METHOD AND DEVI CES FOR CONTROLLI NG PONER LOSS  Fl ELD
[ 0001] Enbodi nents of the present invention relate
generally to the field of <controlling power loss in
devi ces having non-volatile nmenory. BACKGROUND [0002]
Conput ers, cellular phones, smart phones, persona
digital assistants (PDAs), and other electronic
devices may controllably | ose power. For exanple, a
bat t e TIRAYS ANIY DE WICERY FOROBONTRSENNE POWER Il GSS!
forcing a device to shut down. Non-volatile nenory
| ocated in such devices may inplenent background
operations, which are initiated and executed w t hout
awar eness of a controll erFlEAR exanpl e of a background
operation is a nmenory array refresh during which
[0001G ont enEndlodiriéents®iithie/ prisealinventior ietate genkrally dovthd field of
to recover from cell level drift due to voltage or

contréIBRP BHREHI8s Tt HEWSes NBARY PonSOldT thentoriyhe _
I npl ement ati on of an enbédded wear-|eveling al gorithm

[ 0003] A prior approacPAfcg(GROQN@r l oss in an
el ectronic device results in a power supply renoval

[0002]hat | Gpeputersscalldbrahwnesnsrsad phoses.qrassenal sigitel t he
background task. Upon a subsequent restoration of

assistzone (P DASe ahd béhar g dtamiodevibes magaogtrollatdly tgserpawearn For
may result in data integrity issues or reliability

exambfes dasattety BRIvEFs iRy T8I SRy Qis Hdrg ORAMN N 1drada 4 déviee
or nore enbodi nents of the present invention are

to shiit! ddwd. NErRGblatile memory located in such devices may impiement

background operations, which are initiated and executed without awareness of a

controller. An example of a background operation is a memory array refresh

during which content of the memory array is periodically rewritten to recover from

cell level drift due to voltage or temperature stress. Another example is the

implementation of an embedded wear-leveling algorithm.

[0003] A prior approach for a power loss in an electronic device results in

a power supply removal that interrupts and compromises the completion of the

background task. Upon a subsequent restoration of power, the interruption of the

background operation may result in data integrity issues or reliability issues.



by way of exanple and not Iimtation in the figures of
t he acconpanying drawi ngs, in which |like references
indicate simlar elements and in which: FIG 1
illustrates a data processing device having a
control | able power [oss capability in accordance with
one enbodinent; FIG 2 illustrates a non-volatile
menory (NVM device coupled to a power nanagenent

unit in accosgpE pRYGRPTIONTPTHEBRAWMNGSF G 3
illustrates a wreless comruni cati on device having a
control |l able power |oss capability in accordance with

ne e [ : : 4 d .
100043322 PG o o drSsianthe Bré<ehl ireRusi b s fdted
acgordance wi,th one enbodjnment. 2 TAL LED DESCRI PTI ON
by we G GRATRES 2P Bk LG RapE THLSscRIIa AR TBOPRA  or
controlling power |oss, For, ope nboqine t, a.nethod
drawingiy i geich ke fefRences noicats SR Ements and i vi t h
a controller. The nmethod includes determ ni ng whet her
aFKaribillystratesiacdatp PrerassingAevicahddey gresntiallae paviesn.
The nmethod includes safely suspending the background
loss capabtityi inracoordamep ivéth one embotimeddr ound operation if
the menory device is perform ng the background

OPEB.a2 ilostratEéba mut-holdtileimemodeN\Ek) deyice enopleddo a power
supply power. (0006] The suspended background

mana@BRicht UAR if 8cc8ai @SWITR dnkRAbAIimeHb S@guent _
restoration of supply power. A background operation
MRYs | HALLHSe’ a wireless communication device having a controllable
power loss capability in accordance with one embodiment; and

FIG. 4 illustrates a method for executing a controlled power off sequence

in accordance with one embodiment.



menory array refresh or a wear-leveling algorithm The
safe conpletion or resunption of a suspended
background operation results in enhanced nenory
reliability and data integrity in conparison to prior
approaches. [0007] FIG | illustrates a data
processi ng device having a controll able power |oss
capability in accordance with one enbodi nent. The data

processing devi cepEdQ\LpBIDEESRPPOMESSI Ng unit 110
having first and second processor cores 116 and 118,

a host controller 119, and a system nenory 120 coupl ed

[OOOSian t hﬁeQ{rfb%ﬁgfér?ﬂ #E'rﬁetmgs andeeliRas f&roé%r%gilpﬁrpoln?e?

be rntern processi ng uni

ternal to.the i.n i
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non-vol ati espect |
omm e with RSB Iaro0 e B thaeangluASa e s R Wil o Themory
(NVM device 122 and various types of npeno ?
deviceisperigmingaackgroundagperatin. Temethadiseides %Qie y
i mpl enents a background operation and 3 includes a
susperating thezshadkgravneoperatiomgr aopleting ther kackgreundregersiion if
device 122 also includes a status register unit 230

the meaorp gevice ioperfomang ¢g baekgroamtioperatonmmahe methedf ace
240. The NVM device 122 will be discussed in nore

inclucft%ts'ﬁféiyiranoomﬁjammmppowiat.h FIG 2. [0008] FIG 2
lustrates the NVM device 122 coupled to a power

[oooe;Hnageﬁﬁ@%usﬁﬁﬁde%Oé’adk@rW;sam ¥t be poSurBSP agbmraNt .
NVM device 122 inplenments a background operation

subsédueht redTETREN o SLAYY pBlVe?S A batkBRAMEDperation may include a

memory array refresh or a wear-leveling algorithm. The safe completion or
resumption of a suspended background operation resuits in enhanced memory
reliability and data integrity in comparison to prior approaches.

[0007] FIG. 1 illustrates a data processing device having a controllable
power loss capability in accordance with one embodiment. The data processing
device 100 inciudes a processing unit 110 having first and second processor
cores 116 and 118, a host controller 119, and a system memory 120 coupled to
the processing unit 110. The host controlier 119 can be internal to the
processing unit 110 or external to the processing unit 110. The first and second
processing cores 116 and 118 include embedded non-volatile memory 130 and
132, respectively. The system memory 120 includes a non-volatile memory
(NVM) device 122 and various types of memory {e.g., DRAM 124, RAM 126,

ROM 128). The NVM device 122 implements a background operation and
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wear -1 eveling algorithm and includes a non-vol atile
menory (NVM) array 220 (e.g., based on NAND fl ash
technol ogy, NOR flash technol ogy, PCM technol ogy) to
store data. The NVM device 122 al so includes a status
register unit 230 having one or nore registers and a
command interface 240. The conmand interface 240 is
coupled to the NVM array 220 and receives a controlled

include@Vehion-QblatiROMERY AFrai220¢eBioreldhey. PRENVMIHEEHe 1Q20r
| ocated wthin a processing unit 204. The controller

also |ﬁaﬁdé§a%9ét9§ ?ébiét@r ke 2B Madmy! cﬁ‘% éra'ﬁoﬁé RgRtd s bus

he comrand i nterface may be II’Tp errent ed as a
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atus regi ster
overl a w, which is associated with a set of
COWUP%@‘?%W@P?‘@H ped in the NVMM array 220. The status
egi st unjt 230, sco Iedtothe NVM arr ay
oodi5d ' Elchutsaies s NI hevte 18R SounRaith & PANE N
device 122 is inplenenti ng the background os)/eratl on.
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operation or conpletes the background operation prior
122 implemgnds afbagkgipuiptyopeaation (eid., mesay/rITay velfseshl 2pnbedded

i npl ementi ng the background operation when the
wear-tevaling algaditipoyand bicludesremord-volatilkkaoemoed (NVMiratrag 220

controller 206. 4 [0009] In one enbodi nent, the

(e.g., bas kg onNKINDHRIsAtEEHNIGgYs MR Yiask fadheordy, pcmmaa@gq)
automatically prior to the | oss of the supply power.
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suspended background operation after power is
havingoteXr&fore registers and a command interface 240. The command
interface 240 is coupled to the NVM array 220 and receives a controlled power
off command from a controller 206 coupled to or located within a processing unit
204. The controller 206 is coupled to the NVM device 122 via a memory bus
208. The command interface may be implemented as a finite state machine, and
can include mode registers (e.g., status register unit 230) or registers in an
overlay window, which is associated with a set of registers mapped in the NVM
array 220. The status register unit 230, which is coupled to the NVM array 220,
stores information indicating whether the NVM device 122 is implementing the
background operation. The NVM device 122 safely suspends the background
operation or completes the background operation prior to loss of a supply power

if the NVM device 122 is implementing the background operation when the

controlled power off command is received from the controller 206.



[ 00010] For an enbodi nent, a status register provides
a nenory acknow edgenent in response to the
controll ed power off command to the controller 206.
The power managenent unit 202 can proceed to renove
power fromthe NVM device 122 after the controller
206 receives the nenory acknow edgenent.
Alternatively, if the controller 206 does not receive
the nmenory acknow edgenment within a certain tine
period, it can proceed to have the power nmanagenent
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ertain tinme period allows The NVM device 12
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tus regrs res
infarmation indicati et her the NvM device 122
deviog 322115 ehylrd 8ol I Ean S bouRd il fferaton Hidr
operation. The status register unit 230 al so stores
POWeFE‘fr@FWé‘F‘i’-on used by the NVM device 122 in resunming the
suspended background operation upon restoration of
[000%01e suppr 90 pEkRedimeny a Séatus ceaisfar REGyides a memayv
device 122 inpl enents the background task w t hout the
acknawlatgemnkest inzegponsavioriige santiolladepayser aff cammapdde dreound
operation until reading the status register unit 230
controlfert206. NWd steveéraeadffeméitrunitZ)2ecdroplioceed fo tdneovd/pbwer
device is an integrated circuit device. 5 [00011]

from tHeQNVRI devicts 1 22LR6r the\WonBbRES20BOIBEEIVES e Aienisyi ce
having a controllable power |oss capability in

acknéWRAHSRABARE Mitdrhansdy, snPetomtblier X8dosd Gt reéSive the
comini cation device 300 is simlar to the data

memBfy kR SiviigeRtert %ithfCa certain time period, it can proceed to have

the power management unit 202 remove power from the NVM device 122. The
certain time period allows the NVM device 122 sufficient time to suspend or
complete the background operation. The status register unit 230 stores
information indicating whether the NVM device 122 has safely suspended or
completed the background operation. The status register unit 230 also stores
information used by the NVM device 122 in resuming the suspended background
operation upon restoration of the supply power. For some embodiments, the
NVM device 122 implements the background task without the controller 206
having an awareness of the background operation until reading the status
register unit 230 of the NVM device 122. For one embodiment, the NVM device

is an integrated circuit device.



except the wireless comuni cati on device 300 al so

i ncludes a transceiver 312 coupled to the processing
unit 310. The transcei ver 312 receives over-the-air
signals with antennas 314 and includes a transmtter
360 and a receiver 362. As shown in this wirel ess
enbodi nent, communi cati on device 300 includes one or
nore antenna structures 314 to allow radios to

[0001PMUNE @tﬁllmﬂraheé?bf%ﬁfel@é/sﬁéorﬁ Remitiation devies ag g Hn
devices. As such, communication device 300 may operate
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conmuni cation protocols that may be used by

signalsomituanieanpe 314 anddeciades a teognitierdsd 20 Raebiar 362. As

illustrates the coupling of antenna structure 314 to
showa in thas wireless endi®iiment coownurication device 300 includes one or
nmodul ati on/ denodul ati on. In general, analog front end
moretantarmeestuaturadd 31ddy allewaadiva ol cejrmmicmd vathrotbeuaverythe-air
(RF) discrete or integrated analog circuit, or

commtiMERRl deificedl AdBYCcH) eofigticieibnddvicea300 argsperate as
havi ng one or nore processor cores 316 and 318. The
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ared across the cores and handl e baseband functions
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provide the capability of communicating with different frequency bands in an
RF/location space with other devices in a network. it should be understood that
the scope of the present invention is not limited by the types of, the number of, or
the frequency of the communication protocols that may be used by
communication device 300.

[00012] The embodiment illustrates the coupling of antenna structure 314 to
a transceiver 312 to accommodate modulation/demodulation. In general, analog
front end transceiver 312 may be a stand-alone Radio Frequency (RF) discrete
or integrated analog circuit, or transceiver 312 may be embedded with a
processor having one or more processor cores 316 and 318. The multiple cores
allow processing workloads to be shared across the cores and handie baseband

functions and application functions. An interface may be used to provide



conmuni cation or information between the processor and
the nmenory storage in a systemnenory 320. Although
the scope of the present invention is not limted in
this respect, the interface nay conprise serial and/or
paral | el buses to share information along wth
control signal lines to be used to provide handshaki ng
bet ween the processor and system nenory 320. [00013]

comniiftficaticht & ThBRABNION BStvaERMthe Proczabl And themethdrp sBiragein
instructions that are executed by the processor during

a sysgé?nlg nﬁH?ﬁélgtSZ@n /ﬂfhdﬂ'gh%@%é é@ﬂﬁﬁ%r&é’édt%éﬁﬁ&h‘?@ngﬂﬁmted
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ess conmunica eV|ce e ac ua
e trans For exa , |nstru tions,.
mforrg?tbqrb%lomwg@"s%ogfﬁowwvmgﬁgg e psbd o SR8 iy kine
| ess communi catj ons, j.de security
bem"f%{h Rfﬁ%@%spyaﬂer%f@mrmﬂsgv%éﬁ devi ce 300, user
functionality such as calendarin emai |, internet
[00013owsi hbe seslem Peown B28yeaeept Vﬁemdﬁﬁﬁt%@
provided by one or nore different types of nmenory and
instruetigns that adeexgauteshby tRMdcessvidusing toe operatian ®f wireless
NVM devi ce 122 having NVM array 220. The NVM array 220
commuication deldcea30( easlanap begseddt stdraluseNdataasuch \asABe
may be referred to as a Phase Change Menory (PCM,

condifibAs forWRitoe nidRage s vaRs Fandiitiel byRiRAEsY chiftiMication
Ovonic Unified Menory (OUM or Chal cogeni de Random
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'ash nenory (e.g., NOR, NAND). [00015 he NVM devi ce

store&%?s?étéﬂ hBFRoH850 thait Kl USed P eHidti Witbies< 30mbdiicslions,
provide security functionality for communication device 300, user functionality
such as calendaring, email, internet browsing, etc.

[00014] System memory 320 may be provided by one or more different
types of memory and may include optional DRAM, RAM, and/or ROM and the
NVM device 122 having NVM array 220. The NVM array 220 may include a
phase change material. NVM array 220 may be referred to as a Phase Change
Memory (PCM), Phase-Change Random Access Memory (PRAM or PCRAM),
Ovonic Unified Memory (OUM) or Chalcogenide Random Access Memory (C-RAM).
NVM array 220 may include flash memory (e.g., NOR, NAND).

[00015] The NVM device 122 also includes a status register unit 230 having
one or more registers and a command interface 240. The NVM device 122 is

discussed above in more detail in conjunction with FIG. 2.



one or nore registers and a command i nterface 240. The
NVM device 122 is discussed above in nore detail in
conjunction with FIG 2. 7 [00016] The volatile and
nonvol atil e nmenories may be conbined in a stacking
process to reduce the footprint on a board, packaged
separately, or placed in a multi-chip package with

t he nenory conponent placed on top of the processor.

[oooﬁEe enphsivorflle @idRorvolatid rintSridshaby pa&opibindd i Hf
e processor cores may be enbedded with nonvol atile
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hod for executing control | ed power sequence
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vice _to shut down. The met hod i ncl udes i ssuing
[000156 nt r oF I PesiEates pimetbohianeracytinga GasifoHgd aevee eff
using the host controller in response to the
sequeteedb aconrdahce mdthpmecembodiment.e hhe anetbbd includes, dateeting a
nmet hod i ncludes reading a status register unit of the
confrotimdqyowetdosscevertt pobdicted46 Gcclihat bietkw@P.i Rof extesple, a host
determ ni ng whet her a nenory device is performng an

contréIR? tiedtii® Bo@ble® k@ alndMBry ddvice (kg MBIV Yedieg} fryidetemithat
perform ng an operation, then t he power supply is
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device is performng an operation, then the status
the device to shut down. The method includes issuing a controlled power off

command to the memory device using the host controller in response to the
detection of the power loss event at block 404. The method includes reading a
status register unit of the memory device at block 406. The method includes
determining whether a memory device is performing an operation at block 408. If
the memory device is not performing an operation, then the power supply is
safely removed at block 410.

[00018] If the memory device is performing an operation, then the status
register unit can be accessed to determine when the operation has been
completed or suspended. The method includes receiving a memory
acknowledgement at the host controller from the memory device in response to
the controlled power off command or waiting a cer_tain time period prior to safely

suspending the background operation or completing the background operation at



regi ster unit can be accessed to determ ne when the

operation has been conpleted or suspended. The net hod
i ncl udes receiving a nmenory acknow edgenent at the

host controller fromthe nenory device in response to
the controll ed power off conmmand or waiting a certain
time period prior to safely suspending the background
operation or conpleting the background operation at 8

block A19C kridlhethbaandBédsafeicd uspendmaitrb baék%rg@ﬁd opérdtion or

background operation or ~ conpleting the background
°°mpﬁei§93’é%ﬁﬁa@gg@ﬁ§?ﬁﬁ%“§%‘ ‘%f%'c"ﬁ&m SRR S 1o
backg LT dnb BB a0 PisbRida” IR el RiTheBle pabll Rhf g the

oper at i at the ti of receivying the.controlled
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restoring power to the nmenmory device at bl ock 418.
backgrpungrepaiEion aé thayliee &b ﬁ%ﬁe@flné ¢he senteqlied doyvey off command.
backgr_ound operation after restoring power to the
The method ynandascaibsequpiiy restariaganovsrde the memory clsyics) at
Sone portions of the detailed description are
block#1@s elttecmethudtinclode® omplagingi thé suspendleshhdskpratind
representations of operations on data bits or binary

operafliogidfier regtaiey powet fol the mernopudesiceni applicablhatidock 420.
al gorithm c descriptions and representations may be

[ooo1g)e t esbﬁie%tﬁﬁowsssﬂhbsdét&ime‘s}ehgti@d atdpreBentdatia terms of

processing arts to convey the substance of their work
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representations may be the techniques used by those skilled in the data

processing arts to convey the substance of their work to others skilled in the art.
[00020] An algorithm is here, and generally, considered to be a self-consistent
sequence of acts or operations leading to a desired result. These

include physical manipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or magnetic signals

capable of being stored, transferred, combined, compared, and otherwise
manipulated. it has proven convenient at times, principally for reasons of

common usage, to refer to these signals as bits, values, elements, symbols,
characters, terms, numbers or the like. It should be undersiood, however, that all

of these and similar terms are to be associated with the appropriate physical

quantities and are merely convenient labels applied to these quantities.



i ncl ude physical mani pul ati ons of physical quantities.
Usual Iy, though not necessarily, these quantities
take the formof electrical or magnetic signals
capabl e of being stored, transferred, conbined,
conpared, and otherwi se manipulated. It has proven
convenient at tines, principally for reasons of

common usage, to refer to these signals as bits,

[00024P! Uesynieks Bpasifical §)stEeH Dtherdlied, #GE @ppredidtédthatnunber s
or the like. It should be understood, however, that
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e appropriate physical “quantities and are
u L eln) [ end S a |e6l, L it Hes.
om0 RUco vels i B iedliel bR e ath shbfs
appreci ated that throughout the specification .
procegex. G Poymbuter o oMy B Piateat, O sk sieciBhiq Chmputing
C"conputing,” "calculating," "determ ning," ot the
device, tth m?@\Pg'Pat% anglioe "é@f‘f%'% dafar %Pfesﬁﬁ’t&@@%sféys&aiasum as
conputer or conputing system or simlar electronic
electrepigpaganitjes adthin the qamaputingrsysterasdedistars angios fRerperies
data represented as physical, such as electronic,
into othesdiaia sigdlany represemied @smiysicahgsantitiesivgthir tiiescamputing
and/ or nenories into other data simlarly represented
system$ plyRires| regisers drictsenvguchi inforimation sforagedransyrission sr
menories, registers or other such information storage,

displaly'dtgddsssi on or  display devices. [00022] Enbodi nents
of the present invention may include apparatuses for
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speci-ally constructed for the desired purposes, or it

perfolfifig $4TBhé2RoRs HERMT 2hnRipBPsEs TP 5PSCIARVESRtructed for

the desired purposes, or it may comprise a general purpose computing device
selectively activated or reconfigured by a program stored in the device. Such a
program may be stored on a storage medium, such as, but not limited to, any
type of disk including floppy disks, optical disks, compact disc read only
memories (CD-ROMs), magnetic-optical disks, read-only memories (ROMs),
random access memories (RAMS), electrically programmable read-only
memories (EPROMs), electrically erasable and programmable read only
memories (EEPROMSs), magnetic or optical cards, or any other type of media
suitable for storing electronic instructions, and capable of being coupled to a
system bus for a computing device.

[00023] The processes and displays presented herein are not inherently

related to any particular computing device or other apparatus. Various general
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sel ectively activated or reconfigured by a program
stored in the device. Such a programnay be stored on
a storage nedium such as, but not limted to, any
type of disk including floppy disks, optical disks,
conpact disc read only nenories (CD ROW),
magneti c-opti cal disks, read-only nenories (ROV),
random access nenories (RAMs), electrically

purpoBé @gsiefiEinkag beasddomitly progeanas iie acédriiiddvith the teachings
electrically erasable and programmble read only

herelﬁ“?:lF‘Ptr &Y p ﬁcﬁ%&?@ﬁ%ﬁrenﬂ&geﬁﬁd@c@é rdrei spRbiafidédl apparatts

t her type of nedia suitable for storing electronic

pe=:rfor'rﬁ'ﬁ{c.=,r d’é:stbhﬁ eth%ﬁd THEP iR r&ﬁlr@gor‘:%gg é&? of %e%e systems

or a’ conput1 ng eV|ce
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the teachings herein, or it may prove convenlent to
languagais itwill beAnpsedategdhata v&@vmﬁ HRTENING [aNGUABES MR

desired nethod. The desired structure for a variety of
used thismplemest thesteachings aptiednventiom amdesssidedihereion Ibel ow,

In addition, enbodi nents of the present invention are
additiont it dlesuld ibearhdsirgtbod diatopecations, eapabilitiesi and features

programm ng |anguage. It will be appreciated that a
describtdyd IRdrginohap bedmplemerget avihuagesombiyatien ofisardwiace

i npl emrent the teachings of the invention as descri bed

(discrB® &8¢ Rtedritedai@uits)odhd ddfividigul d be understood that
operations, capabilities, and features described

[Oooﬁr ei N1t B Lh BN RITRItha Y dBbvabeseAPRIALRAJ8E to be

illustrative, and not restrictive. Many other embodiments will be apparent to
those of skill in the art upon reading and understanding the above description.
The scope of the invention should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims

are entitled.
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(discrete or integrated circuits) and software.
[00024] It is to be understood that the above

description is intended to be illustrative, and not
restrictive. Many other enbodi ments will be apparent
to those of skill in the art upon reading and

under st andi ng the above description. The scope of the
i nvention should, therefore, be determ ned with
cLAImaf erence to the appended clainms, along with the full
scope of equivalents to which such clains are
entitled. 11 CLAIMS: Wat is clained is: 1. A

10/~ ile menory (NVM device, conprising: a NVM
Whatg‘srﬁg%%cgfsswre data; a command interface coupled to

t he arra mmand interface to receive a
1. A 'E%V?N\émeéae tNr@Mg%%'ﬁﬁ’a?Pdn‘%r?%&@a controller; and a
status register upit coupled to the NVM array, the
sa VM alr@gitetSéQfelﬂ%tQ: to store information indicating
whet her the NVM device is inplenmenting a background
opsomMan interéage\eaumsd t@ethegqj\éﬂfaéw, Hiesgrimaand dnterface to
background operation or to conplete the background
receivepa canfraitedppdvesr afbcorogmndifram augeptrpligioaed i f t he NVM
device is inplenenting the background operation. 2.
Thetatos eggistee dniticoapled to¢he NeMarray,ahensiatusiagistenunit to
background operation is safely conpleted or suspended
store AbAREIdCIAbICKtIRG WhietHer thé RV 88viek i Insplementing powver .
background operation, the NVM device to safely suspend the background
operation or to complete the background operation prior to loss of a supply power

if the NVM device is implementing the background operation.

2. The integrated circuit device of claim 1, wherein background operation is

safely completed or suspended automatically prior to the loss of the supply power.

3. The integrated circuit device of claim 1, the device is configured to complete

the suspended background operation after power is restored.
4. The integrated circuit device of claim 1, wherein the command interface to

send a memory acknowledgement to the controller in response to the controlled

power off command through a status register.

12



3. The integrated circuit device of claim1l, the
device is configured to conplete the suspended
background operation after power is restored. 4. The
integrated circuit device of claim1l, wherein the
command interface to send a nenory acknow edgenent to
the controller in response to the controlled power
of f command through a status register. 12 5. The

5. THe'thRgratbaQirelik aevite deviafn 10wheldih thelbaskyes@idiopdration
background operation further conprises a nenory array

funherrﬁztﬁggfﬁe@g rﬁer\ﬁﬁﬁl{ ?Hrg% Riftda@ &'ag\%é”é%lir%nalﬁﬁﬁthm.

ated circ vice of claim1, erein the
status register unit to store information indicating
whet her the NVM devi ce has safely suspended or

conpl eted the. hackground qperati. T | at ed
6. THg Plsreted ayraL agrice oL b 1 fEtuf fhe frady Baldérdiftel,
unit to store infornmatio d by the M device ,in
store FulouTRiRp HAIS2NG PR the MUY AYRE Nas SAIRY SHSRRISR of
restoration of the supply power. 8. A data processing
complided the backgseunyd areratomr ocessi ng unit havi ng one or
nore processor cores; and system nenory coupled to the
processing unit, the systemnenory having a
non-vol atile nmenory (NVM device conprising: a NVM
7. Th integratedstircuit ddeice of alaimryavicreéintiies Status egigierunit o
the NVM array, the command interface to receive a
store GSokrhalidreGsdtPye theoll/ Vedevidan th desomingidiemuspesdedig unit;

background operation upon restoration of the supply power.

8. A data processing device, comprising:

a processing unit having one or more processor cores; and

system memory coupled to the processing unit, the system memory
having a non-volatile memory (NVM) device comprising:

a NVM array to store data;

a command interface coupled to the NVM array, the command interface to
receive a controlled power off command from the processing unit;

a status register unit coupled to the NVM array, the status register unit to
store information indicating whether the NVM device is implementing a
background operation, the NVM device to safely suspend the background
operation or to complete the background operation prior to loss of a supply power

if the NVM device is implementing the background operation.
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a status register unit coupled to the NVM array, the
status register unit to store information indicating
whet her the NVM device is inplenmenting a background
operation, the NVM device to safely suspend the
background operation or to conplete the background
operation prior to |loss of a supply power if the NVM
device is inplenmenting the background operation. 13 9.
The data processing device of claim8, further
conprising: a power managenent unit, coupled to the

9. THY @RS Proctdsiig devideloff GARY S, fuftBer SotAptisingower fromthe
NVM devi ce after the background operation is safely

Sﬁrﬂéﬂi“%%"#%eﬁ?ﬂ@ FERyPAEH 1o[18 (Bl oRIRHE 20 R e
supoly 5wy TR 84 B B AL PR SerdH by
devi ce of claim8, wherein the command

rocessin
comg?q{g PfﬁE%&irlﬁledsend a nmenory acknow edgenent through a

status register to the processing unit in response to
the controll ed power off command. 12. The data
processing device of claim8, wherein the data

10. Theodais prepsaing dayigesof claim 8 dhedsVMsiavinsiis gontiguradie ce
further conprising: a transceiver coupled to the

compiete dies susue nded thackeund axpecationaaftar powet ¢ restored by the
over-the-air signals. 13. A nmethod, conprising:

power management unit.

11. The data processing device of claim 8, wherein the command interface to
send a memory acknowledgement through a status register to the processing

unit in response to the controlled power off command.

12. The data processing device of claim 8, wherein the data processing device is
a wireless communication device further comprising:
a transceiver coupled to the processing unit, the transceiver to receive

over-the-air signals.
13. A method, comprising:

issuing a controlled power off command to a memory device using a

controller;

14



issuing a controlled power off conmand to a nenory
device using a controller; 14 determ ning whether the
menory device is perform ng a background operation;
safely suspendi ng the background operation or
conpl eting the background operation if the nmenory
device is perform ng the background operation; and
safely renoving a supply power. 14. The method of
C belgiinining iethes the mapiorg idegiceds bedbintigg @ eakgraainded
power | oss event predicted to occur with the
operdti@ft rol | ed power off command being issued in response
to the detection of the power |loss event; and reading

a ot . .
dé ewmél%g'é \ﬁﬁigt%"htg% bﬁ? %iroﬁé%&;?érd&@%?oﬁ?ﬂ&e ftg?m ng the
backgr , ti - Th | aj

vackg e P ie AL o el Bt PRihuthe bkl o
the nmepory device. 16. The method of claim 15,

operation; A9 conpri sing: conpleting the suspended
ba%lfﬁ?r ound operation after restoring power to the
nEAEIX regraMinga sUpply ReWefet hod of claim 13, further
conpri si ng:

14. The method of claim 13, further comprising:

detecting a controlled power loss event predicted to occur with the
controlled power off command being issued in response to the detection of the
power loss event; and

reading a status register unit of the memory device to determine whether

the memory device is performing the background operation.

15. The method of claim 13, further comprising:

subsequently restoring power o the memory device.
16. The method of claim 15, further comprising:
completing the suspended background operation after restoring power to

the memory device.

17. The method of claim 13, further comprising:
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15 receiving a nmenory acknow edgenent at the host
controller fromthe nenory device in response to the
controll ed power off command or waiting a certain
time period prior to safely suspending the background
operation or conpleting the background operation. 18.
The nmethod of claim 13, wherein if the nenory device
is not perform ng the background operation then the

p r.supply is safel moved, .. 19. Th h 0

C R Rt & PR R SRR Lo BB BRI thene

backgroynd task w thout the host controller havipng an
memGGIegIie8 eRPaTRE 0 ks RNTRIRE RO G G AT o7 PTG

the status r_egti ster unit of the nenory device. 16
certain time period prior to safely suspending the background operation or

completing the background operation.

18. The method of claim 13, wherein if the memory device is not performing the

background operation then the power supply is safely removed.
19. The method of claim 13, wherein the memory device to implement the

background task without the host controller having an awareness of the

background operation until reading the status register unit of the memory device.
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