@fﬁf#?%tw}%?%ﬁ%?e

pr edehebiitiisdp &m%rm@meﬁ&mebwmme @als}é%oﬁﬁ%% and

dlsabllng the I nput buffers in the first set at the ncl usi on o he
-a second transition of the clock signal having a polarity that is different from the polarity of

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 mput



auto-refresh cycle. 38. The dynam c random access nenory of claim 37 wherein
the refresh decoder is further operable to renove the bias fromthe conmand
signal and enable the input 1 7 APR 2006 24 buffers in the first set
responsive to detecting a transition of the predeterm ned command! 7 PR 786
fromthe first state to a second state. 39. The dynam c random access nenory
of claim37 wherein the refresh decoder is further operable to disable
predet erm ned conponents of the dynam2# random access nenory at the
conclusion of the auto-refresh cycle responsive to detecting a first state
of the predeterm ned conmand signal. 40. The dynam c random access nenory of
cl ai mtgfevshiar thenfinsh eetr whpasive tdedadehtingi a transitidne pf dee pradetermined naipireatde
predeterr’rl ed conponents of the dynam c random access nenory in response to
det ectt&1§ EOWrtﬁ?IEFSttiS@FF E?faﬁeﬁ%n‘g?t@%et erm ned conmand signal fromthe first
state to a second state. 41. The dynam c random access nenory of claim 28
wherein the refresh decoder conprises: a first decoder operable to decode
the at |east on&9. nt eTmaldyrcamrandonndicess inemonodf alaimf¥7ewherein theereDRAM and
to generate a predeterm ned refresh signal responsive thereto; a timner

coup! &§°qdsT ih Surthersepeganle de disabice predpigrmined sgmpppepfe of fhe dypgmic random
predeteLii, H%ganrg‘;alf g%%g*:@g@h tog@ﬁe 8&8-?{@& !&gclg r%sg);fl&é td Sét%tpfg[ ag tr;lgét g 2

predeterm ne € predetermne resh srgna a second

decoder tieoprpdéniified bdinfahd kigdgicoder 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 predeterm ned refresh signal, the second

decoder further pein operable tpo termnate the.refresh commpnd apd.the
iret and secondtr e ‘BT ol SR B RobS: Halh 33 wERRFE M Rl
si gnaldecdtfer isThRthdy BpErable t8 REMY: AL HiedcteRAMEY cOhpShchitd b theVdiRaRid\rdnld8m
predeterm ned refresh signal conprises an auto-refresh sirgnal and the
r ef r eshcasepmmamaety in response to detecting a transition of the predetermined command signal

from the first state to a second state.

41.  The dynamic random access memory of claim 28 wherein the refresh

decoder comprises:

a first decoder operable to decode the at least one intemal 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.

42. The dynamic random access memory of claim 41 wherein the
predetermined refresh signal comprises an auto-refresh signal and the refresh command

comprises an auto-refresh command.



conprises an auto-refresh command. 1 7 APR 2006 25 43. A dynam c random
access nenory ("DRAM'), conprising: a row address circuit operable to

recei ve and decode row address signals applied to an external termnal; a
col um address circuit operable to receive and decode col um addrle&sAPR 2006
signals applied to an external term n\%!s; an array of dynam c random access
menory cells operable to store data itten to or read fromthe array at a
| ocation determ ned by the decoded row address signals and the decoded

col um address si gn@é.%dﬁlﬁﬁéﬁn&ﬂ&c@swﬁi&y@ml%&&pwl e data signals
corresponding to the data between the array and an external data term nal;
a clock input bufferrewaddigss st lopeamablexe eecnive andl dedodsirgmaaddiess signald ed t o
generate %erliw{oea{nn&ke zh?eg_}%i.nsail_gnal; a command signal generator operable to
generate sequence of contrdl signals corresponding to comand signals
appl i ed to respectiaeolanxhexdd@bs tiefit opatableaddrecaivumidedecoli¢ oolghmaadidiekst set of
i nput buffers to, generate respective internal command signals, the input
buf fers st Ppllgffpagéfteﬁ@fﬁg‘maiﬂsab| ed by a first refresh signal, the
command si gnal genegahg offlelj}ﬂa?ﬁé rahdéth y&mqn@n&y 8d1sGhlabikto Q0Rd@RAl € to bias
at | east one internal Conmmand signal responsive to a second refresh signal
a ref r eshwrserdder reag Eppishearray afl e bnsaléonadetermimed by thedacaged e adshese sigmnd and
toinitia e I ~esponsi ve thereto, the refresh decoder
bei ng fur %etﬁpd%gae%{%ﬁ{erﬂq%&&g?%ﬁal{’he respective states of first and second
predet er mi ned conmendhtspahairciit opeladlerte cowgnddaie sigads chreispahdoigeato alid datd o:
performa self-refresh of the %AM in Eesponse to decoding an auto-refresh

conmand a EF@t_%W@“Qa?F’ftQPaI BtEmRalt he fir st predet er ni ned conmand
signal and a firsty ghalt fpef bifte (S8 Whidh A ek RimHl @E)@k%%maﬁd:oﬁblgd‘@d;

performan auto-refresh of the DRAM1n response to decodi ng an auto-
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 through 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

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



refresh command and a detecting second state of the first predeterm ned
command signal and a first state of the second predeterm ned command
signal; performan auto-refresh of the DRAM and generate the fi rstwnﬂ; ?
second refresh signals in response to decoding an auto-refresh commng g%d
1 7 APR 2006 26 detecting a first state of the first predeterm ned conmand
signal and a second state of the second predeterm ned command signal; and
performan auto-refresh of the DRAM g¥nerate the first and second refresh
si gnal s, adafeatingabfimst statepafitba tfisstpredetembiRaMontrhand sipsal anfla fecomt staretofof
input buffers at the conclusion of .an auto-refresh cycle in response to

decodi ng a © sefropd e qlggﬂn FrRmanS e ettt i ng a second state of the fi rst
pr edet er mi ned commngerféﬂngaﬁlamflefﬁesﬁ%m@m rggﬁerﬁf}]?théleﬁgpgnc%%%ﬁer m ned

command signal. 44. The dynam c random access neffory of claim 43 erein the
cl ock i npefrestusigeals, andddisatidé ecmpynents ¢fi thel DRAMesthersthgm #ie fimheetwifénmitn t he
refresh decaogder is further operable to generate the third refresh signal

al ong wi t P4 Sﬁﬁ!ﬂ?%ﬂ?&!‘%%a @ﬁéﬁ@%_ﬁ@%ﬁaug Tespnserfpy dggading &n Aifdom
access me 155&11: i . ri ses
a cl ock e%g}éselpg? gha H‘aﬁ% Hgﬁ%ﬂﬁ%%%%ga rsga?\%lg %%%gg%?r%%o%ﬁ%{?@c al mETBS

wher ei n t hegisg andd seqpr@dedte bitiRedcaidpradetaniingd cesmandigsigfalrask signal . 47.
The dynam ¢ random access nenory of claim43 wherein the refresh decoder is
operable to termnate the first and second refresh signals at the concl usion

of e aut o rebg ool il ' hsShebbBubl Sl LSRR AP R

signal and the sSécon econ mned "¢ al were

det ecihpgt, miffee i§ @fsabieh e lad rdfRish @ightl, he ivheeif tRd tfrdsR debdildr Nyl eur@iper at i ng
the first and second refresh signals at the conclusion of the auto-refresh

i f t pesbloedenemtethsithivd ceffash signpl aldes withithelrst andeasand refrash stgmdlst he second
state of the second predeterm ned command signal were detected. 48. The
dynam ¢ random access nenory of claim47 wherein the refresh decoder is

operabl e to conj§ nueTHENBMahid Gardddd hédeSd nkthr QFOKSind QBT RAbreR @RAKSstat the

predetermined signal comprises a clock enable signal.

46. The dynamic random access memory of claim 43 wherein the second

predetermined signal comprises a data mask signal.

47.  The dynamic random access memory of claim 43 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.

438. The dynamic random access memory of claim 47 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.



conclusion of the auto-refresh as |long as the second predeterm ned conmand
signal is mintained in the second state. 1 7 APR 2006 27 49. The dynam c
random access nmenory of claim47 wherein the refresh decoder is ?Z?rpﬁﬁh[ﬁ to
termnate the first and second refresh signals at the concl usion e
auto-refresh by detecting a predetermned transition of the internal clock
signal, and to termnate the first and second refresh signals responsive to
detecting the predetermined transiti @i of the clock signal. 50. The dynanic
random access nafory Tat dyhamio dldohercedss mdraony afsclaim HE wwherdia thpesfadzshe t o
bias a plurality_of internal command signals to generate a no operation

menor YeCedeiia ierable tottsEnmatethe dirstand serondoredieshraignrly abthecsatichsion oheei n t he
f i ses: i |
e | Ater SERRCES dRORAL SCprecBichlizh GRRANAT of REL el ARG Ma Loo%h

pr edefeghifiaieether €ifst @il Sdcgid|refreshpSIRBAN eipdRkiReOto detbdtlRy tHzOpRUERhihelihe
first decoder, the timer being triggered by the predeterm ned refresh

si gnafransifipngdribe alorlagigaak ef resh term nate signal a predetermn ned period
after the predeterm ned refresh signal; and a second decoder coupled to the
first decoder and to the tinmer, the second decoder being operable to

generate a refregh copEafiflamitd ridd8n bédhs AR GHCHNBlaine (4360 Reretl dRAbfas
responsive to the predeterm ned refresh signal, the second decoder further

bei ngcirafiels apkrabicotottéasra phitralityred intefnag somowndwighakentd geherafs 2 80 oparktisecond
refresh signals responsive to the refresh termnate signal. 52. The dynamc
randoWF%‘EE‘gW ry of claima43 wherein the bias circuit conprises a
transi stor coupled to an output term nal of an input buffer in the first set
t hrough which the at |east one internal command signal is coupled 53. A
conput er syst enfl.confihe siyngmic mngem cessse mémonynaf claipr 43 edwusin s 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 coupledd 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.

52. The dynamic random access memory of claim 43 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

53. 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 input device coupled to the processor through the processor bus adapted
to allow data to be entered into the conputer system 1 7 APR 2006 28 an
out put device coupled to the processor through the processor bus apﬁapﬁgmgo
allow data to be output fromthe conputer system a menory controller
generating a row address having a plurdBity of row address bits foll owed by
a colum address having a plurality of colum address bits, the nenory
controller generating an array select signal prior to generating the
plurality of col ufvugaddess douplsd to thiproagssethivailete peicgssal bsekimedntbwg t o
a colum adgress bit and having either a first state or a second state; and

a menordptadePr SBIPEbEIMARE FDUEE SYEBry control ler, the menory device
conprising: aro LifeM| (cT=1VA 4 ress
i gnal o " appli cd  BERRRE SooNEt kincRRE AR, Mt IRVER £ LRy O ol AR LTS
t o r ecditgefollnded dyoaeobmhumidrskd hessg asplyraitys ofippluned atldrean bex,t thenakbmory
term nal ; array.of dynam c random.access meno el.ls rable to .store
data  VOPEEU EEBSTHING WA SGlert HhaLpriohio genesaiingdhy plInE el RE AT e
decodedp¢ %ﬁ@é&%%nalsé(ﬂfé@ﬁ(ﬁldﬁ{gdtow&l&ﬁﬁ Qdedsscrit b hAdRY 8RRerSl SRALEK & dat a
path circuit” operable to couple data signals corresponding to the data

bet weerseednal state;apdand an external data terminal; a command signal generator
operable to generate a sequence of control signals corresponding to comand
signal s applied tomesdReddviceeotle tdiak niedioly baltolies) themembgddevider ough a
first s@mppkingnput buffers to generate respective internal command signals,
the input buffers in the first set being disabled by a first refresh signal,
the command signal geaeowanddredsgirtibeperanld wdisegveangidagodeirow aiddresssagnalsl e t o

bi as at | east ﬁf‘gf int)e{r na cormand signal responsive to a second refresh
signal ; and RPPEHPALFXEERLBEPber abl e to decode at | east one internal
command a column address circuit operable to receive and decode 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 generate a sequence of control signals
corresponding to command signals applied to respective external terminals and coupled
through 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.

54.  The computer system of claim 53 wherein the first and second refresh

signals comprise an auto-refresh signal.



indicative of a refresh of the DRAM and causing the DRAMto be refreshed
responsive thereto, the refresh decoder generating the first and second
refresh signals during the refresh of the DRAM 54. The conputer SlyB t B 006
claim53 wherein the first and second refresh signals conprise an
auto-refresh signal. 1 7 APR 2006 29 58} The conputer system of claim 53
wherein the refresh decoder is further operable to renove the bias fromthe
command signals and enabling the input buffers in the first set at the
concl usi on of théSaEﬁhe uoefpumrsystynﬂ ef chin 5Bhwhcmi1ptheereﬁs:’y1$tdemd¢f is:lfmit]nnr53

further co n ut buffer . t.hr h, whi extern

i gnat OREPOBelooisTovEdBe SieselieRabe Smmisde LA S SRetding At FoRhOH e G npu
buf f er fl;aﬁrsaglt me%%lggoﬁyf@wﬁﬂbr@frésﬁf ?gg_h signal, and wherein the refresh
controller is operable to generate the third refresh signal during the

refresh of the DRAM 57. The corrputer system of claim53, further conprising

o genor a6 an | APorsI-SmPUEE sEtbRr s, ARher s B telR Madpi B, 7'

oper abligoligh whidh d]ﬁé}ﬁeﬁlBEclf)tlf signénflaysBe Applicdad gesdtrat Ginatetndl QERRRNYEthet 0 a
predetermned transition of the internal clock signal. 58. The conputer

syst encloek dnput puler bgieg érsr\bl@qlrém third aptresh signab rmpd i veissein the pediesh §@r6rollebr§p| ed
t t th h which th
Lo a0 BP0 P rg A P AREE R ERANEL D1 ough Wbl oh the,

cl aim 53 wherein the refresh decoder |s further operabl e to detect the

state of a predeternined command si ., and n response t etectin
first state of tRHé g_l"‘é(ﬂ:e’tn@l“ﬁf AEdee EP ¥R gfl"}&}‘er ORI HE ﬂ&gacg BEyt By EFie

COW”%&th?%l@lﬂﬁ exfdaaldibag &H’zﬁ n'ldgpr%[ ﬁ%@ﬂ?& %eﬂc?att‘: B8 ihlefrl cREk sidhall 28 £3

concl usion of the auto- refres cycl onputer system of alm5
wher ei wheten the fafeesln cd&mﬂdels opayatde icstesninate therfg st ade sexded rafjpeh sighas tespateoede

the at | east, one i ter nmmand icati e of a refresh of the DRAM and
to genddaPEdgerninerir ﬂi %?ee‘flreg?hrnlé’lﬂﬁﬂﬁ? r esponsi ve t hereto;

58. The computer system of claim 53 wherein the bias circuit comprises a
transistor coupled to an output terminal of an input buffer in the first set through which the atleast

one internal command signal is coupled.

59. The computer system of claim 53 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.

60. The computer system of claim 53 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 timer coupled to the first decoder, the tinmer being triggered by the
predeterm ned refresh signal and generating a refresh termnate signal a
predeterm ned period after the predetermned refresh signal; and 17 APREG
2006 30 a second decoder coupled to the first decoder and to the tinmer, the
second decoder being operable to geneBéte a refresh conmand and the first
and second refresh signals responsive to the predeterm ned refresh signal,
t he second decoder further being operable to term nate the refresh command
and the first and seomhdedodér @apledit@tel fiystrdzepdenahd e the tinkee, the keceal deardet nat e

signal..L 61. The conputer system of clai 0 wherein the predetermned.
refres bedieoperable s Keiresh pompeny é&g’é’ify\&%ﬁﬁéﬁﬂmpﬁé&i‘f%‘%@_ TEHRARKT
CONpr i SBShaRrdleRningd t&5dih (‘s%gﬁ’!ﬁe s&@8nd Qe AP Hirliler §¥iﬁ%e€ygybraﬁfé%%ﬁhiﬁﬁé thél
processor having a processor bus; an iInput device coupled to the processor
t hr ouglrefresh gomorand sod thesstadd pecodd tafresth Signals itspansive tdthe eefrash eaminatasigriab

conputer systeny an output device coupled to the processor through the
processor bus adapted to allow data to be output fromthe conputer system

a nmenmory control l@r TRNESAiud%ySteO¥f SdRK 88 SwitadihHe PradetéiBined YefdshraHal
address bits followed by a colum address having a plurality of col um

addr es scobiprises antautorsifioshysigrad and b refreslyeoremand ergnpaisesan ayo-sadteste corgingmdal  pri or
to generating the plurality of colum address bits, the array select signal
corresponding to a columm address bit and having either a first state or a
second state; and a nmenory device coupled to the nenory controller, the
nenory device confii siﬁgf.om}l?eéwséﬁ‘milcé@ﬁﬂﬁpgicuit operable to receive and
decode row addr essprefegaerhavingpirpceasor busin external terminal; a col um

address circuit operabhl,e .to receiyv nd de e.col um addres i.gnal s
applied to an ext'er "}Q d?‘@%erﬁoﬁg efﬂoa eﬁ?ﬁ%??orgﬁgﬂ%tﬁﬁpﬁoc?sg?%ﬁ%ﬁ?é@? stgaﬁé%r y
cel | s ofestabt entéred Sidhe céladider syster;

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 decode row address signals
applied to an external terminal;
a column address circuit operable to receive and decode column address
signals applied to an external terminal;
an array of dynamic random access memory cells operable to store data
written to or lead from the array at a location determined by the decoded row address

signals and the decoded column address signals;



witten to or lead fromthe array at a | ocation determ ned by the decoded
row address signals and the decoded col um address signals; | 7APR2006 31 a
data path circuit operable to couple data signals corresponding t ol { ABR 20961t a
between the array and an external data term nal; a clock input buffer

t hrough which an external clock signal islcoupled to generate an interna

cl ock signal; a command signal generator operable to generate a sequence of
control signals corresponding to conmand signals applied to respective
external term nals anc daopghetcliinopighle o édupld dasetigadls tarpaspollifd ®rthet O
generate respective internal connan&ggi nals, the input buffers in the
first set b ehyeen ey gndany gxeggal g@‘ﬁal’si gnal , the command signal

generator further inclygdbfiinpuihdfer &irbat WhieReh @Rlefhal Slobk signaltis cd toone
i nternal command signal responsive to a second refresh signal; and a refresh

decoder opergsBeateas IasEdelogk sigetlst an aut o-refresh command and to initiate
an auto-refresh cycle responsive thereto, the refresh decoder being further
operabl e to detect the ¢conspmdisigusl geheamitarsopefableits génemtech squamoelofroatidtségmaisned
command signals, the refresh decoder being operable to: performa

sel f - ref r esFOBRESRHWITEIRAN Fom@Rp stasals: apriddodp rrgsmtwmxgemélf E8HNas Angnd
and det ecting %% 4 i ough 2 Crifd %J%eoff'iﬁmgﬁt RLPASE §6My0ed t_ec%ﬂr"@@fivé'i%%ala”d a
first state of Fihe second predeterm ned conmand siggnafa, pertorm an

aut o- r ef r eshvoafmirdvesipRA] ih8 iILPSPOBTEDs i@ thie €iodli o baig dsiled B resihst Gefrpand
and a detecting second state of the first predetermned command signal and
a first statsigml, thheommend digpalegracratari fnabierdoemeing ashigmelrcuitpenerablericabias at

auto-refresh of the M and.generate the first .second refresh signals
i T esponse [P0t UECUENALOTRAY FEM ERPESHE CANENY "SR SBEEA i ng n 11ret state
of the first predetern pgesk QRERRE opbabR! toatdod 8CEARGN 218iEr&h ddagnarcond
predet erm ned conmand signal; and

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 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



performan auto-refresh of the DRAM generate the first and second refresh
signal s, and di sabl e conponents of the DRAM other than the first set of

i nput buffers at the conclusion of an auto-refresh cycle in respohge\PROjs
decodi ng an auto-refresh command and detecting a second state of the first
17 APR 2006 32 predeterm ned command signal and a second state of the
second predeterm ned command signal. 3. The conputer system of claim 62
wherein the clock input buffer is disabled by a third refresh signal, and
wher ei n the ref rpredetetadaekr comnfandt Bamabpardabh e stcwndgeree abé thee §deond
refresh signal along with the first and second refresh signals. 64. The
conput er syst emRSFALSIRIACGOMMRRAL gt e first predeternined signal
conprises a clock enable signal. 65. The conputer system of claim 62 wherein
the second predeterm ned . signal conprises a data nask signal. 66. The

conput er systemdsf clrherco@pudeesestamt dfeclaid Geskhetegotherclock irge haldfee i O
termnate the first and second refresh signals at the conclusion of the

aut o- [isapled by pfthird gefreshs sigggahtand ovherpia the rrefregly deroder ks fisthes ypseabde &9 gnal
dt f th j i gnal
ot oo RER EETAC LIRS ok SRSy o LR TARCARITANE 00 0 her ati ng

the first and second refresh signals at the conclusion of the auto-refresh
if the second state of the first predeterm ned conmand signal and the
second state of e sBeosampptesdwsiemnphedpimofiframaereingthgl fisé rsedpterotined. 67.

The conput er systemof claim62 wherein the refresh decoder is operable to
conti ﬁ@ag "h’é‘%ﬁe?ﬁ@‘{"%& ﬁ;ﬂgﬂ&hd second refresh signals at the concl usion

of the auto-refresh as long as the second predeterm ned command signal is

mai ntained in the second state. 68. The conputer system of claim®66 wherein

the refresh decdder iEhe opupuibl eystam tofraldinmaée whseeit ithes secand psedsterthined r esh

signal s at] the.con%l usion of the auto-refresh by detecting a predeterm ned
[

t r ansiSIEPBHeOBPTIsHE 2 [ IABIASK SIg&hck signal, and to terminate the first

66. The computer system of claim 62 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.

67. The computer system of claim 62 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.

68. The computer system of claim 66 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.



and second refresh signals responsive to detecting the predeterm ned
transition of the clock signal. 1 7 APR 2006 33 69. The conputer system of
claim 62 wherein the bias circuit is operable to bias a plurali ty1q*pr(§ 200‘5
internal command signals to generate a no operation nenory command. 70. The
conput er system of claim®62 wherein the refresh decoder conprises: a first
decoder operable to decode the at |easi3 one internal conmand indicative of
a refresh of the DRAM and to generate a predeterm ned refresh signal
responsi ve ther e®9d; aThf fEMPEEHSYEemod cldi@ 63 whereie thaaips cirpuit iy eparajei ng
trigg A r.J refr j I . ' refresh

ter i b s Sbibidfiey BEEREA SRR SRy bR« ALEp SRR Aoy SrhPabfec
signal; and a second decoder coupled to the first decoder and to the tinmer,
the second decoder being operable to generate a refresh command and the
first and second’®ef r €86 compien systempohsilsim 1@ twherpinethet eef¢shedeeateresh
signal , the second decoder further being operable to termnate the refresh
comafd™8hd®*t he first and second refresh signals responsive to the refresh

termnate signalj fifst deddiRr 6pEHRBIERS d836AE MR Rfledsh Bh&REmUN@nghind MAidakide
circuit conprises a transistor coupled to an output term nal of an input

buf f erofiaefrésd fithe DRSAM aridrto ggherateiagiteddtameaned tedmsh signal respoasiva theretomand
signal is coupled 72. A nethod af perform.n n aut o-refresh of dypnam c
‘andom access  rerdPy KAYRIEG 9 e dstsdecogsr; the, fmstrbeng PReGEG P W
comangde &tGRansl @HRsiE Qilgﬁﬁle:ﬁlld_ éeH@ratiﬁ@B bgrebsh QRIh sk @%‘naﬂé SrRBbichginkl Perib@ Ut
buffers in the first seét during the performance of the auto refresh cycle;

bi asi ndeathplpueddtérmined refieseigdalsaghal s t o assert a predeterm ned nenory

d duri th to-ref h | e; t | ysi f th t o-r ef h
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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.

71.  The computer system of claim 62 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

72. 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;

biasing a plurality of command signals to assert a predetermined memory
command during the auto-refresh cycle;

at the conclusion of the auto-refresh cycle, removing the bias from the

command signals and enabling the input buffers in the first set.



command signals and enabling the input buffers in the first set. 1 7 APR
2006 34 73. The nethod of claim 72 wherein the dynam ¢ random access nenory
conprises a synchronous dynam ¢ random access nenory that operates7i\PR 2006
synchronismwith a clock signal applied to the dynam c random access mnenory
t hrough a cl ock. i nput buffer. 74. The nethod of claim 73, further conprising
di sabling the clock input buffer duriyag at |east a portion of the
auto-refresh cycle and re-enabling the clock input buffer at the conclusion
of the auto-refr@sh clitd methipd of thamme2 whereof theldynamicirandemedasesshmemoty of

renovi ng t.he bias, of th command signal s and enabling the i t buffers in
he T FPOPTEG: e ARBRROLE Sy TANIRg. ARESERGER % Mg aperatapt SPPRIGU v ithe.
cl ock al cttsi dial hiSlied 18 RS &I aRTc farbROSLES %é}&&ryttﬁl%ﬁgh ta'c%gqu diftfael OCK
signal; and Tenmoving the bias fromthe command”signals an ehabl | ng the

input buffers in the first set responsive to detecting a predeterm ned
transition of the clogk siﬁ%gl 76. The nethod of .claim 75 wherein the act

of f ][ enovi ng the 7t§| as Theome 6fc§%ﬁ%} %‘ﬁbﬁaqoﬁpd‘ﬁﬂlgeﬁiébmi%gthﬁﬁoqkniﬁ‘ﬁm o
bu e%ﬁféﬂff;%% Jt'léa[ﬁ ﬁ?{tﬁn%?ﬁﬁ’@ﬂ%ﬂeﬁ@sh%ﬁ:ﬁ%ﬁ @&e&b&%@@??ﬂ&ﬁé@ﬂbﬁ% ngf@’nns' tion

of the gna er conprises warting a pre on
af t er atitheeoh¢lngohn b€ theraietreftashreclet ransition to renove the bias fromthe
command signhals and enable the input buffers in the first set. 77. The

met hod of claim 76 wherein the act of waiting a predeterm ned duration
after detecting Ahe d 1 . jof | rl i1 for e- hal f
the” peri od of ho ol BacSHsAn GpirL 7 Juler ey e TR O MM athiagior o

t r ansicbingtand éGmalkh@depkblad BE i bATES MRS Bktset Bempaiesof waiting a
predeterm ned duration after detecting the predetermned transition

conpri ses waiti regampnng theedogkasigna sevnlpdiirough theelogk it Sufferal havi ng a

olarity that is,different, fromthe | ari f .the predeterm ned
F ransi t ?/ on. 1 7 dﬁ%ﬁ[lﬁ%aé)r%{emmed anitiod ofttl}é clock signal; an
‘ 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.

76. The method of claim 75 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.

77.  The method of claim 76 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.

78. The method of claim 76 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.



79. The nethod of claim 78 wherein the predeterm ned transition conprises a
rising edge of the clock signal applied to the clock input buffer, and the
second transition conprises a falling edge of the clock signal appli7egprtig
the clock input buffer. 80. The nmethod of claim72 wherein the act of
biasing a plurality of comuand signals to assert a predeterm ned nmenory
command during the auto-refresh cycle 3gonprises biasing a plurality of
command signals to assert a no operation nenory comrand during the

auto-refresh cycie. 8the ThethgBt BPCIfin CTRI Whetdin fikié t hrefeteAmREd SirBsEition
detecting the state of a command signal; in response to detecting a first
st at e compripes & ommgrrdesiodnag cloglo pighaludpmijed ¢o Bieadock mput bubfernand thersgrendind

di sabl e t.he i t. buf in t first. t,. t |,usi th
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signal fromthe first state to a second state, renoving the bias fromthe

command signals and enabling the input buffers in the first set. 82. The
met hod of clai m&1, f{The metheboprelamng? wiereissibonat afobidsingct iphgalityf bf st
state of the co nd signal, .disabljn redet ermi ned conponents . of the

dy nar e AIGT AT Bs SS R A bGP EmORLCIOmeq CRRaE R FEoRBRPLs A ol o
and | RoBRBAMISRE aYRliafly boRuhiRNSEIAIOn Rbert oo R HERSS cobiBiid he
first gtgte to laggg)?:%ng ystate, ena %Iigng thee pregeterm ne conpcgnents of the
dy namderingtidomtacefessh cyolenory. 83. The nethod of claim 72 wherein the

dynam ¢ random access nenory further includes a second set of input buffers
t hrough whi ch address signals are coupled, and wherein the nethod further

per or mance of CHe apiorripor P aidiel M BRIRR 006 36 0
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.

82. The method of claim 81, 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.

83. The method of claim 72 wherein the dynamic random access memory
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 cycle; and



at the conclusion of the auto-refresh cycle, enabling the input buffers in
the second set. 84. A nethod of reducing power consunption in a dynamc
random access nenory ("DRAM') having a first set of input buffers Z)%gz‘ﬁp
whi ch command signals are coupled, the nethod conprising: det ecti1n of
a plurality of nmenory commands, including an auto-refresh conmmand; detecting
the state of a first predeterm ned comgand signal; in response to detecting
an auto-refresh command and a first state of the first predeterm ned
command si gnal , feehé condlagomnf ke autbatfreshhcyele, tehabliiMYcaingut Bffélan the
conclusion of the auto-refresh, automatically transitioning the DRAMto an
act i véespsdeet and in response to detecting an auto-refresh command and a
second state of the first predeterm ned command signal, perform ng an
auto-refresh of the DRAM and, at the conclusion of the auto-refresh,

automatical ly trgnsi t Amthed bhedRRAMpb@efcdrRinPOYEn a BV SaRR a0 des85. The
nmet hod of claim84 wherein the first predetermned signal conprises a clock

enabl anemeysidf DREM Thaving et st of|iapuh sdferhtreigh whishBRmahpighsle sira
m c random access nenory that operates in synchronismwth

synchr.onqu dyn )
a cl 08&“@?@,{3?}4’53&403&1&%1“& he DRAM t hrough a cl ock input buffer. 87. The
met hod of cl ai m&&cﬁhg lehé}ebf & ?m}aﬁ@i dTinéthSgloniifladddSirel e hid Bio-reREH er

during at least a portion of the auto-refrésh and re-enabling the clock
i nput chwffapd; at the conclusion of the auto-refresh in the event the first

state of the first predeterm ned, command.signal is detected. 1 7 APR 2006
37 88. The met hd§SEFNEf th@?ﬁ%’é?téirg&? I%F@'[COB'fmiﬂﬁ'Sf‘%‘?aﬁi ng an auto-refresh

of the DRAM Comﬁiﬁs%%ﬂgé f%a@étéd%&fgtd?le%dt@-l?éﬁesﬁl&)ﬁﬂa%di dhdtd firdk isfatd of fife MW 1 NY
t he perfornmance o the auto-refresh.
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.

85. The method of claim 84 wherein the first predetermined signal

comprises a clock enable signal.

86. The method of claim 84 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.

87.  The method of claim 86, further comprising disabling the clock input
buffer during at least a portion of the 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 predetermined

command signal is detected.



89. The nethod of claim 88, wherein the act of perform ng an auto-refresh

of the DRAM further conprises biasing a plurality of conmand signhals to
assert a predeternm ned nmenory command during the auto-refresh. 90. {Th&PR 2006
met hod of claim89, 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 firgt set at the conclusion of the
auto-refresh cycle. 91. The nethod of claim90, wherein the DRAM furt her
includes a clockgg i Nnpihe Hiéﬁﬁo%roftd‘aﬁﬁl ﬁﬁ%lar‘é?r?th%rhc%f' Eér@é’rlrmﬁé%kau% Harf@sﬁ
generate an internal clock signal, and wherein the act of renoving the bias
from tof éhQ:BRnPd‘rid:ompgrsas élsabidlwhahnpum puffews in thpufirst betfdueing the petferdncstof set
conpri fan;hlnl ng the internal clock signal; detecting a predeterm ned
transit ’?%‘H"d‘? ¥e internal clock signal; and renmoving the bias fromthe
command signals and enabling the input buffers in the first set responsive
to detecting a predetermned transition of the internal clock signal. 92.
The net hod of cl&i. m 9TheumethedroftchemaRs, whicreie thevich of péréormiiag afi raato-tefiesh
command ghal s and enabllng the input buffers in the first set responsive
to detoéc‘?‘P PRAMp frther e?‘?ﬁlﬁé‘ifst]?l&ﬁ%gt? Plurglity; 19E commandy signabe Ko spsged| 2
furth ration after detecting the
prede?erm neéﬁ‘e’?ﬁg%@? )H: gn(égﬁn%%hgﬁ{e%glégsﬂ#rom t he command signal s and
enabl e the input buffers inthe first set. 93. The nethod of claim92
wherein the act of waiting a predeterm ned, duration after detecting the
predet er mi ned t r%hsi t Tmmetiegof stasm\ g9 t"ihﬁ{'j’lﬂ@'#e%ﬁ@ Pﬂlﬁ?mtlhéaﬂﬁéﬁ sdresth t he
cl ock gi t e L nsi APR, 2006 38
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dur at itkinght RIffeirekkififg deha the eSIRUKIIH di&ﬂe ﬁﬁt@&éfr&shmycmrmrl ses waiting for
a second transition of the clock signal having a polarity that is different
fromthe polarity of the predetermined transition. 95. The nethod of claim

89 wherein the agt of bl asing & HLUY &) IiNerSh 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 sign‘als and enabling the input buffers in

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

92. The method of claim 91 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
predetermined duration after detecting the predetermined transition to remove the bias from

the command signals and enable the input buffers in the first set.

93.  The method of claim 92 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.



command signals to assert a predeterm ned nmenory conmmand during the
auto-refresh conprises biasing a plurality off command signals to assert a
no operation nmenory command during the auto-refresh. 96. The met hdd &RR 2006
cl aim 88 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 buffersggin the second set during the
performance of the auto-refresh; and at the conclusion of the auto-refresh,
enabling the inpgd. buThemsethed bhelaincINeherin tHR7act Dfaviithf adpieiietehaingt 84
wherein the act of automatically transitioning the DRAMto a | ow power

pr ec hatatiqnoefer detesting the piedeiemiingg ipnstionsomprises waitipgfent secopd transitidynani c
randomagccess, nenn at the.con si gn..of the to-refresh. 98.. The. nethod
o e Frock TR P D sl R it A et 26m 30 BoleBi, 7 e RSHBEHERES o

t he dyiaRitenl andom access nenory in response to detecting a transition of
the command signal fromthe second state to the first state. 99. A nethod of
reduci ng- power consunption in a synchronous dynam ¢ random access menory

("SDRAM') having,a first set of .input huffers throygh ich c nd signals
are coupl ed and ?ﬁcl oi‘Ee i‘ﬂ?ﬁ}?‘?lﬁ’éfq‘qg‘m @ﬁrﬁsﬁaﬁlﬁh%ﬁﬁa%ph@éwgﬁgﬁma 1% of
coupl edmrhiig RRMAIRA (e A5RH 3! PRdettrmlinfndfOs 3&:19%80&156&% ?ﬁ&'&uﬁﬁc-fjéfresh .
plurality of menory conmmands, including an auto-refresh command; detecting
t he staimprsks hiabingsitplpradickedofcomment signats tdassenaalo; opeddionanemgryt bemsinad e of a
second, predet erm ned conmmand signal; in response to detecting an
aut o- re¥Fmgdhe aYRwaliettand a first state of the first predeternined command
signal and a first state of the second predeterm ned cormand signal,
performng a self-refresh of the SDRAM

96. The method of claim 88 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.

97.  The method of claim 84 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.

98. The method of claim 97, further comprising enabling the
predetermined components of the dynamic random access memory In response to detecting a

transition of the comimand signal from the second state to the first state.

99, A method of reducing power consumption in a synchronous dynamic
random access memory {“SDRAM™) having a first set of input buffers through which
command signals are coupled and a clock input buffer through which a clock signal is

coupled, the method comprising:



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 17 App 2006
predet erm ned conmand signal, performng an auto-refresh of the SDRAM in
response to detecting an auto-refresh conmand and a first state of the first
predet erm ned conmmand signal and a second state of the second predeterm ned
command signal, performng a | ow poweyy auto-refresh of the SDRAM the | ow
power auto-refresh conprising disabling the input buffers in the first set
and biasing a pld—&&éﬁh?ka&fl o?@rﬂi'ﬁﬁﬁty o?‘rﬁ&%ﬁy_ ddnRERE, ‘inﬁud?ﬁggﬁtaﬁfoﬂ}eﬁ%gh menmory
command during the auto-refresh cyCle; and’in response to detecting an

aut o- cefrmemkd; cormand and a second state of the first predeterm ned command
signal and a second state of the secgcrd pr,edeterm'qulfgd command si gnal ,

performng a | oWe5EHEE B state ol plustpredeterunespompmandisiendls ¢ he conclusion  of
the auto-refres ] I :9]%?] : SDRAM the | ow
power precharg21f:(t:éc?f:e}i}%1 ?@%gﬁﬁgggﬁnﬂgﬁ@%e&%ﬁgéﬁ 0 QIH]% M ot her than the

first set of inpntrespontd ey detedtfiy. anlhrorefidshdoafmaidind Grskefteon tHehfrsact of
per form n(tg a_low power auto-refresh of the SDRAM further conprises
di sablPFssistamancd) semmang utigmalf andr a first sigteaef (theysecond predetenningd eammpady power

aut o-r, }(gﬂ. nekhad J 100, further conprising re-enabling
t he c!s EEE%{pu “Eé&%&&;‘?a}%@‘%gﬁ‘@épn of the auto-refresh in the event
the first state igfreigimsé itd Feteciiadptatiodeiosh commmng i adcohd sit ¢ltps. 102
The met hod of claim99, further conprising: 1 7 APR 2006 40 renoving the

bi as firgraredriersunehremsiagd signahaeyd adbgl statg of ke sespnd prdeteeminedrcontraand r st

set ats.thle cr&ncl.usion gf %%%ﬁ@ RQYIE auto-refresh if the first state of
the firHESE" PR RHRTEARMET °q ‘and the second state of the second
predet erm ned CQA¥BIHdnsS IOBRECMR! & HRS-SEH&QH; coRffardPAral AkiFdt Rehtd BERI @S t 0 the
command signals and continuing to disable the input buffers in the first

set atredetermored| emnmand igrihk ahdw geoevst statst of thefscestil pfedeteemied owhsat e

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.

100. The method of claim 99 wherein the act of performing a low power
auto-refresh of the SDRAM further comprises disabling the clock input buffer during at least

a portion of the low power auto-refresh

101. The method of claim 100, further comprising re-enabling the clock
input buffer at the conclusion of the auto-refresh in the event the first state of the first

predetermined command signal is detected.

102. The method of claim 99, further comprising:



of the first predeterm ned command signal and the second state of the second
predeterm ned comrand signal were detected. 103. The nethod of claim 102
wherein the act of maintaining the bias of the command signals and 7 4PR 2006
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 comand
signals and continuing to disable theg nput buffers in the first set as

|l ong as the second predeterm ned comrand signal is maintained in the second

state. 104. The meichad @t bidsatdh H2codhabed fighdle 2R bnmlmgqn@iﬁpﬂg bhfiershthas

from the command signals and enabling the I'nput fers in the first set at
t he cdhelfugi ssh adfthe kenclhson pdvibe Iam pewet m-mefmhplrﬂ thedirstestatei of tie filet cl ock
Ied hrou h,the cI uf f detecti determ ned
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si gnal D eNBRd fe input buffers in the first set respon5| ve to
det ects?gfl]g aepredetée}gr?‘lhned transition of the clock signal. 105. The nethod of

cl ai m 104 wher eimainkeéniagtthebizsetwothengnirhand sigaalk ramdh cdrimaumgnmﬂdaislbgthal s and
enabl i ng th i nput ?uffers in the flrst set responsive to detecting

predet"él?%bﬁ rSthéh% 1F5t 86 4 the spuchispriet dhgylom PawiT R Tedessp if %1§§emidt-‘atqi@ a
pr edeto?rtlﬁl@eﬁﬁs? ggéé%é{e?ﬁﬁ c%frﬁrﬁén&jﬁgﬁ £l A9 é?e%o eng‘{f% fﬂteﬁggqx{ﬁi pﬁ@&%}t&ﬁﬂe& 0

renove t romthe conmand” si gna S an ers

the ficosimaeisigrb] #efPRte€6 41 106. The nethod of claim 105 wherein the act
of waiting a predeterm ned duration after detecting the predeterm ned
transition corrprises waiting for one-half the period of the clock signal

af ter detecting e Predghifidpeth b AASd: AR ind O of HipllBiOfe Hacd Gy 105

wherein the act o |ngapre m ne ion etec |ng

pr Edetc@ﬁmai'ﬂcblﬁﬂaﬁ’d\&id td?iﬂmﬁﬂ@lblcﬁﬁ%lé/ﬁbtm bhﬁ’ersanaﬁe:ﬁm skf &nBé Ebdlusion t he
clock signal having a polarity that is different fromthe polarity of the

pr edetoérthe fevd powenauioriefash m&pnsasemmtamag dhe biagjah the comerandrsignads asd of
bi asi Bnfnf ng £ d:sagle tfhe input buffers in the first set as long as the second predetermined

command signal is maintained in the second state.

104. The method of claim 102 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

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.

105. The method of claim 104 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.



command signals to assert a predeterm ned nmenory conmmand during the
auto-refresh cycle conprises biasing a plurality of conmand signals to
assert a no operation nmenory command during the auto-refresh cycle. 109.
The method of claim99 wherein the first predetermined signal conplri $8% 2086
cl ock enable signal. 110. The nethod of claim 99 wherein the second
predeterm ned signal conprises a datg;mask signal.

106. The method of claim 105 wherein the act of waiting a predetermined
duration after detecting the predetermined fransition comprises waiting for one-half the

period of the clock signal after detecting the predetermined transition.

107. The method of claim 105 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.

108. The method of claim 99 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 2 no operation memory command

during the auto-refresh cycle.

109. The method of claim 99 wherein the first predetermined signal

comprises a clock enable signal.

110. The method of claim 99 wherein the second predetermined signal

comprises a data mask signal..





