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lemﬂmmmmwmm present invention relates to conputer systens re

partl cul present invention relates to a power failure node for a
conmput er sysggmparenory controll er. BACKGROUND To i nprove the perfornmance of
a conmputer system an Input/output (1/0O 10 processor nmay be added to off
| oad various |/O processing chores. FIG 1 is a block diagramillustrating
an |/ O processor 100 and rel ated subsystens. The 1/ O processor comruni cates
with a host conputer system (not shown in FIG 1 ) over a primary bus 90. A
bus that conplies with a Peripheral Conponent Interconne dard
{(e.g., PC Local Bus Specification, Version 2.1. a copy mmmmmnﬂ‘ w may be
obtained fromthe PCl Special Interest Goup) is an exanple
primary bus. The I/ O processor 100 al so communi cates with varf#ds 1/0
subsystens 110, 120, 130, such as a network interface card or a hard disk
drive, or "disk," subsystem 110, over a secondary PCl bus 95. The I/0O

processor may al so comrunicate with a |ocal nmenory 140, generally by using
a nenory controller. 20 When the host conputer systemtransfers data wth,

of 1 ho 1 ransf er  of QNI TN SAPE BAR 4 MEMURY CONROITRR| ' rory "

140 will contain any data that was recently transferred between the host
conput er system and the di sk subsystem| 10. This data in the | ocal nenory
140, known adlBELDcache," may be accessed by the I/O 19 D E C 2002
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conmput er ssystfieandviftondeilestsRpystemithrelodet fBEa LéhbRECKGRESOMeAIGy | 00ks
first in the local nenory 140 cache. If the data is already there,”the 1/0

' 5 processorcof@dllavoi ds the tinme consuming task of accessing the disk
subsystem 110. This allows for significantly enhanced I/O and system | evel
performance. Such a cache may be used, for exanple, in server applications
for either nefNoRKRWOURND storage information. Specifically, an application
may use the |70 processor 100 and 128 negabytes (M) of |ocal nenory 140 to
i nprove the perf orfmimgmovd the peffoSnaick oCanpuperr Syetre an ImpuwiGupe (/STSI )
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block diagram illustrating an I/O processor 100 and related subsystems. The 1/O
processor communicates with a host computer system (not shown in FIG. 1) over a
primary bus 90. A bus that complies with a Peripheral Component Interconnect
(PCI) standard (e.g., PCI Local Bus Specification. Version 2.1, a copy of which

15 may be obtained from the PCI Special Interest Group) is an example of such a

primary bus. The 1/O processor 100 also communicates with various 1/0
subsystems 110, 120, 130, such as a network interface card or a hard disk drive, or
“disk,” subsystem 110, over a secondary PCI bus 95. The I/O processor may also
communicate with a local memory 140, generally by using a memory controller.
20 When the host computer system transfers data with, for example, the disk
subsystem 110, the I/O processor 100 may store a copy of the transf;ncd data in
the local memory 140. If so, the local memory 140 will contain any data that was
recently transferred between the host computer system and the disk subsystem 110.

This data in the local memory 140, known as a ““cache,” may be accessed by the I/0



~ to the 1/ O processor 100 is eventual ly stored on the non-volld D&l @)BX
subsystem 110. If the data was not noved fromthe |local nenory 140 to the
. di sk subsystem 15 110, the data may be lost if a system power failure
“occurs which causes the volatile | ocal nenory 140 to power down. Thus, the

Iocal menor é)t&&gso"‘rh%lfgstéﬁhﬂihetdgﬁlﬂ'ﬂﬁ‘dlﬂ@ﬁﬂﬁyg%qmal so referred to as the
"menory i m -- even in the event of a power failure. To allow this, the
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menory types, such
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continuously given a new electric arge, or reshe few
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refresh function is usu perfor controller inthe /O
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outage or W@&eamagﬁ% QLR kafiBle By seb 3 2B IR ¥ i@?%ﬁgilrﬁe&wmngéso lose

power. In thrs cas he menory  control € to refresh the

DRAM Even Isiorhﬁwlrm%dnbas Shadifiedlly, hagpplipatiorpmag use thed/Orproeessor me@e wi | | be
lost if the DRAMis not constantly refreshed. 30 Therefore, sone 1/0O
processor desfddrs$ m"’rﬁ?bﬂ‘ﬁé(r}ﬁﬁ) eblogsl mgmopy d AP to impieva thepssfarmansesf sSpeci fi ¢
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Unfortunatelmlmuﬁk@mmﬂmare expensive and nust be specially designed
for a particular system Sonme nmenory types that need constant refreshing J
al so have a "sel fOreglisadyantage ghech a§9‘ﬁ‘3§’rﬁ>’éﬁ6ﬂ§ thrtanesswDRANAL 21 datasenta

Tenory type.; Wenol e oy ;e At ohl Slor gL RRIMALSELL[S! T esh

conmand, t he® contlnuous y're I'tsel NOMo

l nternal | 0gi10. anthetdaewss no iselel froaf hesbeal BRIMOTE 198Yo BR disedbsfmexanpl e,
to inplement a | ow power node in a lap top conputer. |In such a system the

SDRAM r &% r esHés thetdﬁéﬂ mayhe tost He %ﬁr@r@wz@@ faibwe pesurewhich qansesibg welatiley
power ed- dOV\qO a tr%%%ﬁ?rgp 4?% Slvér Jl ur Tlglggfzig ?c?%ﬁer‘ﬂ{%{vc\%%qga tsﬁoul ré{ Hé need

rel oadi ng wheh conpu ower system

can rapidly digt ¢Hche detaDalEsredferbgietoak ki@t mebhery SRAM s ehvén Frﬁtﬂaé@ﬁé’htf&at ure has
only been used with respect to intentional |ow power nodes, not power

failures. 15poveraibieof oeHewrtbisaleiarg memapetdGriax be sppplied with hasterand
apparatus t hbackup power.

20 Certain memory types, such as Dynamic Random Access Memory
(DRAM), store information in cells using a capacitor and a transistor. Because a
capacitor may lose its electrical charge rather quickly, the DRAM is continuously L)
given a new electric charge, or “refreshed,” every few milliseconds (msec).

Consider a local memory 140 that uses DRAM. The refresh function is

25 usually performed by a memory controller in the I/O processor 100. If the entire
system loses power, such as during a power outage or when a power supply fails,
the memory controller may also lose power. In this case, the memory controller
will be unable to refresh the DRAM. Even if the DRAM has battery-backup
power, the memory image will be lost if the DRAM is not constantly refreshed.

30  Therefore, some 1/0 processor designs include an external agent, such an

Application Specific Integrated Circuit (ASIC) component with battery-backup

b



“retains information in a | ocal memory systemduring a power ¥%iDREG g002nd
sol ves the other problens di scussed above. SUMMARY 20 In accordance with an

. enbodi ment of the present invention, a nethod of controlling a nenory unit
having a self refresh node is provided. It is first determned if a power

failure has &%rtha%frkiheetmm ﬁiﬂhlé%@ed?%?a?ﬁ@b‘ﬂaﬁdre @ﬁshamﬁa;re_sh
command is i'ssued to the nenory unit, the self refresh conmand acing the

mermory unit ASIQ tempaiehtsrazé expghsivo ded m2st IBRpEFalDEGSRIRT IfGN ﬁﬁ'uEﬁHEr DRAW NGS
FIG 1 is a block diagramillustrating a known I/O processor and rel ated
subsystens. ¥F@M-2 is a block diagramincluding circuitry used to inplenent

.a menory 30 cont r@Arh@rne%\egiygteémauﬁ@edr&qaaﬁqsﬁéémgqalwhm LIQIAERL of the

present i nvention FIG 3 illustrates a sequence of
si gnal s &issanbdd. eSynohtdnoas PRV (EBRIAM pissocioa diengry typan Véhndottie mentorpf t he

wpresent invention stra veforns, t ha be used to

i mpl emrent a %FFBF?’%?B% %Iqufefeéﬁefs fammand t %&%B@f\ﬂgvl Ho an enbodi nent
of the pres NS, i t di agram
accordi ng to&éﬂﬁlé%f &trfrﬂg%?lt%étﬂ&()&ré@g ¥ I n&%’ﬁ‘?.‘lé Ié%n?g%é§|§tsglfbl ock flow
di agr am of arcﬂ’eithﬁdtufr@mambbemhfora:xpmw td iaglement AUow pae@e idids ¢n & tapan

enbodi nent of the present invention. 10 DETAILED DESCRI PTI ON An enbodi nent
of the presefP cPRPBISEi Bnsych agyyems he SRRAMs{teshes itself pdendhranemerya nenory

control gﬁf %}r%L]u ! Q&%Aanygswed &oqv tt;%xféhawag ngeegseaﬁsé HGoRprts are

desi gnated by e re grence’ huneral's L hroughout owWs C|rCU|try
used 15 to idunkedneddn’ Szt ralop)dmgwh’emtlieuap-tasdenpu@ernmsyhd:lom;fmdrer 200
comuni cates with a | ocal nmenpry subsystem 210, .such as_an SDRAM array

usi ng menor ymeghthoiysienyeaq @Pldbh@%m?m@é Apsration  ThBPRAM selfweftash be
for exanpl e, f n th a
nost *comput e aaps et bt el SRATE ot e oriPI P I ERBHRTh SRl
failures.
15 In view of the foregoing, a need exists for a method and apparatus that
retains information in a local memory system during a power failure, and solves the

other problems discussed above.

SUMMARY
20 In accordance with an embodiment of the present invention, a method of
controlling a memory unit having a self-refresh mode is provided. It is first
determined if a power failure has occurred. If a power failure has occurred, a self-
refresh command is issued to the memory unit, the self-refresh command placing
the memory unit in the self-refresh mode.
25
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram illustrating a known 1/0O processor and related
; subsystems. -
FIG. 2 is a block diagram including circuitry used to implement a memory

30 controller power failure mode according to an embodiment of the present

invention.

(V8]



- 20 The nenory controller 200 is normally responsible for refrgagjﬁq‘uggﬂ?e
SDRAM array 210. According to an enbodi nent of the present inv , th

. menory controller 200 issues a self refresh coomand to the SDRAM array 210
, when a system power failure is detected. In this way, assum ng the SDRAM
array 210 has bat FEGy3 hstcaps pesymenanst sighabupgaeidtaeidwily a pbeeafpiuapr i at e
external logic, 25 the nenory i mage may be preserved even if the nenory
control | er 28GordiRgto ayemnbedipeiee! thppigeent gryepH@n.SDRAM array 210 may be
ensured with any ( reliable

met hod for sw tch?ﬁ%gﬁgﬁ'\%gégg g@ﬁ%&ﬁ%@\%ﬁrpﬁg%ﬁ%&t ery- gggaﬁ%’e&? r. \Wen
syst em power cdrfollen powtRiliRMGde 206idinY toeh eZ2{Hddimkent bEGkdPeesdBd Nt ai ni ng the
SDRAM array 210 refresh cycles. A 30 detailed description of the circuit
shown i nSFl Gnventgr.| be provided after the meaning of various signals in
the circuit, inclygding.the I S Sj 4 1 . E C 2002 .f
are di scussed. FI E?G?,gllslal%oﬁérrggllgusrgg%gggﬁéen%g@gp 21r‘r:g(gr}taﬁlrrf tggrr]ltep}%oﬁg?e 00
signal s and gmaBpEeseasiAtémiond With a power failure, and their relation to a
system cl ock signal (CLK), ' according to an enbodi nent of the present

i nvention. Upon i Fl@i &is akdaek floy diagram of gursthag iopmplemegi agower fatloe de a
system vol t age ,l evel (P R) that increases at. a rate based on the type of
power suppl yf%&ﬂ‘aa?“r?é‘*‘ﬁ?é%‘&%PQP&E&HEB@SPéesﬁfﬁéav“i“ﬁ"?-he system The power
supply @hten provides a power good (PWRGOOD) signal to indicate when the
vol tage has reached a reliable level. Simlarly, the power supply deasserts

t he PWRGOOD PEGAdLERWBPESCRIPTIDN age | evel drops bel ow a certain 10 mi ni rrum/_,?}
t hreshold. The P s,. gnal owever . nmay not,.be ailable.to the nenory{_.
control | er 200. FOP e&[é Sr,?t qfﬁ‘ge %WVVSB%?’}@C’I“&‘C%&& REYeBINGROdE  an

I /'O processoforthaémen donGoImE rmamg ol iR del@ D s drERIARY WieratY Bike ?h&é” ough

a PC interface. In this case, the PWRGOOD signal will 'not be routed to the

menory 15 coaterdskigeated®p likghefershos pumenlsahtsudhomtnilCo shers presapusedivent i on
uses a PCl reset (P RST#) signal, which is associate i a pin.in the PC
ntorfads, 0 BEIGPRTRECH p PRVRCUURY PR S LT ot Hist 20 perBeRieisal  Bus

Speci fi cat i of,;ReMbsAIGRerRord suBslstat 280,10 aCREDR AR BYRGER s%%t is

deasserted, the P RST# signal 1s asserted in order to fl oag buffers.
In the speci toradl isigmalst e tmnereorwivontrole 200. PhiRE T#uld ibgnfak eksnplsgemt &fd i n

response to thﬁ ower rail goi n%agut of specification (Tfa,ig IS ‘;he

m ni mum of : oY (fpr%?)ssﬂ%syﬁe IR I PR 'C?‘S\i"‘l'ﬁ‘gad?qs{bcmmﬁrf Y858t cat i on,
or exceedi ngq jﬁ@%g{,&r@p@p&@y more than 500 mv; or (2) 100 ns from

the 5 Vrail ftalling befowthe 3.3 Vrail by nore than 300 nV. In other

wor ds, t0e P RST# Thegmahory sonseldar 268 inh@mappwespobeigle for tefreflahg theut of t he

25 appropria threshold. If the P RST# signal i.ndicates, a true power
o tor et o DBy 21be Asspprets Trer e SER QU R RO D e o B RsT

signal indi c{BR,rRRYn®8IeR06 ML d Qif-reirfash FRAMMAL RY SHRAM drfayD1GP! Y be

power ed down. NS
when a system power failure is detected. In this way. assuming the SDRAM array

210 has battery-backup power and is supported by the appropriate external logic,
25 the memory image may be preserved even if the memory controller 200 loses

system power. Power to the SDRAM array 210 may be ensured with any adequate

battery-backup source (Vy,,) and a reliable method for switching between system

power and battery-backup power. When system power returns, the miemory

controller 200 may resume maintaining the SDRAM array 210 refresh cycles. A
30  detailed description of the circuit shown in FIG. 2 will be provided after the

meaning of various signals in the circuit, including the clock enable (SCKE) signal,



"' Because the nenmory control ler 200 uses the P RST# signal t$9dBEErogoRe if
a power failure has occurred, the P RST# signal should remain stable, or
"bounce" 30 free; and the gradual application or renoval of power shoul d
“not result in spuri ous behavi or. Moreover, upon power-up the P RST# signal
shoul d be hehg ﬁﬁ yptil it 5 19 DEC 2002 is officially deasserted by
the system Finally, the P RST# signal should be asserted when there is
still an adequateFaGDBuniiusohtesalsequwhee plonenonyewairoller@ 00 Fignalswindlevertye t he

menory controller 200 SuffICI xecute the required processing in
response to BHECHHAEYit élpPEYFE F\'EW@"@W‘VOWWB‘I ‘ﬁ%‘ﬁ( sigerl deLEomi nes

that a power :2sh Qﬁrgcqtnag § dto the
SDRAM ar r ay Eg Irémf‘%?% Q@%%%gﬁfg{%ggfstgg P ﬁ%ﬁtéﬁkmrygy (5 tﬂ (c))évaeut%I gﬁagnousl y
refresh ist sepbwanshpply Bdginstotgrevideavysyen nolge |dleb (FRDWER )ahdtdycraddds wi d |

semain in the self refresh nopde as |ong as a cl ock enabl e (SCKE) signal
renai ns | ow rapg, hasedon the iy pecpt oReEr %Hpgb/aand the prstigplprRmpenepts uged Wéhﬁry

[ oadi ng on R G EPUNEY SR ERo L PRI B VE o Sid

operati on, thmlmémhyn ﬂmn\tdlmgé ais 26chedayelivdkoeta. Grmﬂalﬁmmr&spgy t he
SCKE si gnal to the SDRAM array 210. For exanple, according to an enbodi nent

of the presedgasseriethePIKRGQOP signalwdon the velage Jeyef drops PSIODL%FC‘T*WI i ne

Menory dul two nenory banks, the board | ayout will
distri bmbe S&{Egé%a%ﬁoﬁ% bot h nenory banks equal ly. Al though the nmenory

control ler 200 is TheiRWRGQODaignahsokerf miy Aadrsenilibigid the nk@drysi gnal
when the self refresh conmand is jssued, the SCKE signal renmins deasserted
t hr oughout t entsRies20BokAr penRie thememor ¢astrollers00anay bhe part eban FOI | er 200

nas 1 oSt Sy SLEMBOWRI off) Gy BRe£0RE TR AL ELE mbHalyg ext or na

| ogic to con Fmaal S|gna nenory controller

200 | oses powgerfade. Immmseasethemxmocaﬂ) slgngli wilI'fRY bs t@Redtdl thi Agnidie SCKE
signal | ow once the P RST# signal is deasserted by the system FIG 2

i | Tustraltdes |ceg¢@11¢r800a'r§m§¢ré, aycebogimertjof thefpresgpt Wivesidnsusas & P seseled,

this logic up at t Fl G uses an
external Pr gggam ag’g\?/ﬁg %ﬁ%(s:oe %ﬁ@ﬁgfﬁ nlot\l/}/g?gd tel@ e tobdet%?rgmle backup
(Vban). The EMDT)@\Z& fﬁﬂwrebﬁs ot @fredX G IPEY meamigespearemoxﬁmhgodlza;gr am t hat
turns on the pull-down (Pull SCK gnhal when the nenory controller 200

deasserts SCighcates mh@mﬂlthmé@@ﬁhﬂlgnaﬂ Hedepgssried.dhe DIRSBhaignpds t r ansi st or
220,eour e Vo AL, Bl e B Rt Bkl i L1
Vbaa is mcti e RS s?éﬂﬁElsSdsgeﬂﬁd ih $espb|1|1§e361 thiqwl’\lveif eaik@sifg bﬂtﬁ)f@@%ﬂbﬁlon ~9DE
C 2002 (Tt is the minimum of: (1) 500 ns from either power rail going out of

specification, or exceeding specified tolerances by more than 500 mV; or (2) 100

ns from the 5 V rail falling below the 3.3 V rail by more than 300 mV. In other

words, the P RST# signal is asserted when power begins to fall out of the

25 appropriate threshold. If the P_RST# signal indicates a true power failure, then

Vypay Will be supplied to the SDRAM array 210. If the P_RST# signal indicates any

other condition, the SDRAM array 210 will simply be powered down.
! Because the memory controller 200 uses the P_RST# signal fo determine if

a power failure has occurred. the P_RST# signal should remain stable, or “bounce”

30 free, and the gradual application or removal of power should not result in spurious

behavior. Moreover, upon power-up the P RST# signal should be held low until it



- .: array 210 in self refresh node. Wen system power returns} StBECr20§2ng
edge of the P RST# signal deactivates the Pull SCKE signal. At this point,
the nenory controller 200 may reliably control the SCKE signal and drives
it low. Referring again to FIG 3, 5 when systempower is restored the P
RST# si gnal id sffisialgrdeasicited by therspstemy Rinuily( thelFe RSA&Gignahshonld be 1/ 0O
processor is reset, the SCKE signal is held | ow by the nenory controller
200. A fi xedssseed Binepthere isestiflnadequaie pmaunt of grltable nevey egraainingy This t o t he

200 asser s e e RErERirE PR 200 AL AT Breck RIRARI ° 10" CCquence

does not chapgessi MspodBé he powbefaitarery control ler 200 may now resune
refreshing the SDRAM array 210. FIG 4 illustrates waveforns that may be
used to 5 mpl enentWhenethg swspory gpnigelier 208 detegnigpes that 2 ppweifailyre has a dat a

cl ock (DCLK) signal, .according to.an. i h sent invention.
As expl ai ne8°?lﬁ%gie?gflf'r%gqsg\ﬁ?g‘[“hagdJ\%{fg@ﬁgrg{gi@g#wjé{rg)é? ([a(?'aiﬁllsons,

performed byomfindRaABdEY tEOSHRAM efray 000 td dvddnoploigly refreshSRfMnar ray 210 in
self refresh node. When the nenory controller 200 detects the assertion of

the P RST# shajniain the memary émagd. Thes SPRAMariay 240 edll remaisdn the selfy be i nval i d
during the P RST# siqgngl. The nory.c |1 er.200. wajt foyr DCLK
cycles to alrfggﬁh%‘ﬁfl%ﬁﬁ%’}ﬁ?% c'%‘%ﬁl%&ﬁ&%@ﬂf%b?%ﬁ i“)fN;a/I,Lhaéch €as read 20

bursts, ¢ 0 G slRaNehatgolvIRH! (8 Rem&ryRENR6168 200 Lan FRIRRBEEMild e SDRAM
array 210. The precharge all command precharges both SDRAM banks and sets

bot h banks tS®RAM areayt2 e Drsde. higholoadiogenttheS GKEtignagendidtheconmand, as with

ot her conmmands .issued to the S M ar r.aﬁgtgl 0, the %ﬁ{@%ﬁ@?nt r ol I(gr 200 ma;?_)

set vari ous “CBHBTTRAYSoMEDSP SPEE G SPFBIP AYIREITBIONY & BRANECEL shown

in FIG 4 %ive@we%@gﬁiesanﬁewc@@mgig\%ﬂ@m@%&%%)z]@ & dkgmphddr ess
Strobe (SCAS#); a Wite Enable (SWE#); and an Address (SA). After

deact i vat i ngcbotingSoRARMbadinsentbf thetméseptriecmiogeifallelSBBlrﬁMraday 2he imenory

control | er 200 [ it a fix iod af time (T~),, suc h as . three DCLK

cycl es,1 ndﬁ%ﬂgﬁa%ﬁ%%Mﬁﬁ%ﬁﬁMkﬁm&o Wﬁéoﬁ)maﬁif’é??g%d i?%hnd, 30

whi ch can be, sk i anks are inactive,
evifditriblte pSle@ri?EgBr gﬁ% ¥ B&f{ nferorMbaRk Kby

causes the device to a single refresh cycle automatically. The
menory contr ol | erAlthough $hdOmEmBr2Gi@roN0020ty 1ihielly waponsiblé forattassertirpd of

e SORAM artPEgCREGHER ahes URCSeiBhet SRt @ o 6¢ SCETGVERN am accor di ng

to an enbodi : hfRS [ i Th&ist &b ' esents the
behavi or of rt gﬁ]?rg%%srrsé%éﬂcont ? %Ttltgélﬁ%%p%btﬂri ‘%3“’31’ po@e@?%ﬁ%@gg{)ndi tion.

Si nce tke neoonylla@dOrhak last sy06n pewer. t Hes ey betdooe asfshowe iPFRB 1 usingnal to
initiate the power-failure state dia t he nmenor ontroller 200 may be
reset wi th EXFDIELREC R aipRa Pﬁelﬂ@%@%ﬁrﬁl@?‘dﬂaw Whay{be iemary qantiglicray

et orm nod by doer gRrebyERCYRE BORRRMon oy SRp3 e S RUICNATR, T or )

bus may be ilgwamee the it IRS THhsigmat indeassentet beltheesysO0 Wik silthsteatedipgivay of
exanpl e, four clock cycles in state 310. The four. ¢lock cycles allowr ~

any pi pel i nelgr serala Y¢hRsteeel dhive sieaplrgredesireduiis logic mayerertipljeatad | -
command,is 1 SsuelniedimERV MO if F76.22 36l an Skffal PR RRERAN OGR) |

command Ts issued, an auto-refres command 1S 1SsSuU

state 330. HDe&dtd PLD)R20@Merddby the bagéryamnten@ 9. ITherRid 220 triag BBPRAM i n
state 340. Note that, regardless of the initial state éhe stat e di agram
may end up i{oF EFENRIE AR edge detegistate diagram that pngery the pull-down (PullSCKE)

signal when the memory controller 200 deasserts SCKE_,,. The PullSCKE signal,
the resistor 230 and the transistor 240 ensure that the state of the SCKE signal,

30 which is input to the SDRAM array 210, remains low when power has failed. That
is, as long as Vi, is active the SCKE signal is pulled down 1o keep the SDRAM



before the P RST# signal is deasserted. FIG 6 is a block fldd DEQEER of a
nmet hod to i nplenent a power failure nobde according to an enbodi nent of the
. present invention. The nethod shown in 20 FIG 6 may be used with a nmenory
controller and a menory unit that ( 1) requires refreshing; (2) has a self

refresh node; : i nput that nust be held | ow while the
| ocal rrermryarir%p?lnéggaeharrag?%het? node. An SDRAM nenory unit is one exanple

of such a nenory WMhdn sybfenrBpqaoareétufmj the rdingsedpetvf thetPe&ISad signabl ock 710, the
menory controller refreshes the nenory unit, as is normally done, 25 at
bl ock™ 760. | fleastivaige therPulISGRE signale'd this goiat. the meromeontkohler 2may unit i s

Bna 750, ai sty Styee el Ul R A Rl YT 2T ure

i's over. s\Wiegheh8yfemBlowkaisl restered Shel ERSBY sifhdlGkasédied thhike Sekforgi gnal is
rel eased at bl ock 750 and the 30 nenory controller again refreshes the

| ocal unit atomsraltsk 2080 WhiletthoGHproeassasus reseth B¢ SEEKE sigaplds bplddpwityal | y

illustrated gnd descri bed 19 i i i LL. reci at ed
hat modi T c QIS RESR spRGRIE: 200, Hica %%g&pgr}g{s@én ket igRECEROLEHLS by

the above t eagbi RU%e aBENMSTRAM iARiafigdtioneteHardendl] eppaactsdhehaindy W t hout
departing fromthe spirit and i ntended scope of the invention. For exanple,

al t hough t hecentraiey 280 gssarts theSCIsB aignal. iNetg shat an SDRAMyinttializatipst er mi ning i f

a power failure has,occurred, it will be appreciated that, o . ways of
det er mi ridng SFRENSE ?ﬁ?\ﬁé‘f’{ FIANEE PeMOR, C(H’??:Iﬂf“r @ée Wmoryaf%mﬁlﬁf #&&T‘f’ﬁ i“ﬁwt he
scope of the duRNEMingIhBISDRAM arMiidie. an SDRAM array was used as an
exanple of a menory with a self refresh node, gﬂr&y menory with a self

o

refresh node coul FlGe4 dbsttaies siaveidrmthatarag be u eémplesnent therpaven was
descri bed wi th respect to, an . 1/.0 processo i4. has applications in other
conputer sys %ngggo ”Id.th?’—’f ﬁei%oy,t?ﬁfa?%o‘ﬁ%% @oqlt%ﬂa.‘%n%’r cﬁ%ﬁd%tto@nare

descri bed t 0egHRlINnt 6LiHeFrébehtinténtRAS AsSkphidedns e ey, thewaesthrhrdred
using either software, hardware or a conbination of software and hardware,

as is weldl kmidwstrateractipes, gerfornged byithe meswarh epntpd 32 20fhathatiplacsithe BBRAM: 1. A
TELNOO O COR bl B S P SR PGP DR 7
assertion of the P_ RST# signal, the internal bus may be ignored, since it may be
invalid during the P_RST# signal. The memory controller 200 may wait four
DCLK cycles to allow any potential SDRAM array 210 bus activity, such as read
20 bursts, to complete before issuing a “precharge-all” command to the SDRAM array
210. The precharge all command precharges both SDRAM banks and sets both
banks to an inactive mode. To issue the precharge-all command, as with other
commands issued to the SDRAM array 210, the memory controller 200 may set
various combinations of the following memory contro! signals as shown in FIG. 4:
25 an SCE#; a Row Address Strobe (SRAS#); a Column Address Strobe (SCAS#); a
Write Enable (SWE#); and an Address (SA).
After deactivating both SDRAM banks with the precharge-all command,

' the memory controller 200 may wait a fixed period of time (T_), such as three

)

)
DCLK cycles, and issue an “auto-refresh” command. The auto-refresh command,

30 which can be sent to the SDRAM array 210 when both banks are inactive, causes

the device to perform a single refresh cycle automatically. The memory controller



~determining if a power failure has occurred; and if the power {fRiJR( @flfs
occurred, then placing the synchronous dynam c random access nmenory unit in
. the self refresh node, conprising the steps of issuing a precharge-all
command to the nmenory unit; issuing an auto-refresh command to the nenory

unit; issui ”%@mﬁ?'tﬁenr\%ﬁ ﬁ%ilile@ﬁé’ﬁ@d”'@hhﬁeg m&xlgwnbu@ew&eaﬁ&ertl ng a

clock enabl e signal to the nenory unit he nethod of claim1, wherein
t he menory urssuetbolsdtﬁrsfeeshazosymdrtomhquDBy\Mmrcy 2Hhdom access nenory unit.

3. The net hod of further co deasserting a ¢l ock enabl e
signal to the ne t@ ?ﬁ.%querialﬁa rggéi ?‘ggrﬁﬁ‘sacfi‘&r@mgr@gm CE‘%O%HBC%t hod of
claim1l, whe i mg%,

i nt erconnect 51?1328?& El?tglﬂg%rﬁ{om mhggtﬁniglﬁgﬁﬁgmg{éksg:tﬁmﬁ% bg?ﬁ{ltaﬂhoeﬁgconprl Si ng:

det ermi nfng tdnttolier pedvuridga power fadwewenditiand Saws ¢rd megotyhevntiotiek2@nabl e

signal input to the nmenory unit if the power failure is over. 6. The nethod
of claim 3, Wf»'élﬂéﬁ ?ﬁs?’?*s@ﬂl %&“’ap_é?e?'lf# ?‘%?4%%?1“%%”’&&?“@6%“@@‘@3 diagramng a

precharge-ald, tcri.&oﬁgﬁzdﬁierﬁaf ¥e Hz@i:t with ?8&!5%@1 s G Pfhe command

to the rrermry un I ssui ng t’he se resh conman e menory
unit. 7. Thes@ﬁﬁlhddaecmﬁ(aalcnlaynmay «M]Jehébn tmlmeMGmemth@m faiturd stagsui ng
are perfornmed by a mem)rgiécontrol | er. cenber. 2002 8. The net hod

of claimi, disershandey rdFFel‘i@"teHé’ycﬂeé’(SR é’W%FB‘IDg &-E;ﬁg# sigdabisr f or med by a
progr amygbl edéa%r&ddﬁ]\éuﬁt%ma&?bﬂﬁntq;gp \gﬁo%/ds\;zﬁﬁ% tHE RS cBirorfer A GHHi QN OUS

dynam c ‘random access nenor

bat t er ybackugorpomweay oaaﬁhmplapﬂmr ModOC’Ijidlﬁ ihatatcdlp| Bt foor datideysstlipwuni t
said nmenory controller being configured to place sajd menmory unit in the
sel f ref r eshamppigchiprshSIa uanffaswmte CREY %cﬁ%te@ Preghnsgs-ai nepramandt eps

of: issuing a.prechar r%o R Mmg%zbo %@¥ﬂueg}3%rayg§ (%O]Lmljlngx?&qm

131
aut o-ref resh ™ "command menor un| In res Ecgmmnd to

said nmenory Hxﬁ"éuto-@fﬁ'esﬂ%l&ﬁxﬁfahdnglsﬁle@lh@@ﬂfe @mmensstgeabm PRisllyt Gesalifd
menory unit. 10. The memory system of claim9, wherein said memory unit

conpri sd§ a ssfirsheemarsd dy ardddo themdBRAM drsatedhoNptefiat, regardiess of the
bat t back ! e d
morory. cont 1 SRR b i PR el BT ha R M2 o

i nput to sai demey RIS nistdeassegbd. refresh commnd is issued. 12. The
menory systemof claim9, erein said nenory controller determnes if a

power failure hasF¥acivabloplafiew dagrammdaimeibedio lamhvmmpolwwémbmnect

reset signal . Q | aim1l

control ler i %% gécﬁ%gmgg? £ %@?’ﬁ‘&hﬂw%ﬁa‘!’ B llng%ntﬁlloﬂg n?e%%%%%év na‘ill
command 200 S&Id, magrb)é udéd tvithiaSHeth&g cRtraléQmdelhasbryaanimad 1 Rqaatsd nenory
unit, and issuing the self refresh command to said nenory unit. 14. The

menory syst emsfesshioga(Zhhes a selfrefeash oandsi aed ﬁg ha%larp%ﬁr‘iamﬁh@t mesgbe devi ce,
Dt AR B SPHRLE SO R SO
the cl ock enahite one example of such a memory unit. If a power failure is not detected at
block 710, the memory controller refreshes the memory unit, as is normally done,
25 at block 760.
If a power failure is detected at block 710, the memory unit is placed into
self-refresh mode and the SCKE input is held low at blocks 720 and 730. At block
740, the SCKE input is held low until the power failure is over. Wheh the power
failure is over at block 740, the SCKE signal is released at block 750 and the
30 memory controller again refreshes the local unit at block 760.

Although various embodiments are specifically illustrated and described



“signal when a power failure has occurred. 11 19 Decenber 200&913[5&02002
menory controller, controlling a synchronous dynam ¢ random access nenory
..unit having a self refresh node, conprising: a power status input port; a
‘menory control output port; a clock enable output port; and control 1ogic,
coupled to Sﬁérgmpﬁ"\ﬂ'll b%ta};tp&»&@téaomht RBditicatidds SR CarlHRIBRY ¥f RO PEdsGt out put
port, and to said clock enabl e output port, said control |0gic configured
to place sai thvemtior grewaivered by theeabort feackingemid withie thsasedewrnfahesi gnal

recei ved from said ower s at inu ort, .c i Si t he steps of issuing
a prechar ge- 2P0 9 HHSYV Eﬁp tfrﬁgﬁéwplﬁ‘g%ﬁ%&na%{ Fope Btﬁ‘? i ssuing an
aut o-ref reshm%emilandmwx%@tk SRS HBROP YR SO f:l “ﬁaglhgaattomuéwaté asguyng a
self refresh command through said nenory control output port;

deassertbng af ditgmaihingtif e pgivestildredias okcrered it wilbbe pmlre(patcd thal 6theThe menor y
control | er of cIa m 15,, furfher co sing: a clo yt put port

coupled to s¥P¥ P %%‘?%‘8}‘% té%{lad’oé’%?ﬁ ar'lﬁ‘lr E%gj’ic‘é“rfféil‘ﬁ’éaﬁ tghé’}’ﬂl‘ gured to
deassert a sg elof&}rylgvamo%a's@m%ﬁyKvmm@mm&a wsug@%aﬁts%nﬁ%erel ]

refresh command is 1ssued. . The" ' menory controllér of alm1

sai d power sbhi u&mammth;msdlf-neﬁeﬁ medc phe nemocowith pesalf-refieshrmodenacid r eset

i nput port. controller of cJaim rein said control

|l ogic i ssuesfl’? H%eds‘éftFa‘{me}"r%éeé’ﬁ% ARE By R8T C%Fr‘\ghg(‘f‘ﬂ‘é‘rrﬁ%?e&wo 4Bommand

t hrough ;gai d gjgl;}g t r comand

t hr ough gal dI/ méé;ésgxgﬁt}{agla @%g{ﬁs lgg)?}ltimeﬁg I'S S?ngsaag tﬁ%nsg{légggfresh
command t hr oum’ﬁmgalsdftmmwmaedwdre ate degtribet t@osrtrol t&tai furRtiony seent rol | er,
controlling a synchronous nanm ¢ random access nenory unit having a sel f
refresh nodef ur@éﬁ@%n@v @pe e diberiativirh gardvase oneambinption & has
occurred; and do . .19 PecaIPeL 132\99?kmp§1|t¥)95np| aci ng the synchronous
dynam c random access nenory unit in a se refresh node if the power
failure has occurred, conprising: neans for issuing a precharge-all command
to the nmenory unit; nmeans for issuing an auto-refresh command to the nmenory
unit; nmeans for issuing a self refresh command to the nenory unit; and
nmeans for deasserting a clock enable signal input to the nenory unit. 20.
The nenory controller of claim19, further conprising: nmeans for
deasserting a clock enable signal input to the nmenory unit if a power
failure has occurred.



" 21. A conputer readabl e nedi um having stored thereon instructions which,
when executed by a nenory controller, cause the nenory controller to

. control a synchronous dynam ¢ random access nenory unit having a self
refresh, node, conprising: determning if a power failure has occurred; and
if the power failure has occurred, then placing the synchronous dynamc
random access nenory unit in the self refresh node, conprising the steps
of : issuing a precharge-all command to the nenory unit; issuing an
auto-refresh command to the nmenory unit; issuing a self refreshbeaprmog to
the nenory unit; and deasserting a clock enable signal to the nenory unit.
22. AWHﬁHyéﬁfmédtl@r age system conprising: a disk subsystem a synchronous
dynam'C random access nenory unit having a self refresh node; and a nenory
controller coupled to said nenory unit and said di sk subsystem said nenory
contrqller Abﬁieﬂﬂ)d%‘i’%ﬁtgﬂﬁﬁgja §ﬁ1cﬂloﬁ§|% /bt TR aéb@bstmblﬂoxt}hﬁntslﬁk/fngra%%ffesr‘
node copprising the steps of:” i ssuing a precharge-all command to Ssaid

menor yeligmodes QMPRSIRG: aut o-ref resh command to said memory unit: issuing a

self refr eﬁetmmmgﬁat@“%afﬂumwcm@ an@dnd deasserting a cl ock enabl e
il ,%\zil A|5npu I%%oif%rigﬁ%@&g%unﬁd t]ien p'lbacmg tﬁ\é I§ynpc\:'1:u'onAougJ IElynamlc random access

{ vl ghhethazunitlic tecsalfaafresh)mades agmpiising the]steps of:
2 cal cal oal cal cql S ealegl il Ahiabirl il el oFel o o cal cal cRal g
eF*za S i

A~} xsnhc”Y] | ca] dsshiog] aya}eedicsl cahmahd ti theheajapioi4] ca] ca] ca] ca] ca]c"a] ca] c

?]ZESL?Z{ S\?Lg?]cg]i%ﬁf‘]ﬁcﬁ%g?gchg@ Hﬂ]ato ?cmfcam@ﬂn‘]lca] ca] cal ca]ca]ca]calc

a] ca] caU] ¢ a]c deasserting a clock enable s1gna1 to the memory unit.

a] ca] ca] ca] ca] ca] ca] cral T+t (")"} " ##SXPSSHEE( h(((F))) ?*DF* G R*j ++, | w
rigb] X]]calcalcalc’a a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] a] ca]ld® f@qsl}l L&Jiﬂl@ Iaphergiy the gegiory wnit cComprisey %]W’G@@!W\&SM%GSMBMBJ
of::t WYesshesidgPlinit] cal c"a] ca] ca] ca] ca]ca]calcalcalc"a]c"aU c"a]c"al] c"a]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal <=T===277?7- @ Q@AY AAAT7
BBBv CCC$DuUDDEVEEEEFGG) Hy xsni d_Z] ] ] ca] ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] @] ca]ur]mwaheddLadiand, falthe]compeisiagcal ca] ca] ca] ca] cajcal )HHI 1111

| ca] ca] ca] CAFCATERRREIAH 'é"an: A 5 PR G PO A B D aP U n] cal cal U

W-VW_W XFYYZGZZZ\ M\ \\\ 6] | -~ " “abcc}xsnid_mhc”Y]]]cal]ca] ca]calca]ca

calcC ca C a aj ca
| cal cab-<o PR it 17 15 }svf?ér%l [BLARLERYTRS Tt G LTROBLAT pSRpRAE S
10%&n1(eycogn¢o®m%srgm& () - D=i K-"Z10%&' () - Lf

109%& () -10%& () -, 10%& ()-10%& ()- 10%& ()- 10%& ()-SA A6

10<710%<& () - 96ML0%&’ () - | 4f &10%<x<& () - ! MB1&LOW<x<& ()-*310%& ()- " (
10%<& ) - 521 hemW@@ﬁ@%kz fprthergomprising!
$10% o0& () -delPimee {f)th eﬁ&h&h@%@%ﬁ& ()- @10% o0& ()-3 10< 10<u o

| 0, 0, -1
ﬁ/ll?g% g &1?)@%%{?1&%3 & oC:]( ega {g (sjlcgnal mpt]:tstS %é)n?emorygl)mt Jthe power failure is over.

6. The method of claim 3, wherein issuing a self-refresh command comprises:
issuing a precharge-all command to the memory unit;
issuing an auto-refresh command to the memory unit; and

issuing the self-refresh command to the memory unit.

7. The method of claim 1, wherein said determining and said issuing are performed by a
memory controller.
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&GLO%&' ()-9$'!109& ()- @109 ()-:109%& ()- YeaB7C 10 :° 109%& () -
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100 & ()-fylo%n & ( 810%&'() flO%&II&mg F10% & ()- .10

10. v* §EnN/ LhEGf)ﬁth ol &la(ral lgrdwrein dpassating dhe ylock evatde sjgnalvisoparforppd y a
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10% & ()-Y+10% & ()-' &$10% & () - S&10% & ()- trrrr(r+l 1 bCL' 10% S10% & () -

10% &9() - sm#gh@%&, £y)steﬁ1 1;@,\;1 f&h 10\ s10% & ()-610% & () ()"} " #dEbCL' 10%

Y10% & ()-! 109 2‘1 &

$10% & () - fm%n Qo ig%a&n angd *ﬁg’g‘g%@@a\l@b}a@mga self-refresh mode and battery-

" 10% &aéRuplidtel; dnji- F&10% & () - 1094 & () - 10%4 & () - &SZ

10% & ()-y 4 /%%ﬂe%@%?ﬁgﬁ?r TR D il rirpesd Bt Sald SR gopueliodRin oRRIEH 10(

10(: 1@%&1& §did memory unit in the self-refresh mode when a power failure has occurred, comprising
710% %% %y 10% & () - 3l 10%{ & ()-,2810% & () - D*R*j ++, & - aBYNCL' 10% $10% K&
() Y' 3 ?) MLO% & () - 10%a& ()- 10% & () - SH1096 & ()-
(/ /dEYNCLssmmg@prm%&z(lb commr&l tp)sa@mem&'y(tyutt 110% & ()-@0% & ()-@1

Oof & () q/ / 0cO1VI AEYINGL 1oL afd ol s¥itd
10% & ()-S $10% & ()~ 55&100 &'}% Y 10&5&' (TR NG {)-12+323| 3} 3-333xnbCL
' 10%£10% & () - qu_sgrngaself-reﬁ'esh command to said memory unit; and

deasserting a clock enable signal input to said memory unit.

10.  The memory system of claim 9, wherein said memory unit comprises a synchronous dynamic
random access memory unit with battery-backup power.

11.  The memory system of claim 10, wherein said memory controller is further configured to
deassert a clock enable signal input to said memory unit when the self-refresh command is issued.

12. The memory system of claim 9, wherein said memory controller determines if a power failure

has occurred based on a peripheral component interconnect reset signal.

13.  The memory system of claim 11, wherein said memory controller issues the self-refresh
command by issuing a precharge-all command to said memory unit, issuing an auto-refresh

command to said memory unit, and issuing the self-refresh command to said memory unit.

14.  The memory system of claim 9, further comprising:

a programmable logic device, with battery-backup power, coupled to said memory controller
and said memory unit, said programmable logic device being configured to deassert the clock enable
signal when a power failure has occurred.
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10% &18) - 3% emoRy coptrolfeymprEping Asmchyrougimanic aqgkss memory unit having
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& ()-y7NN m&m@em@@%&& inptif@drt, X0 44id memory control output port,

and to said clock enable output port, said control logic configured to place said memory unit in the
self-refresh mode based on a signal received from said power status input port, comprising the steps
of:
issuing a precharge-all command through said memory control output port;
issuing an auto-refresh command through said memory control output port;
issuing a self-refresh command through said memory control output port; and
deasserting a signal through said clock enable output port.

16.  The memory controller of claim 15, further comprising;:

a clock enable output port coupled to said processor;

said control logic being further configured to deassert a signal through said clock enable
output port when the self-refresh command is issued.

17. The memory controller of claim 15, wherein said power status input port is a peripheral
component interconnect reset input port.

18. The memory controller of claim 15, wherein said control logic issues the self-refresh
command by issuing a precharge-all command through said memory control output port, issuing an
auto-refresh command through said memory control output port, and issuing the self-refresh
command through said memory control output port.

19. A memory controller, controlling a synchronous dynamic random access memory unit having
a self-refresh mode, comprising:

means for determining if a power failure has occurred; and
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means for deasserting a clock enable signal input to the memory unit if a power failure has
occurred.

21. A computer readable medium having stored thereon instructions which, when executed by
a memory controller, cause the memory controller to control a synchronous dynamic random access
memory unit having a self-refresh mode, comprising;:
determining if a power failure has occurred; and
if the power failure has occurred, then placing the synchronous dynamic random access
memory unit in the self-refresh mode, comprising the steps of’
issuing a precharge-all command to the memory unit;
issuing an auto-refresh command to the memory unit;
issuing a self-refresh command to the memory unit; and

deasserting a clock enable signal to the memory unit.

22. A computer storage system, comprising:
a disk subsystem,;
a synchronous dynamic random access memory unit having a self-refresh mode; and
a memory controller coupled to said memory unit and said disk subsystem, said memory
controller being configured to place said memory unit in the self-refresh mode comprising the steps
of:
issuing a precharge-all command to said memory unit;
issuing an auto-refresh command to said memory unit;
issuing a self-refresh command to said memory unit; and

deasserting a clock enable signal input to said memory unit.
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