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(57) Abstract: A memory system and method are provided for adaptive auto-sleep and background operations. In one embodiment,
a controller of a memory system measures an amount of time between when the memory completes an operation and when the con-
troller receives a command to perform another operation in the memory. The controller adjusts a time period after which the control -
o ler enters an auto-sleep mode and/or starts a background operation based on the measured amount of time. Other embodiments are
disclosed
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Memory Svstem and Method for Adaptive Auto-Sleep
and Background Operations

Background
(B8] Some mrisory systoms with norevolatile mernorios {such ss Hash memory}
Bave an swio-sleep Rinetion, Tvpdoally, the controller of such & memory system is
prograsmned with a predetermined thne threshold, and i the mewmory has been wdle Ry
tonger then the predetermined time threshold {e.g., dus o mactivity of @ host), the
connroiler places the memury svsiom in an suto-sleep mode o reduee the current and
pevwar comstimied by the memory systom, Before the memory svatent s puk to sleep, the
corrotler typicaily performos various tesks to prepare for sleep mods, such ag saving aser
and management dala from volatile memory B nowvelatile nemory and powening off
hardwars components, When the controfler senses 8 new conumand from the hest, the
controller typically performs various tacks to exit from sleep mode, such as copying user
and marsgement date from pon-voedatile memory to volatile memory and powstng on

hardware components,

Brief Description of the Drawings
(00621 Fraore 1 s a block dingram of an exemplary moemory system of an embodiment.
[8083] Figure 24 1 o block disgram: of 3 menwry syatem of sn embediment
removably commevted fo a host
fa0e4]  Figure 2B is a block diggram of » memory system of an embodinent embedded
i g host,
[0083]  Figuwre 3 s 2 flow chart of 2 methed of an evbodiment for adaptive auto-slesp.
[006]  Figure 4 is 2 Hew chart of a method of an embodiment for adaptive sto-slesp
wsing intermap and self-loarming ciroutiry.
0671 Fiaure 5 is a graph illustrating adaptive auto-sleep of an embodiment.
[B988]  Figure & iz a How chart of a method of an embodiment {or adeptive background

eperations,
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Detailed Deseription
[BBBY] By way of intrndaction, the helow embidiments relate to a memory system and
method for adaptive suto-sleep and background operations &5 provided. In one
embodiment, a controer of & memory ystom measures an swount of Hme betwoen when
the memory corplotes an operation and when the controller receives a command o
perform another operation i the memeory. The controller adjusts a time period after
which the controller enters wn anto-sleep mode based on the messwred ameunt of time.
0010 Tn some cmbodiments, the Hme peried s adiusted based on the meastred
ameunt of tme and on at least one sdditional amouent of time for ot feast one additional
operation.
I In some embodiments, the thne period can be reduced when the messured
smount of Ume is less thue the dime period, while, in other embodiments, the time peried
is redueed when the mesamed smoont of time i3 less than @ swn of the time period and @
fime it takes the controlier to enter and exit the suto-sleep mode.
{0012 In some ernbodiments, the time peried i increased when the rocssured anwonnt
of time is groager thay the fime period, while, in other embodiroents, the time pedod i3
inorsased when the measured amount of time is greater than @ sum of the time period aad
a thme it takes the controtier 1o enter and exil the auto-sleep made,
813 In some embodinents, the controller measures the amount of time by
measuring Hme between when the contreller receives an end signal via a memory
trtorfice and when the controllor seceived o start sipnal via a host interface,
{0014} In another embodiment, & momory systens is disclosed having & memory and &
controller. The eontroller is configured to measure idle time of the memory and
determine i the measured idle time of the memory s less than or greater than an auto-
sterp threshold, In response o determining that the measured idle tne 15 oss than the
auto-sleep teeshold, the controller deorcases the anto-sleep threshold. In responss to
deterndning that the measared dle time ks greater than the awto~-sleep threshold, the
controller increases the suto-slesp threshald.
FOOES]  Iu some embodiments, the controdler is configured fo measure idle tme by

messtring sn amount of time betwesn when the controller completes an operation i the

[
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moemory and whes the controller recsives w comymand to perform ancther operation i the
FHINOTY.
{0016]  In some ssbodinents, the controler is configunad o measure the smount of

sime by messuring time between when the confroller receives an end sigoal via 8 memory

-w v
)

a8 hesst interface.

Q
b

interfave snd when the controllor reccived o start signal v
{017 In seme embodiments, the contraller i configured to use & plurality of
megsnred idls thnes to determing i the suto-sleep threshold should be inereased or
deereased.

018]  In some embodiments, the aute-sleep threshold fncludes a time it takes the
coniroller to enfer ond extt the auto-slcep mode.

[0019]  In some embodinents, te controller is configured to measure idle thme usiag
interrupt cireuitry aud a clock, and the coutroller is further configuesd (o detormine ifthe
meastred idle dme of the controller Is less than or grewter than the auto-sleep threshold

using self-lesrning civeuiry.

?;1".".,-

B2 In another smbodiment, the above nuthod andfor memary system is used to

perforning adsptive backgronnd operations, v addition o ar instead of perforndag

adaptive awto-slesp,

[0023]  Tn some embodiments, the memory i a three-dimensional memory,

0022 In some embodinents, the memory systen 18 embedded in a host, while, in
ather enshodiments, the memory system is semovably conneeted o a host.

[OUI3]  (iher cmbodiments are pmﬁbi&, aned cach of the embodiments can be used

slone or together in combination,

106824]  As mentioned above, these embodiments generally relate (o a memory system

aed method for adaptive auto-gleep and background operations. Befire mming 10 several

examples, the follow paragraphs present an exemplary memory system that can be used

with these smbodiments.

{023 Twdng now o the drawings, Figuee 1 is & block die;gmm of & memory system

100 of an embodiment. As shows in Figure 1, the memory system 100 of this

cmbodiment coraprises 8 controller H) in commurdcation with g memory die 120, As

~nsed herein, the phesse “a conununicstion with™ conld rssn directly in commanication

I’J_)
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wilh or indirectly in communication with through one or more componsnts, which may or
iy oot be shown or deseribed heretn.

fo020] 1o generd, the controller 110 ransmits convnand sequences for read, program,
and erase operations o the memory die 124, and performs other functions, sz will be
discussed below. The controller 114 can be implomented tn aimy suitable manner. For
example, the controlier 110 can take the form of processing circuliry, 8 MICIOPIOCESSOT OF
processor, and @ computer-readable medioes that stores computer-readable program code
{e.g., frnpware) executable by the (mdoreiprocsssor, fogic pates, swiiches, an application

specifie inteprated civouit {ASIC), a programmeble logic contraller, and an embedded

wicrocomizoller, for example. The contreBer FHY can be configured with hardware andéor
Hrrwage to perform the vadous functions deseribed holow and stown o the flow
diagrams. Also, some of the vomponents shown as belng internal o the controller 110
can alse be stored external 1o the controller 110, and other compotuts can be used.
Y In some embodiments, the memory system 100 comprises g single memory die
120, while, i other embodinwents, the memory system 100 comprises at loast one
additional memory die 125, As used herin, the ke “die” refors to the collection of
non-volaitle memory cells, and associated cirendiry foo managing the physical operation
of those non-volatile memory cells, that gre formed on g ngle senncomnductor substrale,
A memory die may include any suitable non-volatile storage medium, neluding NAND
flasgh memory cells andfor NOR flash menwry cells, The memory cells can take the fonm
of solid-state (e .. Hash) memory colls and con be one-time programmable, few-time
programmable, or many-time programmable. The memery cells can alse be single-fevad
calls {SLOY, muliiple-level cells (ML), triple-lovel ealls (TLC), or use other memary
cell tevel technologies, novw knovwn or later dessloped.  Also, the memory cells can be
fabricated in 8 two-Hmensicnal o three-dimensionsl fashicn,

HIB28]  As shewwn in Figure 1, in one embodiment, the memory system’s contrelier
116 comprises a host interface {(or hest interface modude {THM)) 115, & memory (or
backend) interface 135, interrupt cirenttry 13, 8 clock 155, and selftlenrning cirenifry
148, The controdler 1160 can contain other composicnts as well, sueh as, but net linvited
to, random scoess mernory {RAM), read ondy roemory (ROM {e.g., to store system boot

code), an srvor correction eottroiisy (ECC) engine fo sucode/deconds dass wiitten o and

&
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sead from the memory die 120, and & erypto-ergite to provide encryption andior
decryption sperations.

0029]  The host interfece 113 can take any suitable form, such as, but are vot lmited
to, 8 SATA, SATA Fxpress, SAS, Fibre Channel, USB, PCle. and NVMe interface. The
memory inderfuve 125 can also tuke any sutbakte fonm, such s, but not lmdted to, a flash
tnterface (o2, Toggle Made 200, 400, or 8000, The interrupt eircuitry 138, which takes the
form of a programmabde hardware bloek in one smbodiment, i configured to receive
inerrapts from multiple interrupt sources on evary changs asseclated with data of e servived
command. For example, the intercupts con be host interrupts that ave received vig the host
interfice 115 andior ivterrupts reoeived frons the memory 120 vin the memory inmterface 125,
in one embodiment, the hogt interfice 113 seceives commands from the st and peovides 8
fransaction start signal as an interrupt o the fotreupt clreniiry 130 in rexponse W mesiving
every new conunand. Stuilarly, the memory interface 125 receives 4 transaction end {end-
af-operstion (ECPY) signal from the memory 120 with svery completion of 8 tragssction in
the memery 128

03] Inthis embodiment, when the {ntesrupt cireuitry 130 receives a ransaction
end signal fom the memory interface 125, the lnterrupt circuitry 130 activates the olock
135 {which can be o hardware component thet serves as a real time or nop-real fime cloek).
The interupt cireuitry 130 stops the cloek 135 in response to receiving the ransaction start
signal from the host inferfiee 115, {0 this way, the cloek 135 measures the amount of thne
hetween when the memory 120 completes an pperation to when (he controller 1
veceives 2 conunand to perform another operation in the memory 120, This measured
time is then provided W the self-learning cirenitey 140, which uses this measured time 1o
adjust an mulo-sieep threshold (e, & time period after which the controller 1 {! enters an
auto-sleep mode, which will be dscossed in more detat! below,

[0031]  As used herein, the term “cireuitry™ can vefer te an instruction procassor, such
as a Central Processing Unit {CPU), microcontroller, of & nHoroprocesses; of an
Applicstion Spevifie Integrated Cireuit {ASICY, Programumabie Logie Devige (PLDY, or
Field Programmable Gate Array {FPGAY or a collection of discrete logic or piher cirowmt
components, including analog sircuit components, digital circult components of btk or
sy combination thoreof. Clrenliry may include diserete interconnected hardware

components or may be combined on 2 single Integrated cironit de, & stributed amemg
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wiuttiple integrated cirouit dies, or implemented in & Muliiple Chip Modaole {MOM ) of

multiple infegrsted ciroult diss in a commen package, a8 exanples.

{032 Accondingly, “cironitry” may store o aceess fnsfructions for execution or way
implement s Ruetionality ia hardware alone. The instructions may be stored th a
wmgible storage medivm that is other then a transifory signal, such as & flash memoy, 2
Random Access Mamory (RAMY, 8 Kead Goly Memory {ROM), an Drasabla
Programuoable Read Only Memory (EPROMY; or on o magnetic or optical dise, such as
Compact Dise Read Only Memory (CRROM), Hard Disk Brive (HDDY, or other
magnetic or optical disk; or w or on avother nwching-readable medium. A product, such
as 7 compuder progran product, may nclude s storage medinm and instractions stored in
or on the mxzsiium,. and the instractions when executed by the cireuttry i a device may
sapse the devies to mpdement any of the processing deseribed above or iMustrated in the
drawings.
HHE3}  The implementations may be distrilbnted.  For instance, civeuitry may include
muitiple distinet system components, such as multiple provessors and memories, and may
pan mutiple distribated processing systems, Parsneelers, databases, and other dats
stroctures meay be separstely stored and mansged, may be Incorporsted into a single
menory or datshase, may be logically and phesically organized in many different ways,
sad gy be implemented in many different ways, Example ioplomenistions ischude
inked bats, progravy variables, hash tables, armays, reconds fu.g., database revonds),
objects, and implicit storsge mechaniswrs, nstroctions may form parls {eg., subroutines
or other code sections} of @ single program, may form multiple separate programs, mway
be distributed across multiple memories and processors, and may be implemented in
many different ways, Example implementations include stand-alone programs and pact
of @ library, such as a shaved library like a Dyvoane Link Libvary (DLL) The Bbraey, for
sxamfrle, nay contain shared data and one or more shared programs that includs
instructions that pertorm any of the processing deseribed ahove or illusirated in the
drawings, when executed by the sireuitry. Accordingly, “circuiiny™ may be implemented
T many different wavs and in many different combinations of hardware and software,
[E34]  The wemory system 100 can take any suilatde foom. For exanple, the memory

systemy 100 can be g rerpovable mass slorsge devios, such as, bot not Bmited to, 2

&
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hanadheld, remoevable memory device, such s a memery card {2.2., 8 Sevure Digital {81
gard, & micro Securs Pgitad fmicro-8D1 card, or 8 MultiMedia Card (MMO)), or s
universs! sorial bus (U8B} devize. The momory system 10 can also take the formy of an
cmbedded meass slorage device, such as an eSDVeMMC ambedded fash drive or an
cmbedded or removable solid state drive (8SI3) found i, for example, portable
computing devices, such as laptop computers, and tablet computens.

JOO35]  As shown in Figure 24, in some cmbodiments, the memory system 100 i
remiovably eonnected 1o & host 30 {e.g., where the host 50 and memory system 100 can
sach have mating physical connectors that allew the memory system 100 to be removably
connected o the bost 363, In other embodiments (shown in Figure 2B), the memary
systarn 100 s evobedded St a host 30 (Figuve 283,

JE36] A host can take any suitable forne. A host 38 typieally has a controller and an
interface for comumunicating with tie memory svsiem 100, T some buplementations, the
fost 50 has a eryplo-engine operative fo provide encryplion and/or decryption operations
for conenunteation with the memory system 100 {e.g., for mutual sathentication, key
exchange, and establishiss of a secwre chaonel). The hest $0 can contain other
components {e.g.., a display devive, # speaker, a headphone jack, a video outpt
conpection, ete.). Bxamples of hosts SO inchude, but sve oot Bmiled to, a mobile phone, a
compaler (PO, @ kosk, a set-top hﬂ‘x, a TV westem, a book rﬁef;&dixe Qr any L*ﬁmhinﬁﬁﬁﬂ
thereol.

{0637]  As mentioned fn the background section above, sorae memery systems have &t
ate-sleep function o reduce the current and power consmmed by the wemory systent
when not in use, "}\}f‘piit v, the controdlar of such & msrnory svstem is programmed with
a prodetermined time threshold, and f the memory has heen idle for longer than the
pmd&iﬁmﬁmd time threshold (e, duee o ingctivity of 8 host), the contraller places the
memary systent in an awo-sleep mode. Before the memory system is pul to sleep, the
controler bepically performs various tasks lo prepare for sleep mode, such s saving user
and mansgement data from volatile memory to nowvolatile memery, powering off

*

hardware somponents (2.2, hardwire cores and volatile memories inside the conteellar)

and latehing logic or hardware corgs, When the controller senses & new command from
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the host that requites a mernoey operation, the sontroller ypically performs varions wasks
1o exit from sleep mode, sach as copying user and managemend data from sonwvolatile
oty o volatile memory, powering on hardware comyprmnents, and unlatching logic or
hardware cores. The time it takes for the controlier to exit suto-sleep mode will be
referved to hersin ss "1 and the Hime i takes for the controller to enter auto-sleep mode
will be referred to hereln & ™12

H0038]  The controlier starls the awto-slesp process affer measuring a e T of'ne
memory aotivity, £.2., doe o insctivity of @ host. Hewover, bost processors vary in thelr
fehavior during ifle {po-sotivity} time hased on the type, brand, and model of the host
processor, Also, even the same host processor can change ity bebavior {e.g., bus spred, bus
Bits wicdth, single dam rate ve, dowuble date rade, sl ) depending on the mode nwhich #
operates and the main task 1 is pecforming {e.g., sequential vs. random aotivity, write va, read
vs, erase, gize of detw chonk, ete.), This results in idls time and frequancy that varies from
one devies contratier 1o the other. As such, using a constam {fixed) thne T agaiost which

o msasues @

time of the memery can lead to npa-ideal behavior, @8 a glven te T may
he too short in some siustions and too long inothers. T &5 fixed at & thme that 1 o
short, the controller will enter anto-sleep too frequently, ncarring the tme penalty of tl
and 12 too often, thereby degrading the speed and parformance of the memory system,
This cast occur, for example, when the host is frequendly stopping its sctbeity after T+ M
s, where At snd then golng back o activity right afterwards, Likewise, if Tl
fixed at a me that is oo long, the controller will not enter auto-sleep frequently encugh,
which means that the memory systers 18 consuming mote current and pewer than i needs
Lo,

[0039]  To address this stination, the following smbodinrents can be wed 1o provide an
adaptive auto-sdesp mode. Instesd of using & constant fime T against which o measure
the idle time of the memory 120, an adjustable tine peviod can be vsed. More
specificaily, the time T in which the controller 110 enters anto-sleep mode is adaplive
and dynamically self-adjusted In an optival manner bagad on the actual operation of the
gontroller 110, This allows for optimizing operation of the controlier 118 in sleep nude
in a dynamic manner, thershy lnuproving overall system performance amd achieving less

power consumplion.
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[0040]  Twrning again to the drawings, Figere 3 s a Sow chard 300 that illostrates this
smbodiment. As shown in Figuee 3, the controller 110 measures the ke time of the
memory {act 310 Next, the controller 110 determines W the measared idle i3 less thar or
greater than sn auto-sleep threshold (aet 320). In regpoaise to defermining that the
measured 1dle thes i loss than the awto-sloep thresheld, the conteolier 119 decreases the
auto-sleep Hveshold {act 330}, In response fo determining that the messured idle time s
grester than the auto-sleep threshold, the controller 110 nereases the muo-slegp threshedd
fact 3400, 1o this way, the contrudler 116 can reduce the time periad when the measured
amopnt of time I less than the auto-sleep threshold (thve period T), or less than T plus 1l
snd {2, That is, if the menwry 120 15 idle loss than the time perind T {or less than T plus
t1 and £33, the controller 110 can reduroe the time periad T, which would cause the
memory system 100 to go to sleep muore frequently, Conversely, the controiler 1H can
increase the time period when the measured smotst of thme s more tha the thme period
T {or more than T plus t1 and 123 OF course, other slgorithms e be used, eug.,
depending on the nead of the mewory system 100 for performance snd power
aplimization.

8041} Measuring the idle time and dynandeally self~sdjusting the Hwe period T alter
which the controller 110 enters an apto-sleep mode can be performed in any suitable way,
For example, In one embodient; idle time i measured a8 the sraount of time between
when the memaory 130 completes an operation and when the congoller 110 roeaives 2
command to perform another operation in the mermory 120

{0042]) o one exemplary implesentation, the components i Figure 1 are used, and
Figure 4 is & flowchart 400 that Hustrates the wse of those components. As shown in
Figwre 1, interrupt cireuitey 138 s configured to receive a host mderupt via the host interface
PES andd an interrupt foms the mamory 120 via the memory intevface 1350 T one
embodiment, the host interface TES ropeives commands from the host and provides a
transaction start signsl 85 an inderrapt to the interrupt eircaitry 138 in response & receiving
every new comumand. (An interrupt frors the host 50 can also proopt the costroller 11 o
exit sleep mode. t Similarly, the memory interfaee 123 rogedves o transaction end {end-od
aperation (BOP signgl from the memery L3 with evere completion of & transsction i the

memory 138,
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[0043]  Ax shown in Figure 4, in this embodiment, when the interrupt cirenitey 130
reoeives o travsaction end signad from the mamory interfsce 138 (act 410), the intermupt
clrcuitry 130 sctivates the clock 135 {act 420), which van be & hardware component that
serves aw a real Hme or sone-real time clogk. The clock measures time {act 430}, and the
controller 1180 determines i 2 transaction start signad s received frovs o host {sor 440y,
the transaction sta signal i recedved, the fotorrept clrcuttey 130 stops the chook 135 (ot
4501, In this way, the clock T35 megsures the smonat of time between when the memory
120 complotes an operation to when the controlier 110 receives 5 commmand to perform
another operation 1y the memory 120,

[0044]  This measared time is then provided to the self-learning clooubiey 140 (sct
480, which uses this messured Hime o adjust an suto-sleep tusshold (e, a time period
T after which the controler 110 enters gn suto-slesp mode based on the measured smouant
of time} {act 470% The self-lesrning cireuitry 140 can make these adjustments alter the
completion of every transaction {associated with one or more commands) or alter &
threshold {e.g., after N transactions). Alse, the controller 110 can periodically or
aceasionally inttiate a selfadiusting process associated with the operation of the
confrolier 110 for adjusting (imereasing or decreasing) the time period T baged ou mput
from the selfi-leaming clrcuitry 140, Accordingly, self-adjusting way be performed by
the controfler 110 in 2 dynamie manner, Also, the selivlearning eircuitey 140 can be used
only when the nmemory svstem 100 §s In g cevtain mode. Tn this way, the adaptive
changing of the suto-sleep threshold can be performed only some of the time,

[0045]  Figurs 5 iz a graph that ilustraies this embodiment. Figure 5 s a graph of
current consumed by the memory device 100 versus time. As shown in Figure §, when
the memory devics 100 3 in teep mode {during time Ts}, the memory device 100 is
conmursing o relatively-low level of curvent {in this sxample, 6.0 mA), When the
memory device 130 recetves 8 command from a host (2.8, when the controdler 110
receives @ transaction staet signal), the memory devies 100 spends €1 time coming out of
sleep mnle and Tact ime performing the command. When the nemory deviee 100 s out
of autersieep moda, it consumes a refatively-higher level of current (in this example, 106
mAY. The controller 116 then waits for T time to pass befbre putiing the memary device

100 back inte auto-sleep mode, which requives 12 time,

1



WO 2017/014844 PCT/US2016/036354

{40 1n this embodiment, the self-learming ciretiiry 140 in the controiler 110
monitors the sctust Hime that passes since the controlier 118 completed the last operation
for an existing conunand and until receiving an indication for 8 now request. The time
sincs the controller 110 completes the operation for an exdsting command watll 3t receives
s indication from the host for & aew reguest is represented ag Ta= Ty 43+ TactHt and is
maonitored by the selfdeaming cirenitry 140 on a regular basis and upd( HE sx,wrdm&h
controlier 110 finishes i k‘iﬁiﬁi“e’it}f and until it oty an indication from the host fﬂr‘ the next
activity. If this time Td is much smaller {say by 2 threshold Ta, which can be configured
Wy the controller 1107 than the time TH1H2 for M number of tansactions (M can be s
defined mumbser of transactions and cen be sssociated with one or more commands then T
san be adjusted {reduced) as much as poasible, provided that, in this particule
embodiment, TH1+2>Td, Stmilarly, {5 TTHTIHT2, then the tme T van be adjusted
{inereased) such that T-H1+2-Td.

J0047]  There are severs] alternatives that o be used with these enibodiments. For
sxample, the self-learning mechadsm discussed above for adpusting an auto-sleep
threshold can instead or additionadly be used for adjusting a time pertod after which the
cogrtrotier perfortas o backgrownd operation. A background operation is in contrast to a
foreground operstion, which is an eperstinn that is preferably performed 1o completion
withoot beirg interrapted and typically las o predeterndned completion time. &
foregrownd command is typleally lssued by the host controlier and send to the memory
svstem 106 for execution. Examples of a foregronad command include, but are not
Himited to, a road command, g wiite commund, and an erase corumsrd.

[B648]  In contrast, & background operation sefers to an operstion that can be
preempredinternupted by o foreground command and comtinued at a Tater time. Unlike
foreground cormmuands which typieally have o predetermined completion time,
background commands can have an uneertain completion time, depending on how much
they are interrupted by foreground commands. A backpround command can be
performed whenever possible when no host foreground copmmands are carrently being
executed and after a period of idbe time, Examples of background operstions inchude, bt

are not limised to, deta serambling, colunm replacement, handling write aborts andfor

11
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progran: fattares (vin safe zones), read scrabbing, wear leveling, had block sndder spare

oy

block mansgement, error detection code (EDCY functivmality, statss functionality,
encryption functonality, error recovery, wid sddresy mapping {e.g., mapping of fogical to
physical blocks).
Ei}ﬁéﬁ‘i In the sonw nisnser as desoribed ahaw:_, i Td {the towe frame sinee the

roller 114Y finishes its sotivity and uotil i pets an fndicstion from the host for the next
activity} 15 smaller than the time That14+2 for N number of transactions, then Th {the
thone after wineh a background operation cay be performed) can be adjusted {reduced) &
mueh as possible, preferably provided that Th+tl+2>Td, Accordingly, it
Td>Th+T1+T2, then the time T can be adjusted {incrcased) such that T4l +2>Td,
03] The flow chart 6 in Figure 6 iHlusteates this envbodiment. As shown in the
flow chart 84 in Figure &, in performing adaptive background operations, the controller
PO wmeasures ke time of Gre memory 18 fact 610 and determines if the measured dle
time is less than or greater than a background operation threshold gme after which the
controller 119 porforms g background aperation {sct 6301 I the messared {dle tims s
iess than the threshold time, the contmller 110 decrpases the background operation
threshold time (act 630). However, ¥ the measured idle time s greater than the threshold
e, the contreBer 110 ineresses the backgrownd operation threshold time {act 540}
{151} Finally, as mentiomed above, any seitabhle type of memory can be ased.
Semteonductor momory dovives include volatile memory devices, such as dvnmic
randem sccess menory {TDRAMY) or static random access memory ("SRAM™Y devices,
non-volatile mernory devices, such as resistive random access memory FReRAM™,
clectrivally srasable programmable read only memory (“EEPROM™}, flash raemory
{which can also be considered a subset of EEPROAD, ferroclectric randont access
menory {FRAM™), and magnetoresistive random access mamory CMEBAM®), and other
semiconducior elements capable of storing infermation.  Each type of memory deviee
wiay have different configurations, For example, flash memory devices may he
configured n a NAND or a NOR configuration.
{051} The memory devices can be formed from passive andfor active elements, In sy
combingtions. By way of non-Hmiting exaanle, passive semiconductor memory

3

elements include ReRAM device elements, whieh in some embodiments include 8
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resistivity switching storage eloment, such as an soti-fuse, phase change material, ste.,
and opticwally a steering eloment, such as @ dlods, ete. Fusther by way of non-limiting

example, sclive semiconductor memaery elements include BEPROM and flash memory

:L»

device elements, which in some embodinents include elements containing & charge
storage reglon, such ay a floating gate, sonductive sanoparticles, or & charge stomge
dielectric matevial.

{053] Muliple memory elements may be configueed so that they are conuected in
series or so that sach element is individually sccessible. By oway of non-limiting
VEX.HH]}‘}E&‘Z} flash memory devices i 8 NAND configuration (NAND memory) typically
contadn memery cloments comnected fnseries. & NAND memory array may be
eontfigred so that the arey is compesed of muliiple strings of memory in which a steing
ts composed of multiple memeory clements shaving & siagle bit Hue sad secessed as o
group. Alternatively, memory elements my be configursd so that sach element is
unthvidually sceessible, e, @ NOR memory array. NAND and NOR memnory
vonfigurations are exemplary, and memiory elements may be otherwise confipansd.
[0054]  The semiconductor memory slements focated within andfer over a substrate
may be arranged n two or three dimensions, such as a two dimengdongl memory structues
or a three dimensional memory stracture,

[BSS]  Ina two dimensional memory straciure, the semiconductor memory elements
ars wranged in @ single plane or ¢ single memery devive Jevel, Typically, inatwo
dimensional memory stracture, memory elementy are arranged in g plane (o9, i an x-2
direction plane} which extends substuatially parallel to a major sarface of & substrate that
suppoits the memory elements.  The substrate may be a wafer over or in which the laver
of the memory clements ave formed or 1 may be 3 carrder substrate which is attached to
the memory clements after they are formed, As & nop-limitiag axsmple, the sabsirate
may include s semicomductor such as silicon.

{56 The memory elements may be srranged in the single momory device level in an
ordered array, stuch as in a plerality of rows andfor columns. However, the memory
lements may be arrayed i non-regulsr or non-crthogonal configurations. The meory
clements may each have bvo or more electrodes or contact Hnes, such s hit Hnes and

wiord s,

pu—
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J0ST] A thuee dimensional memory SITEy i BaR gad 50 that memery elomends stoupy
multiple planes or multiple memwory devies levels, thereby forming a structure W three
dimensions (L.e., i the x, ¥ and 2 directions, where the ¥ direction Is substantially
perpendicular and the X and 7 directions are substantially paralle! to the major surface of
the substrate).

[0058]  As 2 non-lmiting example, a three dimensonal memory structure may be
vertically arranged as o stack of multiple two dimensional memeory deviee levels. As
another ron-Hmiting example, & thres dimensional memory amay way be arrmgad %8
multiple vertical columns {e.g., colummns extending substantially perpendicular to the
nwajor surtice of the substeate, Le., i the ¥ direction) with each coluron having multiple
memory elements in each cohumn. The colamny may be arranged Ba two dimersional
configuration, &g, it an ¥z plave, resulting in a three dimensic wal arvangement of
semory clements with elements an maltipls vertically stacked memory planes, Oither

5 can also constindle o theee

configeratinas of memory slements in three dimension
dimensional memory sy

0059 By way of non-Himiting example, in a three dimensionsl NAND menory anay,
the memory elements may be coupled together to form a NAND siring within & single
horizonial fe.2., %-2) memeory device levels. Alternatively, the memaory elements may be

cm;pie{i mgeﬂwr to forny a vertical NANED siring that thaverses goress m aﬂﬁpﬁi& horizoniad

other strings conrtaln memory elements which span through mul“rpix memory levels.
Three dimensional memory arrays may also be designed ina NOR configwation and ina
ReRAM confipuration.

0607 Typically, in a monolithic theee dimensionad memory aay, 0ne of Mo
menery device lovels are formed above  single substrate. Optiowaliy, the monclitie
thice dimensional memery array may also have one or more memary layers at leasy
partially within the single substrale. As a nop-limiting example, the substrate may
inclade 8 semiconductor such as silicon. Fr s monolithic three dimensional array, the
favers constiuiing sack memery deviee level of the arriy see typt ically Formead on the

fayers of the underiving memory deviee levels of the array, However, luyers of adjacent

14
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memory device levels of 8 menolithic three dimensional mesinory sy may be shaeed o
have intervening leyers between memory device levels,

10061 Thes agsia, tvo dinimmﬁs:maﬁ arzays may be formed sepacsicly and then
packaged together to form a non-monolithic memory device having mukiiple favers of
memory. For example, nor-monolithic stacked mumerias can be constructed by forming
memory fovels on separate substrates and then stacking the memory levels atop euch v
other, The substrales may be thinned or removed from the memory deviee levels before
atacking, but as the memory deviee levels are indtially formed over separate substuatas,
the resuiting memary amays are not monofithic three dimensional memory sirays.
Fuarther, mubiple two dimensional memory arrays or three dimensional memory arays
{monolithic or ner-monekithic) ey be formed on separate chips and then packeged
together fo form & stacked-chip memery device.

J0062]  Associated clreuftry is typieally required for operation of the merory clements

and for communication with the memory elements. Az non-Himiling examples, memary

devices roay heve chrowdiry used for controliing and driving memory elements t
accompiish functions such ss progranuning and reading. This associated clrouitry may
be on the same substrste as the memory eloments andier on a separate substrate. For
example, a contreller for memory read-write operations may be located on & separate
voutrobler chip and/or on the samse substrate as the memory elements.

[0063]

One of skill in the at will recognizs that this invention is not Hmited to the two
dimensional and Guee dimensionad exerplary stractures deseribed but cover all relevant
merory structures within the spirit snd scope of the invention o deseribed herein and as
gnderstond by one of skill in the art.

[0064] It is infended that the foregoing detailed desuription be understood as an
Hlustrsiion of selected forms that the Invention san take ansd not a8 o detinition of the
imvention. 1 is ondy the foellowing clabing, inclading sl equivalents, that are intended
define the seope of the claimed iyvention. Finally, it shoald be noted thet any aspect of
any of the preferred embodiments deseribed hevein can be used alone or in combination

with one anether,

[y
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What is claimed i

1. A method for performing adaptive auto-slesp in a memory system, the method

comprisiug:
perfornying the following in a controller of @ memory system having 8 memory:
meastring an smownt of tow botween when the memory compietes an
operation and when the controller receives o command to perform anothey
operation in the memeory; and
adjusting a thme period after which the controdler enters an auto-sleep

mode based on the messured amount of tine,

A The wethad of Claim 1, whereln the time period is adjnsted based on the

micasured amount of time and on at least one addiionad amount of time for &t least one

sdditiorl operation

3. The method of Claim 1, wherein the Uime perlod is reduced when the measured

amount of Hme is less tan the time pesiod.

4 The method of Claim 1, wherein the time peded s reduced when the measured
amreunt of Hre s lexs thaw a sa of the time period and a tme # {akes the controller o

enter and exit the auto-sleep mode.

5, The method of Clabme 1, wherein the time period 15 toereased when the measared

sngonst of thine is greater than the tme period.

16
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£, The method of Claim 1, wherein the fime period s incressed when the messured
amount of time is greater than a sum of the time period sud 8 tme I takes the controfier
to citer and exit the suio-sleop muode.

£ The methed of Claim I, wherein the controtier measores the mnowunt of time by
measuring time between when the controller recaives an end signal via & memory

interface and when the controller received a start sgnal via s host interface.

5. The methed of Clalm 1, wherpin the memwry is 3 theee-dimensional memory.
4. The method of Claim 1, whereln the memory sysdem 15 embedded i a host,

1, The method of Claim 1, wherein the momory sydten is removably connected 10 8

host

11, A memory sysiom comprising:
& ey and
2 controller in communication with (e memory, whereln the costroller is
configussd
mcasure idle dae of the memory; and

determine if the moasured idle Gme of the memory is less than o greater

than an swto-sleep threshold;

-
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in response 1o determining that the measweed idle tne is less than the
sutoeslzep threshold, decrease the muto-sleep threshold; and

in response fo defermining that the measured idle time 13 greater than the

=

auto-sivop throsh & anto-sloep threshold

12, The memory system of Claim 1, wherein the controller is confignred o measure
idle tine by measuring an amount of tme between when the controlier completes an

operation in the memory and whea the controller receivis a conuand o perform saother

opuration i the memory.

13, The memory system of Clain 12, whereln the controller is configurad © measare

via @ memory interface and when the controfler received @ start aigrad via a host interface.

14, The memory sestem of Claim 1, whersin the controller Is configured o use a
plurality of measured idle imes to determine i {he awto-sleep threshold should be

tncreqsed or decreased.

13, The memory system of Claim 1, wheredn the anto-sdeep theesheld ooludes a

fime it tekes the controtler Yo soter and exit the suto-sleep mode,

16,  The memory svstem of Claim 11, wherein the controller s configured 1o measure

idle thme using nterrupt chreuitry and a clock, and wherein the controller is further

18
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confignred to determing i the messured idle time of the controller is less than or grester

than the auto-sleep threshold using self-learving civpuitry.

17, The menwory system of Clatim 1, whersl the momwry s 8 throe-dimensional

FIEITY.
18, The memory system of Clalm 1, wherein the nemory system is embedded ina

haost.

19, The memory system of Cladm 1, whereln the msmory system is seipovably

v

pensttected 1o s host

W A methed for performing adaptive background operations in a memory system,
the mcthod comprising:

performing the following in 2 controller of 2 memory system having & memory:

P

megstiring an amount of Gme betweon when the controller completes an
operation fn the memory end whe the controller receives a command to perform
anothor operation in the memory; and

adjusting a tiwe period alier which the controller performs & background

operation bassd ot the measured amount of time.

%
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91, The method of Claim 20, wherein the titne period i adjusted based on the
measured amount of time and oo af least one additional anwant of time for at least g

additional operation.

22, The method of Claim 20, whereln the time period i3 reduced when the measued

armount of Hme is less than the time period.

. The method of Claim 20, wherein the time period is increased when the measured

amount of tme is greater than the time poriod,

24 The method of Claira 20, wherein the conirolier measwres the amount of time by
mensuring time between when the controller receives an end sigaal via & memory

interface and when the controller received & stant signal via a host interface.

M5 The method of Clain 20, whoreln the memery is o thres-dimengional memory,

26, The method of Claim 20, wherein the memory system is smbedded ina host,

27 The method of Clsim 20, wherein the memory systent is removably connected to

a host.

R, A MmOy system comprising:

§ ROy, and

20
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1 controller in commaunication with the memory, wherein the controfier i
configured to:
messure idle time of the memory; and
determine F the measured dle time is Joss than or gregter than o
rachzronnd operation threshold thue after which the controller performs a
background operation;

in response t determining that the measured idle time 18 fess than the

hackground operation threshold time, decrease the background operation
trreshold time; and

in response 1o determining that the measured idle time is greater than the

threshold thne, increase the hackground operation threshold time.

26, The memory system of Claim 28, wherein the contreller is configured o measure
idle Hime by measwring an amount of tine between when the contralier completes an
speration in the memuory and when the controlier receives g command to pertirm ancther

speration o the memory.

30, The memory svstem of Claim 29, wherein the controlier s configared o measurs

the anount of Gime by measuring Hme botwesn when the controtler resefves an end signal

via @ nemory bnerface and when the controlier received o stast signal via a host interface.
A
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3L, The memory system of Claim 28, whersin the contmelier 18 configured o use &
plurality of measured idle times 1o determine if the theeshold showld be inereased or

decrensed,

33 The memory system of Claim 28, wherelu the coutroller is configured to measure
idle time using interrupt cireuitry and a clock, and whevein the controfler is further
configured to determine if the measured idle tme of the controller s less than or greater

than the threshold using self-learning sircuttry.

33, The memory system of Clains 28, wherein the memory 13 a three-dimensional

THETHITY.

34, The memory system of Claim 28, whereln the memory system s emnbadded ina

host,

35, The memory svetem of Claim 28, wherein the memory System (s removably

connected toon ot
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