WO 2007/ 145967 PCT/ US2007/ 013273 METHOD AND APPARATUS FOR MANAG NG BEHAVI OR
OF MEMORY DEVICES FIELD OF THE | NVENTI ON [ 0001] The present invention
rel ates generally to menmory devices and in particular to managi ng behavi or

of , includin r_consunption trade-offs in, flash S.
BAG(G?QJNE}‘B%O"%&E%W\NEI\I‘H ON [0002] Fl ash nenory devi ces%ééio@@yezlqued into
a popul ar source of non- volatile nenory for a wi de range of electronic
applications. Flash nmenory devices typically use a one-transistor nenory
cell that allows for high nenory densities, high reliability, and | ow power
consunption. Common uses for flash nmenory include portable conputers,
personal ,digital assistants (PDAs), digital caneras, portable nusic

pl ayers, and cel | ul aMEFHEPBoADD AFPARATUSBEOR MANAGINGa such as a basic
i nput /out put system (BIOS), and other firmwvare can tégi cally be stored in

flash nmenory devices. MNaBERAYIORQGFMEMORSDEVI igned with a single

flash nmenory device. [0003] Two conmon types of flash nenory array

architectures are the " NAND'F#%EE’)&%I?%WPWGS’ so called for the

resenbl ance whi ch the basic mory confrguration of each architecture
has to a basic NAND or NOR gate circuit, respectively. In the NOR array

archi tecturejodolp Thegiredtat W@d@l@layesﬁ%de&amf to inkenoTy evjceahdynar e
arranged in a matri x. The gates of each floating gate nenory cell
particular to managing behavior of, including power consumption trade-offs in, flash

memory devices.
BACKGROUND OF THE INVENTION

[0002] Flash memory devices have developed into a popular source of non-
volatile memory for a wide range of electronic applications. Flash memory devices
typically use a one-transistor memory cell that allows for high memory densities, high
reliability, and low power consumption. Common uses for flash memory include
portable computers, personal digital assistants (PDAs), digital cameras, portable music.
players, and cellular telephones. Program code, system data such as a basic
input/output system (BIOS), and other firmware can typically be stored in flash
memory devices. Many electronic devices are designed with a single flash memory

device,

[0003] Two common types of flash mmemory array architectures are the
“NAND” and “NOR” architectures, so called for the resemblance which the basic
memory cell configuration of each architecture has to a basic NAND or NOR gate
circuit, respectively. In the NOR array architecture, the floating gate memory cells of
the memory array are arranged in a matrix. The gates of each floating gate memory cell
of the array matrix are connected by rows to word select lines (word lines) and their
drains are connected to column bit lines. The source of each floating gate memory cell
is typically connected. to a common source line. The NOR architecture floating gate

memory array is accessed by a row decoder activating a row of floating gate memory



of the array matrix are connected by rows to word select lines (word |ines)
and their drains are connected to colum bit lines. The source of each
floating gate nmenory cell is typically connected. to a commopn source |ine.
The NOR architecture floating gate nenory array is accessed by a row
decoder acWPV87I4¥6A row of floating gate memory WO 2001??%@@@%”’”

PCTI US20071 013273 2 cells by selectiAg the word |ine connected to their
gates. The row of selected nenory cells then place their stored data val ues
on the colum bit lines by flowwing a differing current if in a programred
state, or non-programmed state fromthe connected source |ine to the
connected colum bit lines. [0004] A NAND array architecture al so arranges

i ts arr ayllgby sdle@irigheabRl line tBrinecea] fothkit gatdsntTHexon6fselditdd ireendigt es of
each floating gate nenory cell of the array are connected by rows to word

lines. ldelleethen pacehthesboredaddth vakienon tHe celuniry bitdimes bytflving axdiffetinge | i ne
and a colum bit line. Instead, the menory cells of the array are arranged
t oget hecurigntifin agrogrammed) stateopr mon-prograpmesd statg Foapidy coppested spircRenor y

cells in the string are connected together in series, source to drain,
bet meen%ﬂeégm%??m%&ﬁdccéﬁ\‘wﬁ‘gb‘;ﬁﬂesa colum bit line. The NAND architecture
floating gate nenory array 1is then accessed by a row decoder activating a

row of float tMFaP@NWMr&}eHcﬁth&ur@ﬂh?ﬁHaﬂgeé hieamay Of ABhERY ghiene
connected to their gates. In addition, the word |ines connecteg to the

gat es oimdrheryweiklieatreatrivesmrhythaethegatds af @ath Hbating gateemeinooy dell vethe
However, the unsel ected nenory cells of each string are typically driven by
a hi gheprrayzre couneciesbby sows te svasgdings e Hoveaviea saghnaemary rcsﬁ 4% oetdizerdly
al I ow ngo}ubeecrfgc} fof gg\frcg f Eea%:i a column bit line. Instead, the memory cells of the array
are arranged together in strings, typically of 8, 16, 32, or more each, where the memory
cells in the string are connected together in series, source to drain, between a common
"source line and a column bit line. The NAND architecture floating gate memory array
is then accessed by a row decoder activating a row of floating gate memory cells by
selecting the word select line connected to their gates. In addition, the word lines
connected to the gates of the unselected memory cells of each string are also driven.
However, the unselected memory cells of each string are typically driven by a higher
gate voltage so as to operate them as pass transistors and allowing them to pass current
in a manner that is unrestricted by their stored data values. Current then flows from
the source line to the column bit line through each floating gate memory cell of the
series connected string, restricted only by the memory cells of each string that are

selected to be read, thereby placing the current encoded stored data values of the row

of selected memory cells on the column bit lines.

[0005] NAND flash memory array architectures of the type discussed above are
generally known as discussed, for example, in U.S. Patent no. 6,975,538 and U.S. Patent
no. 6,977,842, assigned to Micron Technology, Inc., which are hereby incorporated by

reference in their entirety.



in a manner that is unrestricted by their stored data values. Current then
flows from the source line to the colum bit line through each floating
gate nenory cell of the series connected string, restricted only by the

menory cells of each string that are selected to be re £ pl aci ng
the currentOHIHEE st ored data val ues of the row of ;&%@Eﬂﬁ[ﬂféhry cells
on the colum bit lines. [0005] NAND #1 ash menory array architectures of the
type di scussed above are generally known as di scussed, for exanple, in U S
Patent no. 6,975,538 and U. S. Patent no. 6,977,842, assigned to Mcron
Technol ogy, Inc., which are hereby incorporated by reference in their
entirety. WO 2007/ 145967 PCTI US2007/ 013273 3 10006] NAND fl ash nenory

devi ces are [goo6h NeNDrlush meshonp devices atbengased heot nadimsredne to t he
potentially high nmenory densities at relatively low cost. In order to get

hi gher eombumerralectraycscdue sthepotentinllydsighmemony denpsities atgretatively lovd nor e
dies in the_sane package.to get those desired densities. Dual die packages
as wel FosisIyoederdp geh yaadhigher capagilips iSYVFnbé?SIWFEW 2L% BYHUEIROEE | ssues
with current consunption and, nojise. vi ronment al t I

I ncreas rgﬂprgfcﬁ%scq\rigtﬁg?%eip&gka ?Pon%%gﬁ?/ 0%%?%@5%‘%%%&%@%%%@%% #h ni gh
packi ng I J ; Q%E : WyecY i ' | so have
operati ﬁ%ﬁ%égsa asdv{nei? % g %Qg}ésystee%ﬂ—gég‘lggtrﬁgy%%a(flégéeﬂg%ﬁlggs\ﬁgg#&gg%ﬁndi ng on

envi r ongaiuatpticitund RoiseFEnvirdhhmes, factohamabellsh herasimhghpuffba\opetakbnmodes
of operation: a first for high performance operation where the device is

pl uggedof memaay dewidestespacially ghaseiwithhigh packing densities.
[0007] Consumer devices such as those described also have operating modes
with which a system designer may be concerned, depending on environmental factors.
For instance, a handheld device may have two modes of operation: a first for high
performance operation where the device is plugged into an outlet and there is no
concern for power depletion, and a second for modes where a battery is used and peak

currents and depletion of power are issues.

[0008] NAND memories have operating cycles that consume large amounts of
current. Such current peaks can be reduced, but the performance of the memory would
be adversely iﬁpqcted. By placing circuits that limit the current in the charging path of
‘some cycles, the maximum current could be controlled. However, it would take longer
to pass that amount of current to the node that needs it. Also, as mentioned earlier, the
device that is sold to the system designer may include multiple stacked NAND flash
memories. In those cases, the peak currents add up and create significant problems for
the system. In a system where the die is used in a quad stack, the total peak current
gets quadrupled. The system designer may want smaller peak currents which may.,

negatively impact device performance.

[0009] Accordingly, there is a need in the art for an improved method and
apparatus for managing operation of an integrated circuit device in accordance with

environmental influences, such as, for example, the power consumption in a an



concern for power depletion, and a second for nodes where a battery is used
and peak <currents and depletion of power are issues. [0008] NAND nenories
have operating cycles that consunme |arge anounts of current. Such current
peaks can be reduced, but the performance of the nenor | dversely
i mpact ed. “BY 2M74&%AG circuits that linit the current iﬁ’ct%”ihﬁ’g%g?sﬁg pat h of
some cycles, the maxi mum current coul# be controlled. However, it woul d take
| onger to pass that anount of current to the node that needs it. Also, as
mentioned earlier, the device that is sold to the system desi gner may

i nclude nmultiple stacked NAND flash nenories. In those cases, the peak
currents add up and create significant problens for the system In a system
wher e t lintegrated sirgsit,dor exan@is tnatankdetibes with al flashakemory detice gwding one
quadrupl ed. The system designer may want snaller peak currents which may,,
negat i vexgmpipets memoyedgyied. or mance. [ 0009] Accordingly, there is a need in
the art for an inproved nethod and apparatus for nanagi ng operation of an

integrated circuit devi ' ﬁ&%#ﬁ‘?ﬁ | | tal influences, such
as, for exanple, the po%@f‘tgonsu IO R‘%?ﬁ%%ﬁ@@%?%%?
PCTI US2007/ 013273 4 integrated circuit, for exanple, nenory devices with a

flash menory [oeo] C%etra'ter@m? 8nd oWIRIdY afifages BRABEMUER\OfGRe irBRINEDN will
DESCRI PTI ON OF THE DRAW NGS [ 0010] The foregoi ng and ot her advantages and

f eat ur edbeahotehmeadily antlecstood Flom ke folloering ddtailed dedeniption df thednmvemigon

follow ng detailed description of the invention . )
provided below with reference to the accormpanying drawings, in which:

[0011) FIG. 1is a flowchart of a method in accordance with the invention;

[0012] FIG. 2is a block diagram of a first exemplary portable device including a

memory constructed in accordance with the invention;

[0013] FIG. 3 is a block diagram of a second exemplary poi'table device

including a plurality of memories constructed in accordance with the invention;

[0014] FIGs. 4A, 4B, and 4C are block diagrams of a memory constructed in

accordance with the invention;

[0015] FIG 5 is a block diagram of a third exemplary portable device including

a plurality of memories constructed in accordance with the invention; and

[0016) FIG. 6 is a block diagram of a fourth exemplary portable device

including a plurality of memories constructed in accordance with the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0017] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the

invention, and it is to be understood that other embodiments may be utilized, and that



provi ded below wth reference to the acconpanying draw ngs, in which: [0011]
FIG 1 is a flowhart of a nethod in accordance with the invention; 100121
FIG 2 is a block diagramof a first exenplary portable device including a
menory constructed in accordance with the invention; [0013] FIG 3 is a

bl ock™ di agM¥h%87143%decond exenpl ary portable device inBFfTNFNEM3Purality
of menories constructed in accordance™w th the invention; [00141 FIGs. 4A
4B, and 4C are bl ock diagranms of a nenory constructed in accordance with
the invention; [0015] FIG5 is a block diagramof a third exenplary portable
device including a plurality of nenories constructed in accordance with the
I nvention; and [0016] FIG 6 is a block diagramof a fourth exenplary

por t abl gHRUIGE logiRal, %ﬁﬂr %cm&id&'l Hﬁ%}%e&h b R{Eel ﬁﬁh&@f&éﬁa‘iﬁhg‘i‘r&ﬂ thecor dance

wi th the- 1 nvention. LED DES PTI OF THE I NVENTI'ON [0017] In the

fol | ow npirdtedral s@peddshe ppisenninverfien.cThe progressien bbptdiessiag sppanyi ng

drawi ngs, which forma part hereof and show by way of illustration specific
enbodi nateseribed istexemplany ofrthe smbodimeantsisd the inventien; hawever, tihiedueneref are
descri bed in sufficient tget ail to.enable ,those skilled i.n_the art, to

practi cSERTdS nphligyiteddg thabzet forth herein pad mapbe changediasds kpAwm 1BB8 8ftrent s
2 kR SRR AR VAR R Ao
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be employed with other integrated circuits where operational management, e.g., power
management, is desired. In the ensuing description, the environmental inﬂuemfe of
how an integrated circuit device, e.g., a memory device, is powered is used to affect
operation of the device. However, the invention is not limited to how a device is
powered as the environmental influence, as other environmental influences, such as
temperature, humidity, power supply or other noise condition, pressure,
electromagnetic interference (EMI), and other environmental parameters which may

affect operation of the integrated circuit may be used as a sensed parameter for

changing operations of the integrated circuit.

[0018] In accordance with exemplary embodiments of the invention, a
technique for method of managing power consumption by a memory in a memory
device includes determining whether the device is powered by a depletable power
supply, and if it is determined that the device is powered by a depletable power
supply, changing a behavior of the memory to regulate power consumption.
Furthermore, in accordance with exemplary embodiments of the invention, a method of
managing power consumption by a memory in a memory device includes determining
whether the device is powered by a current-dependent power supply, and if it is
determined that the device is powered by a current-dependent power supply, changing
a behavior of the memory to lower power consumption. The user, e.g., the system

designer, may predetermine the behavior to be changed by storing within the device



described is exenplary of the enbodi nents of the invention; however, the
sequence of steps is not limted to that set forth herein and may be
changed as is known in the art, wth the exception of steps necessarily
occurring in a certain order. Al so, although the invention is described
with refer dh@EMEA456% | ash nenory device, the invention P&FUSRYWFIRE enpl oyed
with other integrated circuits where operational nmanagement, e.g., power
managenent, is desired. In the ensuing description, the environnental

i nfluence of how an integrated circuit device, e.g., a nenory device, is
powered is used to affect operation of the device. However, the invention
Is not limted to how a device is powered as the environnental influence,
as ot heropiritibdlentral paninketencwhichsdte Belasted tir aperd hnceewithihowd ithie/ devicesr
supply or other noise condition, pressure, electromagnetic interference
(EM), gpaivetteder environnental paraneters which may affect operation of the
integrated circuit may be used as a sensed paraneter for changing

oper ati ons of integrated circuit. [0018) |.nh accordance w th..exenplary
embodi ment s Jpaﬂﬁe I?Qﬂvgfﬁ?%'ﬁ‘,g q tﬁf’ é‘&”ﬁ%sqﬁée%%w%?m?ﬂaqﬁaeﬁﬁﬁgéi power
consunptg LYad : ' i 8¢ Lge S } R} W t he
devi ce iéé&ggggéfgﬁ)@ a %‘g?tgatra e %59\%?“%&8%:&)?/ anglrlfgaﬁﬁvg%gérg%t rm n‘gf(r:l
that the g&sH SenicryRRvVakecs gby N REPH gitodlefhddp \HRiice SatRptding @b aR @ixBfhplary

behavi or of the nenory to regul ate power consunption. Furthernore, in

accor darsrebodittend xf tid srventiohoditrstep 3101t is Hetermired by a determiningicinduit

managi ng_power consunption by a nenory in a ry device igﬁ%édes ..

det er m FHgs- Zanet fifer prilashapsrpery depishuhethes g?ve_ ERLG A ERRIERTDiRer

23??;%% _cgég)p%t:_a]x leeI réo%%&\sﬁo?ﬁéeﬁ %%q, 31?1 C%sg %tgﬁhg& g?‘a’l'ﬂ%?l—&eﬁ:l@t%%er }?tgwgly sdirce 140,
such as a wall outlet power source or a computer connection. The non-depletable
power source 140 may also supply power to the NAND flash memory device through
the depletable power source 130, such as occurs during charging or re-charging of a

battery or other type of depletable power source. This will be detected as the non-

depletable power source 140.

[0020] Step 120a requires power consumption to be lowered when the pdwer
source is a depletable power source 130. Accordingly a behavior of the memory which
affects power consumption is changed in a way to lower power consumption. This
may be effected, for instance, by decreasing the speed of write operations of the NAND
flash memory 210 (FIG. 2), or by decreasing the maximum current supplied to the
NAND flash memory 210. These are but two non-limiting examples of how the
behavior of the memory may be changed to lower power consumption. If the power
source is a non-depletable power source 140, then unlimited power consun;\ption is

allowed (step 120b). The foregoing steps may be implemented in software, if desired.

[0021] FIG. 2illustrates a first exemplary portable memory device 200
including a NAND flash memory 210 constructed in accordance with the invention.
Portable memory device 200 includes a first power interface 230, second power

interface 240, NAND flash memory 210, and a determining circuit 220. NAND flash



a behavior of the menory to | ower power consunption. The user, e.g., the
system designer, may predeterm ne the behavior to be changed by storing

wi thin the device WO 2007/ 145967 PCT/ US2007/ 013273 6 operational control
par amet ers%%&@ll%@% selected in accordance with how the device is powered.
[0019] Now referring to the figures, where |ike nuneral SCHESTYHARES i ke
elenents, FIG 1 is a flowhart describi ng a nmet hod of nanagi ng power
consunption of a flash nmenory device, e.g. a NAND flash nenory devi ce,
according to an exenplary enbodi ment of the invention. At step 110, it is
determ ned by a determining circuit (FIGs. 2 and 3) for a flash nenory
devi ce whet her the power source of the device is a depletable power source
130, suahemary2b@irickides atordrol @ircdit 21 Bivakhich npoybe asmssatbbit ik deternining a
wal | outlet power source or a conputer connection. The non-depl etable power
sour ce Kimuitd20saryba sommand/oopfigurationsegigt®b212.ash nenory devi ce t hrough

t he depl et abl e power source 130, such as occurs during charging or
re- char gi ng ttery or other. t .of depl et abl rce, This
W e der edbe , et pRtveRintFtiett P i bk R Soriee pRRBlesBSpEEpel® S0a
require fRAbH R Roki PeelB0! ST %%}Ed' bk m&g S8V s Red T0 2
depl et agﬁogqﬁ?)\%gr souﬁ%e 92%8 cﬁ?@or%éﬁyea eﬁavi 5r 0 aﬁ'ue mgm)sy ?/\/ni ch
af f ect s daweét FRAHIM RNy devi RaIDRE niod-depletibledpdwiesortove40. COBRMMRIhgN.
This may be effected, for instance, by decreasing the speed of wite
oper at i cmsuf220 letevaNbes Mhadhpowepinterfda®@ 2301 230 i3 pctumllyreceluingpawenfor he
maxi mum cur r.ent suppliedtoth? . L. . .
portable memory device 200. If determining circuit 220 detects that power is being
received through second power interface 240, no further action is taken by determining
circuit 220, and NAND flash memory 210 is allowed to draw all power required from

non-depletable power source 140 via second power interface 240 for any operation.

[0023] However, if determining circuit 220 detects that power is being received
through first power interface 230, then determining circuit 220 instructs control drcuit
211 within NAND flash memory élO to utilize power according to predetermined
trade-off conditions, which are stored as operational parameters by a user as one or
more values in command/configuration register 212. Control circuit 211 accesses the
one or more values from command/configuration register 212 corresponding to the
predetermined trade off condition, and instructs other circuitry (not shown) within the
NAND flash memory 210 to perform accordingly. As discussed above, the power
utilization may be effected, for instance, by decreasing the speed of write operations of
the NAND flash memory 210 by controlling a write command clock frequency, or by
decreasing the maximum current supplied to the NAND flash memory 210 through a

current limiting circuit.

[0024] In an alternate embodiment, the non-depletable power source 140 may
be connected through the first power interface 230. For instance, the non-depletable
power source 140 may be supplied to and through the depletable power source 130;

such as occurs during charging or re-charging of a battery or other type of depletable



NAND fl ash nenory 210. These are but two non-limting exanples of how the
behavi or of the nenory may be changed to | ower power consunption. If the
power source is a non-depl etable power source 140, then unlimted power
consunption is allowed (step 120b). The foregoi ng steps. nmay be inopl enented
in sof t warWO 274887 red. [0021] FIG 2 illustrates a fi#@%ﬁ‘gﬁbﬁﬁy
portabl e nenory device 200 including®a NAND fl ash menory 210 constructed in
accordance with the invention. Portable nmenory device 200 includes a first
power interface 230, second power interface 240, NAND flash nmenory 210, and
a determining circuit 220. NAND fl ash WD 2007/ 145967 PCT/ US2007/ 013273 7
menory 210 includes a control circuit 211, which may be accessed by the

det er m Ipovger souk@Uilh tAsase ndbtermipii@ tidhao2E0 giay alscodeteettthe trin-ddpletapR022 |
The first power interface 230 is used' to connect portable nenory device 200
to depl goatirsoposeckd0dbrough thedirshindenfage 288cond power interface 240 is used
to connect portable nmenory device 200 to non-depl et abl e power source 140.

Dot et 0 ARG e SR SR AR et 4R, 5
circuit u%@lgggfgt ﬁgﬁ?afrimf MAMD flash *ﬁ?éxﬂgxéi%sr ﬁ”gﬁd&)‘gger CRIAGHIR SREARE WA

. e
interface r action is ta mning circult 220, and

NAND f | g&{er BRI 'Boréable hfendbrycd@bcd 3000dhalidek b frsVsweeEitériad I3008acond
non- depl et abl e power source 140 via second power interface 240 for any

oper at i powdrGoRsface34@ determihinieciecuit 320 gnd iarpluiality 20 NisNEE flasht hemagrieser i s
being received through first power interface 230, then determ ning circuit
220 i nstllystrated a5 firss) sesppd gngd third NAND flash memories 310. Each NAND flas

memory 310 includes a control circuit 311, which may be accessed by the determining

circuit 320, and a command/configuration register 312.

[0026] The first power interface 330 is used to connect portable memory device
300 to depletable power source 130, and second power interface 340 is used to connect -
portaEle memory device 300 to non-depletable power source 140. Determining circuit
320 determines which power interface 330, 340 is receiving power for portable memory
device 300. If determining circuit 320 detects that power is being received through
second power interface 340, no further action is taken by determining circuit 320, and
NAND flash memories 310 are allowed to draw any power required from non-

depletable power source 140 via second power interface 340 for operatibn.

[0027] However, if determining circuit 320 detects that power is being received
from depletable power source 130 through first power interface 330, then determining
circuit 320 instructs each control circuit 311 within each NAND flash memory 310 to
utilize power according to predetermined trade-off conditions, which are stored by a
user as one or more values in each command/configuration register 312. Control circuit
311 accesses the one or more values from command/configuraﬁon register 312
corresponding to the predetermined trade off condition, and instructs other circuitry

(not shown) within the respective NAND flash memory 310 to perform accordingly.



211 within NAND flash nmenory 210 to utilize power according to predeterm ned
trade-off conditions, which are stored as operational paraneters by a user
as one or nore values in command/ configuration register 212. Control

circuit 211 accesses the one or nore val ues fron1connag&/%on%}ﬁifation

regi ster W9 23{#8€honding to the predeternined trade *&GHUSEHHE #3on, and
instructs other circuitry (not shown)?within the NAND flash menory 210 to
perform accordingly. As di scussed above, the power wutilization nay be
effected, for instance, by decreasing the speed of wite operations of the
NAND fl ash nenory 210 by controlling a wite command cl ock frequency, or by
decreasing the maxi mum current supplied to the NAND flash nmenory 210 through

a current |igrdohNg, Chi CUl - '(rﬁﬂ,

non- depl et abll@%gv\g?s élggtggcs%d f&ggﬁg}e b E@ggﬁlﬁ%fﬁ%%&t e&f?e:égecﬁeg\f\er

| nt er f agge tibincE a@&baaﬁg thé §i5eeBQU vAISIR| Ffetichs JTANE PLEAUKESE NAND®Aske
supplied to and thHrough the depl etabl e power source 130, such as occurs
during chemgiiag31o by eontralligigioweite eorhfiahdrdodk freqinaicy gpley décrdagihgtiabl e WO
2007/ 145967 PCT/ US2007/013273 S power source. In that case, determ ning

ci r cui t m@0mwm carrent gepplied tonthepduraligp PENABYVP flasbwaemengs 810 thyoughpough t he
first interface 230. [00251 FJ G 3 il] ust ratqeqi %,si(agond exen$>l ary portable
merory  Garens ligyng iciepifqifnptherdradesptf wow RSTYCERPHE AR " $10

d.d iLth th ' {iqn. [ 300
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det er m nhaghpié, etiss t3ofe o Bobrd P ki RIANT fRkh MHdRofib&STD FBYWelifSecessible or

have limited accessibility, which is controlled by the respective control circuits 311.

[0029] In an alternate embodiment, the non-depletable power source 140 may
be connected through the first power interface 330. For instance, the non-depletable
power source 140 may be supplied to and through the depletable power source 130,
such as occurs durihg charging or re-charging of a battery or other type of depletable
power source. In that case, configuration/command register 320 may also detect the

non-depletable power source 140 through the first interface 330.

[0030] FIGs. 4A and 4B are block diagrams of the memory 210 constructed in
accordance with the invention. FIG. 4A shows a memory constructed for current
limiting, in which the control circuit 211 receives the result of the determination from
determining circuit 220 and accesses a value stored in command/configuration register
212, where the value has been pre-programmed via line 430. Control circuit 211 then
instructs a current limiting circuit 410, which receives power from either power
interface 230 or power interface 240, whether to limit power to the rest of the memory
210 (not shown). FIG. 4B shows a memory constructed for timing alteration, in which
the control circuit 211 receives the result of the determination from determining circuit
220 and accesses a value stored in éommand/configuration register 212, where the value
has been pre-programmed via line 430. Control circuit 211 then instructs a clock 420

whether to alter timing to the rest of the memory 210 (not shown).



illustrated as first, second and third NAND flash nmenories 310. Each NAND
flash nmenory 310 includes a control circuit 311, which nay be accessed by
the determining circuit 320, and a command/ confi guration register 312.

[ 00261 The first power interface 330 is used to connect_ portabl e nmenory
devi ce SOﬁoﬂﬁnﬂﬁgpbtable power source 130, and second HSWEYEIF ace” 340.
is used to connect portable nenmory d¥vice 300 to non-depl et abl e power
source 140. Determning circuit 320 determ nes which power interface 330,
340 is receiving power for portable nenory device 300. If determning
circuit 320 detects that power is being received through second power

I nterface 340, no further action is taken by determning circuit 320, and

NAND f | ash e ate allowed to draw.a r_requir from non-
depl et abl e g@&gﬁ] S}L}%ggcfji'@“{f’i %@mﬁggﬁgﬁeﬁ?‘gﬁ%&“ﬁﬁ l’l’%%ngpaé‘?at i on.
[ 0027] Iﬁwﬁv L 00 0y S | g% E}ﬁe‘d%t 3haRBWBEutatidhe! NY
recei ved - r%%ted'é%?'g’f‘g%g pomragé@?%%m% t rouﬁ%r st)t?%oy\/gir1 Interface
330, theRgeirenDivii e 450 ANeWE cSRQol ApdIitELIStoRRESRIDRIWRGtheT foopérfordd 1 Wi t hi n
each NAND flash nmenory 310 to wutilize power according to predeterm ned
t r ade- of durcsmtdinbitiogsor tishinghaltaretien df dsfermyining cisarit 320 baedetermined that ues i n
each command/ configuration register 312. Control circuit 311 accesses the
one or rAfretpblerover somreebispasTing theaariable mgmaeryrdeyice 2Q0, Ip@8pondi ng to
the predeternm ned trade off condition, .and instruc ot her ci itry (not
shown) 'vﬁeifeﬁf‘?\tet GREEEA ??’énﬂl%l\ﬂb“#’g‘é’?ﬁow&eﬁﬁé ?%r ’%‘& onfé%%g@'cor dingly.
WO 2007/145967 PCTI US2007/013273 9 [00281 As di scussed above, the power
consunpti on rpgsdjatiie)silystbfesh tiged @demplary portable memory device 500

including a plurality of NAND flash memories 310 constructed in accordance with the

invention as shown in FIG. 3. Portable memory device 500 includes other circuits

numbered as in FIG. 3 and described above. Portable memory device 500 may be

connected to a current-dependent power supply 530 through first power interface 535,

or to a current-independent power supply 540 through second power interface 545.

[0033] Determining circuit 520 determines which power interface 535, 540 is
receiving power for portable memory device 500. If determining circuit 520 detects that
power is being received through second power interface 545, no further action is taken
by determining circuit 520, and NAND flash memories 310 are allowed to draw any
power required from current-independent power source 540 via second power interface

545 for operation.

[0034] However, if determining circuit 520 detects that power is being received
from current-dependent power source 530 through first power interface 535, then
determining circuit 520 instructs each control circuit 311 within each NAND flash
memory 310 to utilize power according to predetermined trade-off conditions, which
are stored as one or more values in each command/configuration register 312. Further
control of NAND flash memories 310 is implemented as described for FIG. 3. The
above control of portable memory device 500 would also apply to a single memory, as

illustrated in FIG. 2 for NAND flash memory 210.



for instance, by decreasing the speed of wite operations of the plurality
of NAND flash nenories 310 by controlling a wite conmand cl ock frequency,
or by decreasing the maximmcurrent supplied to the plurality of NAND
flash menories 310 through a current limting circuit. Another trade-off

woul d be t o¥8i217H8%8bwer anong the plurality of NAND fIBSAVSHEHOMES 310

according to predeternmined settings. Fdr exanple, access to one or nore of
the NAND flash nenories 310 nay be inaccessible or have limted
accessibility, which is controlled by the respective control circuits 311.
100291 In an alternate enbodi nent, the non-depl etabl e power source 140 may
be connected through the first power interface 330. For instance, the

non-depl et abl e OPB@%C%P%%ﬁa&48nﬁgain?§\t§ﬂ'\@@uh&%t&ﬂd@%rdtgpg BHOV rgg'l?rcﬁ 540

depl et abl e po such as occurs during re-charging

of a batt g{ay ¥ cominb&ed itiRSgH thdFRbEHAPEEINtERLIRISISO U Bt chée, t hat case,
configurati on/ command regi ster 320 nmay al so detect the non-depletable power

sour ce 14orfiuragnicbmnhand tegisttebIlmey aBo. dteQ3hé chir€at-inklependedip@rer bl ock
di agranms of the nmenory 210 constructed in accordance with the invention.

FI G 4A shwse BdGthrough tlogBrstintedfdce 815.current liniting, in which the
control circuit 211 receives the result of the determ nation from

oL 9 it PR SR AT ot B eI Lo

regi ster 212, een nt rol
circuit Zilfﬂclﬁdlﬁg a PIORINEY O Snéin&iéd @IMstrubfEllihRdcSidantd withlie ibé b, €Cel ves
power fromeither power” interface 230 or power interface 240, whether to
i mt powPorthbletrhempestievite 60@inTbdesythéldrduits nusitoesad as h BG4Barsshows a
menory constructed for_timng alteration, in-which the control circuit 211
recei ves €pwribed abpvef Perfablganemarndeviencdq may derconpeeted 4o aideplgtable or

current-dependent power supply 630 through first power interface 635, or to a non-
depletable or current-independent power supply 640 through second power interface
645. Such power supplies are similar to those described in FIGs. 3 and 5 above.
Portable memory device 600 differs from the above-described embodiments in that
there is no separate determining circuit, and the determination is made by the user, i.e,,
sjrstem designer, when the portable memory device 600 is manufactured to enable the
behavior change for any power supply condition or other environmental influence. .
Such determination would be made, for instance, when a plurality of NAND flash
mermories 310 are used in portable memory device 600. Each control circuit 311 within
each of the NAND flash memories 310 would be preset to utilize power according to
predetermined trade-off conditions, which are stored as one or more values in each

command/configuration register 312.

[0037] Therefore, the system desigrner may select from a series of
predetermined operating points which tréde-off performance for a reduction of peak
currents and store suitable operating values in one or more locations of the
command/configuration registers 212, 312. This allows the system designer to adjust
current profiles depending on how many devices are used together or other factors that

may impact their system design. The system designer can also change, through



220 and accesses a value stored in command/ configuration register 212, where
the value has been pre-programed via line 430. Control circuit 211 then
instructs a clock 420 whether to alter timng to the rest of the nenory 210
(not shown). WD 2007/ 145967 PCT(US2007/013273 10 [0031] FIG 4C shows a
menory con¥¥0WeTeddTor both current limting and tim nljcypﬁ@%‘tl?%i’ﬁ, wher ei n
the val ue preprogrammed in conmand/ coA?iguration register 212 via line 430
allows control circuit 211 to determ ne whether to perform current limting
or timng alteration if determning circuit 220 has determ ned that
depl et abl e power source 130 is powering the portable nmenory device 200. In
an alternate enbodinment, a simlar configuration may be used for nenories

310. [0O0 It I St : ihee 500
ol i e BT e P R B o B e

Wi th t he delide SRbi PBtad%e Al déteciiditCof the Hekdhald devieebemgdsiupged b0 i ncl udes
other circuits nunbered as in FIG 3 and descri bed above. Portable nenory

devi ce S@ftemmal posvercoune thecsof owareqnay sattthelrtemad settipgwerthe oppimudB0 t hr ough
first power interface 535, or, to a current-indepepdent power supply 540

t hrough Petformapessetting:t by addiionsxsignalmay beaeesividh g an extsrpalsogree to

det erm nes,.whi c wer interfac 5, 540 | recei vin ower for t.abl e
nenory dé‘?ﬂl\é\%e Mﬁ?‘f PYEELN rﬂlﬁpﬁﬁé gﬁ%ai‘@l’ ?36"18 EPEETS Og ﬁg ot ap%é\%'ld esfs%rt%’g&f ng
recei ved & L4 ik gﬁamﬁgkﬁﬂg bardeaken by
deterninP%gkggggﬁgi&@%%Tﬂgﬁﬁﬁgﬁgﬁéé%ggﬁtﬁgﬁgpggé g%% are Iloméh {o draw any

power required from current-independent power source 540 via second power
i nterface [0038] In this way, the device can download information from a computer or

another platform while displaying véry good functionality. For instance, when the
device is unplugged and is operating in the battefy mode, the software may change the
setting to be more power efficient by providing less device performance. There are
other modes for which these trade-offs can be made; the current vs. speed of

programming in the NAND device being just one example of such a trade-off.

[0039] While the invention has been described in detail in connection with
exemplary embodiments known at the time, it should- be readily understood that the
inv-ention is not limited to such disclosed embodiments. Rather, the invention can be
modified to incorpora.te any number of variations, alterations, substitutions or -
equivalent arrangements not heretofore described, but which are commensurate with
the spirit and scope of the invention. For example, the portable digital device may be a
portable computer, personal digital assistant (PDAs), digital camera, portable music
player, cellular telephone,' or other device employing flash memory. Non-limiting
examples of depletable power source 130 include a battery, a gel type or other type of
capacitor or supercapacitor, solar cell, or other depletable power source. Non-limiting
examples of current-dependent power supply 530 include a regulator, transformer, AC
power adapter, or other power conversion device. Non-limiting examples of non-
depletable power source 140 or current-independent power source 540 include an AC

wall outlet, power drawn from a computer connection, such as a USB connection, or a



545 for operation. [0034] However, if determining circuit 520 detects that
power is being received fromcurrent-dependent power source 530 through
first power interface 535, then determning circuit 520 instructs each
control circuit 311 within each NAND flash nenory 310 [ ] ower
accordi ng Pﬁ)awyaﬁﬁgrm ned trade-of f conditions, which EQF@&g%gééﬁBas one or
nore val ues in each connand/configuraﬂ?on regi ster 312. Further control of
NAND fl ash nenories 310 is inplenmented as described for FIG 3. The above
control of portable nmenory device 500 would al so apply to a single nenory,
as illustrated in FIG 2 for NAND flash nenory 210. WO 2007/ 145967

PCT/ US2007/ 013273 11 [00351 In an alternate enbodi nent, the

current - b@g&%}qw AR SLoF4Bnd il R @RI dsly hREQippRopAstel | I St
power interface 535. In that case, configuration/comand register 520 may

al so det peéddtérenited iopetatingrippianceouldbeset. Cther behavidr mhy oeqlird alterhtiost
interface 535. [00361 FIG 6 illustrates a block diagramof a fourth
exenpl ar papt o heergdrarerenti of the themyory devigexdr memory dewises, sucliasst ruct ed in

accordance with the inventjon. Portable nenory_device 600.includes other
ol toul £ 5 STIREBREE HOISHrG elcromagRetig suerrIsEYe LEND: ?tCPéquthe aWQﬁﬁﬂgaevi ce

600 d depl hi -d | 630
S hrouah AERERUNTA erdchoR EfiBhE DristSfen SHNRERE RAFRROER i BRUPI SUPPI Y
current- 'w&&asnﬁwmwaeauen hy sE6& Me;sm@n B Ve HENi8E V3G EHe645.

Such power supplies are simlar to those described in FIG. 3 and 5 above.

detected environmental influence. Alternatively, a user, such as a system designer, can
select among pre-stored operating parameters in accordance with the desired use of the

device.

[0040) Moreover, the portable memory device 300 and portable memory device
500 are not limited to the shown three NAND flash memories 310. Any plurality of
NAND flash memories may be used, including a dual-stack with two memories and a
quad-st.ack with four memories. The invention may also be used for other types of
memory and memory devices, or other integrated circuits where power management is
desired, or where a trade-off between current consumed and operating speed is

desired.

[0041] As noted, although the invention has been described with a memory
device, it can be used with any integrated circuit device as long as it contains pre-stored
operating parameters which may be selected by an environmental influence detection

circuit or a user in accordance with environmental use conditions.

[0042] Thus, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.



Portabl e nenory device 600 differs fromthe above-descri bed enbodi nents in
that there is no separate determning circuit, and the determnation is
made by the user, i.e., systemdesigner, when the portable nmenory device
600 i s manufactured to enable the behavior change for any power supply
condition or other environnental influggpce. Such deternination would be
made, for instance, when a plurality of NAND flash nenories 310 are used in
portabl e nenory device 600. Each control circuit 311 within each of the
NAND flash menories 310 woul d be presqtpApM4&g ilize power according to
predeterm ned trade-off conditions, which are stored as one or nore val ues

in each co nd/ configuratjon register 312. 10037) Therefore, the system
desi gner may‘sel ect fr tbeaic’é %}331%888{%[59{‘%%1%88@&%H&*‘b%‘iynlf‘sgv\hi ch

trade-of f IBerf(gr mance for.a reduction of peak currents and store suitable
oper at i FFRVNES IR ORE 51" 80r e 1 0cati ons of the command/ configuration
registers 212, 312. This allows the system designer to adjust current

profil es dependin n _how many .devic are.used together or other factors
that may inpact ERETPUYIE WRCHE gl derios iy Reateatey o depietalie srrernpRly,
t hrough WO 2007/ 145967 PCT/ US2007/ 013273 12 software, the setting of the

trade-of f poiaﬂ s dependi ng on the operational node of the device. For
i nstance, upon detection of the handhel d device being plugged into external

pover source, L MeyAPLL L BT S S LTS S8 Bl ke BBy,
source to i iheAne ARG SR rleinGHAR) efidhe BB 45RAGRAR'SS AR Rlendy @

or a non-dep

{

2. The method of claim 1, further comprising:

determining of said device is powered by a non-depletable power source;

and

if said device is powered by said non-depletable power supply, not changing

the behavior of said memory.

3. The method of claim 2, wherein said changing step comprises

decreasing a speed of write operations of said memory.

4. The method of claim 2, wherein said changing step comprises

decreasing the maximum current supplied to said memory.



power source, or froma current-dependent or current-independent power
source. [0038] In this way, the device can downl oad information from a
conputer or another platformwhile displaying very good functionality. For
i nstance, when the device is unplugged and is operating in the battery
node, the software may change the settlsng to be nore power efficient by
providing | ess device performance. There are other nodes for which these
trade-offs can be made; the current vs. speed of programm ng in the NAND
devi ce beingsjust one eRalethdd oStisin 2, vhafen @hfd cHAHE3 stébi doenpiges pre-
i nvention has been described in detail 1 n connection wt exenpl ary
enbodi MeatingkreBtedinihbie cohdRionisttos i nferhery dadicky under stood that " the
invention is not limted to such disclosed enbodi nrents. Rather, the
invention can be nodified to incorporate any nunber of variations,
alterations, substitutions or equivalent arrangenents not heretofore
descri bed, but which are commensurate with the spirit and scope of the
i nvention. For exanple, the portable digital device may be a portable
conput er, pepsonal di giTle metsidsofdibing PDAbpreirisgid alenaayeomprisestadtdsh nusi ¢
pl ayer, cellular telephone, or other device enploying flash nenory.
Non- | i mntémagry.exanpl es of depl etabl e power source 130 include a battery, a
gel type or other type of capacitor or supercapacitor, solar cell, or other
depl et abl e power source. Non-limting exanples of current-dependent power
supply 530 include a regulator, transformer, AC power adapter, or other
power conversion device. Non-limting exanples of non- depl etable power
source 140 or current-independent power source 540 include an AC wall
outlet, powe?. drawn frdrheamethasliokerlaioooneberan saglidsshamemargBoowires i on, or
a WD 2007/ 145967 PCT/ US2007/ 013273

NAND flash memory.

8. A memory device comprising:

a memory and associated circuitry for operating said memory to read, write,

and erase data;

a detection circuit for determining whether said memory and associated

circuitry are powered by a depletable power supply; and

a control circuit coupled to said detection circuit for changing a behavior of
said memory and associated circuitry to regulate power consumption if it is
determined that said memory and associated circuitry are powered by a depletable

power supply.



13 DC generator. Additional trade-off conditions would also apply and
appropriate predeterm ned operating points would be set. O her behavior may
require alteration based on the environnent of the menory device or nenory
devi ces, such as tenperature, noisture, electromagnetic interference (EM),
etc. Such behavior can be detected by;g detection circuit and prestored
operating paraneters selected in accordance with the detection to select an
operating condition of the device with the detected environnental

influence. AbternativelThe dewWi&est claine B, Ahefeifyid b&il ARSEORHowWERH bySLhEEt
anong pre-stored operating paranmeters in accordance with the desired use of

t he dedbpl@taﬂl@gﬁmer Mapedy ehid éherdititail dodtBiRIcHafgy tHreb 3 iansk faal irkbldy
menory devi ce 00 are not limted to the shown three NAND fl ash nmenori es
310. Anyn@bygﬁﬁﬁbacgﬁuﬁﬂAND flash nenories may be used, including a

dual -stack wwth two nenories and a quad-stack with four nenories. The

i nvention may al so be used for other types of nenory and nenory devices, or
other integrated circuits where power nanagenent is desired, or where a
trade-of f between current consunmed and operating speed is desired. [0041]
As noted, although the invention has been described with a nenory device,
it can be used with anyThetdegiatefctlaint ¢ uvhemdaybaid @atlodeycait chingasthai ns
pre-stored operating paraneters which may be sel ected by an environnent al

i nf | uenbehalabeof saith meanocyby decreasirgea speedasfooritipoperatiohk oéraiidrmemeng.al use
conditions. [0042] Thus, the invention is not to be seen as |limted by the

f or egoi ng

11. The device of claim 9, wherein said control circuit changes the
behavior of said memory by decreasing the current supplied to said memory and

associated circuitry.

12. The device of claim 9, wherein said control circuit changes the

behavior of said memory by setting predetermined operating points for trade-off

parameters.
13. The device of claim 9, further comprising:
a first power interface for coupling said device to said depletable power
supply; and

a second power interface for coupling said device to said non-depletable

power supply.



description, but is only limted by the scope of the appended clains. 14
CLAIMS 1. A nmethod of nanagi ng power consunption by a nenory in a nenory
devi ce conprising: determ ning whether said device is powered by a

depl et abl e power supply; and if it is determned that said device is
powered by a depl et abl e power supply, 1¢hanging a behavior of said nenory to
regul ate power consuned by said nenory. 2. The nethod of claim1, further
conprising: determ ning of said device is powered by a non-depl et abl e power
source; andi4.f sai d deVhee@eviepg\whiedd Mirther dompristigp! et abl e power supply,
not changing the behavior of said nenory. 3. The nmethod of claim2, wherein
sai d changing step conprises decreasing a speed of wite operations of said
nmenory. 4. The meapotverfintiriicafds; cw}ﬁfrﬁ' snid aiesh ehangiddesieaible power sesply
decreasing the maxi mum current supplied to said nenory. 15 5. The net hod of
claim2, whesrd saislaich-cbplegablg potedy sappby.i ses pre setting predetermn ned
conditions for said nenory device. 6. The nethod of claim2, wherein said
menory conprises a flash

15. The device of claim 8, further comprising a plurality of memories.
16. The device of claim 15, wherein said control circuit changes the

behavior of said memory by dividing power from said depletable power supply among

said plurality of memories.

17. The device of claim 15, wherein said plurality of memories comprises

one of: a dual-stack or a quad stack.

18. The device of claim 9, wherein said memory comprises a flash
memory.
19. The device of claim 18, wherein said flash memory comprises a

NAND flash memory.



menory. 7. The nmethod of claim6, wherein said flash nenory conprises a
NAND fl ash nenory. 8. A nenory device conprising: a nenory and associ at ed
circuitry for operating said nenory to read, wite, and erase data; a
detection circuit for determ ning whether said nenory and associ at ed
circuitry are powered by a depl etable pgwer supply; and a control circuit
coupled to said detection circuit for changing a behavior of said nenory
and associated circuitry to regul ate power consunption if it is determ ned
that said neppry and assomieai®@d devictiidmnprising: power ed by a depl etable power
supply. 16 9. The device of claim8, wherein, if said device is powered by
a non depl et abl e power supply, said control circuit does not change the
behavi or of said menamngry,and associated circuitry. 10. The device of claim
9, wherein said control circuit changes the behavior of said nenory by
decreasing a speed of wite operations of said nenory. 11. The device of
claim9, wherein saieteationtqintuiciorcleitdrnthanggebethes shishdevioe ipowaied eaory by
decreasing the current supplied to said nenory and associated circuitry.
12. The devi depletakdé ponved supipdy;ei n sai d control circuit changes the

a configuration/command register for storing a value corresponding to

predetermined operating points; and

a control circuit coupled to said detection circuit and said
configuration/command register for altering predetermined operating points of said
memory using a value from said configuration/command register if it is determined

that said device is powered by a depletable power supply.

21. A memory device comprising:
a memory;

means for determining whether said device is powered by a depletable

power supply; and

means for changing a behavior of said memory if it is determined that said

device is powered by a depletable power supply.



behavi or of said nenory by setting predeterm ned operating points for
trade-off paraneters. 13. The device of claim9, further conprising: a
first power interface for coupling said device to said depl etabl e power
supply; and a second power interface for coupling said device to said
non-depl etabl e power supply. 17 14. The device of claim9, further
conprising: a power interface for coupling said device to said depletable
power supply and said non-depl etable power supply. 15. The device of claim

8, further cooprising aTHed@itd ¥f QhinBIBhHBSF corhPrisiHiemeand R allowahaisidls,
wherein said control circuit changes the behavior of said nenory by

di vi di ngn@avey td éaBuaé dnigntet @bhver FeuRr deHBPlsp@Ererd bysandnildpl@ableyp@ier
menories. 17.” The device of claim 15, wherein said plurality of nenories

conpri se&ppBne of : a dual -stack or a quad stack. 18. The device of claim?9,
wherein said nenory conprises a flash nenory. 19. The device of claim 18,
wherein said flash nmenory conprises a NAND flash nenory. 18

23. The device of claim 22, wherein said means for changing the
behavior of said memory further comprises means for decreasing a speed of write

operations of said memory.

24, The device of claim 22, wherein said means for changing the
behavior of said memory further comprises means for decreasing the maximum current

supplied to said memory.

25. The device of claim 22, further comprising:

first power means for coupling said device to said depletable power supply;

and

second power means for coupling said device to said non-depletable power

supply.



20. A nenory device conprising: a menory; a detection circuit for
determ ni ng whether said device is powered by a depletable power supply; a
configuration/command register for storing a val ue corresponding to
predet erm ned operating points; and a control circuit coupled to said
detection circuit and said configuratixgn/conmmand register for altering
predeterm ned operating points of said nenory using a value fromsaid
configuration/command register if it is determined that said device is
power ed by angepl et abl e s SRR . BB j.ce conprising: a
menory;, neanggfor deterg?%ﬁﬁ%nmhetﬁ%?ng%#geggsice fgﬁﬁ wered by a depletable
power supply; and neans for changing a behavior of said nmenory if it is

deter m ned t hadang 3ot £ Saiti s RAMRLa i PY epletitit gb@l@r%ug?wn@yﬂalmn-w
22. The device of claim 2> further conprising nmeans for I'ow ng sai d nenory

to consy le%légbhﬁgs&?:g?. if said device is powered by a non-depl etable
power supply. 23. The device of claim22, wherein said neans for changi ng
the behavior of said nmenory further conprises nmeans for decreasing a speed
of wite

27. The device of claim 22, wherein said memory comprises a flash
memory.

28. The device of claim 27, wherein said flash memory comprises a
NAND flash memory.

29. A method of managing power consumption by a memory in a

memory device comprising;:

receiving a signal indicating that said device is powered by a depletable

power supply; and

changing a behavior of said memory to regulate power consumed by said

memory.

30. The method of claim 29, wherein said changing step comprises

decreasing a speed of write operations of said memory.



operations of said nenory. 24. The device of claim 22, wherein said neans
for changing the behavior of said nenory further conprises neans for
decreasi ng the maxi mum current supplied to said nmenory. 25. The device of
claim 22, further conprising: first power means for coupling said device to
sai d depl et abl e power supply; and secopd power neans for coupling said
device to said non-depl etable power supply. 20 26. The device of claim 22,
further conprising: nmeans for coupling said device to said depl etable power
supply and sdid non- dephetméthedprfwbainspprlyereitvsaiditbadginigesepconipaisas 22,
wherein said nenory conprises a flash nenory. 28. The device of claim 27,
wher ei ndsetiedsingdbe naimnyn congent sepphed toasadd fmembryvenory. 29. A net hod of
managi ng power consunption by a menory in a nenory device conpri sing:
receiving a signal indicating that said device is powered by a depletable
power supply; and changing a behavior of said nmenory to regul ate power
consuned by said

32. The method of claim 29, wherein said changing step comprises pre-

setting predetermined conditions for said memory device.

33. The method of claim 29, wherein said changing step comprises

shutting down said memory device.

34. The method of claim 29, wherein said memory comprises a flash
memory.

35. The method of claim 34, wherein said flash memory comprises a
NAND flash memory.

36. A method of managing power consumption by a memory in a

memory device comprising:

determining whether said device is powered by a current-dependent power

supply; and



menory. 30. The nethod of claim29, wherein said changing step conprises
decreasing a speed of wite operations of said nenory. 21 31. The nethod of
claim?29, wherein said changing step conprises decreasing the maxi num
current -supplied to said nenory. 32. The nethod of claim?29, wherein said
changi ng step conprises pre- setting predeterm ned conditions for said
menory device. 33. The nethod of claim?29, wherein said changing step
conprises shutting down said nenory device. 34. The method of claim 29,
wher ei n sai d nenpifyit todgtermasedattat asid deveooisypovddred Hyea metrentideperad et mo8kr
wherein said flash nenory conprises a NAND flash nmenory. 36. A net hod of
managi ng powsupphbnsbamgingra hsheaioreofmayd memorynemegylate poreer conprinsi iy: said
determ ni ng whet her said device is powered by a current-dependent power
supply; and 2fmofy.it is determ ned that said device is powered by a
current - dependent power supply, changing a behavior of said nenory to
regul ate power consuned by said nenory.

37. The method of claim 36, further comprising;:

determining of said device is powered by a current-independent power

source; and

if said device is powered by said current-independent power supply, not

changing the behavior of said memory.

38. The method of claim 37, wherein said changing step comprises one
of: decreasing a speed of write operations of said memory, decreasing the maximum
current supplied to said memory, or pre-setting predetermined conditions for said

memory device.

39. A memory device comprising;:

a memory and associated circuitry for operating said memory to read, write,

and erase data;

a detection circuit for determining whether said memory and associated

circuitry are powered by a current-dependent power supply; and



37. The nethod of claim 36, further conprising: determ ning of said device
is powered by a current-independent power source; and if said device is
powered by said current-independent power supply, not changing the behavior
of said nenory. 38. The nethod of claim 37, wherein said changing step
conprises one of: decreasing a speed ofy wite operations of said nenory,
decreasing the maxi mum current supplied to said nenory, or pre-setting
predeterm ned conditions for said nenory device. 39. A nenory device
conpri sing: a nmenmicgnaoticiassiocoapied toisarlidéteytidocirope fat dhangiag d bakavioy of o
read, wite, and erase data; a detection circuit for determ ning whet her
said nenory sad rasmocy ahddissadiatedi dircpitay ¢o pegpdated dyeracoswnmgrtiordid pieindent
power supply; and 23 a control circuit coupled to said detection circuit

f or changi ngdetebmivaed thatshidaiedomrard/asndatskdoiatrgdire posvdred pytaocuregut at e
power consunption if it is determned that said nenory and associ at ed

circuitry ardepawarégobyerssupplyent - dependent power supply. 40. The device
of claim39, wherein, if said device is powered by a current-independent

power supply, said control circuit does not change the behavior of said
menory and associated circuitry.

40. The device of claim 39, wherein, if said device is powered by a
current-independent power supply, said control circuit does not change the behavior of

said memory and associated circuitry.

41. The device of claim 40, wherein said control circuit changes the
behavior of said memory by one of: decreasing a speed of write operations of said
memory, decreasing the current supplied to said memory and associated circuitry, or

setting predetermined operating points for trade-off parameters.

42, The device of claim 40, further comprising;:

a first power interface for coupling said device to said current-dependent

power supply; and

a second power interface for coupling said device to said current-

independent power supply.



41. The device of claim40, wherein said control circuit changes the
behavi or of said nenory by one of: decreasing a speed of wite operations of
said nenory, decreasing the current supplied to said nenory and associ at ed
circuitry, or setting predeterm ned operating points for trade-off
paranmeters. 42. The device of claim40,4further conprising: a first power
interface for coupling said device to said current-dependent power supply;
and a second power interface for coupling said device to said current-

i ndependent pgwer suppl ThefevidSof clhien 4E\fiifiepto®ipisiagdO, further
conprising: a power interface for coupling said device to said

current -dependent power supply and said current-independent power supply.

44. The device of agcavenidGerfdderfohesusiampsdididegice tlsdfchbuitryniodepaient @dwerdS.
The device of claim44, wherein said control circuit changes the behavior
of said menosypply dhidsdidngreantirdépdridem paindreuppint - dependent power supply
anong said plurality of nenories. 46. The device of claim44, wherein said
plurality of menories conprises one of: a dual-stack or a quad stack. 47. A
menory device conprising: a nenory; a detection circuit for determ ning
whet her said device is powered by a

44. The device of claim 39, further comprising a plurality of memories.

45. The device of claim 44, wherein said control circuit changes the
behavior of said memory by dividing current from said current-dependent power supply

among said plurality of memories.

46. The device of claim 44, wherein said plurality of memories comprises

one of: a dual-stack or a quad stack.

47. A memory device comprising:
a memory;

a detection circuit for determining whether said device is powered by a

current-dependent power supply;

a configuration/command register for storing a value corresponding to

predetermined operating points; and



current - dependent power supply; a configuration/command register for storing
a val ue corresponding to predeterm ned operating points; and 25 a control
circuit coupled to said detection circuit and said configuration/command
register for altering predeterm ned operating points of said nenory using a
value fromsaid configuration/conmand pegister if it is determ ned that
said device is powered by a current-dependent power supply. 48. A nenory
device conprising: a nmenory; neans for determ ning whether said device is
powered by a curreapbatrdegendendupledes ssidogétectiemdiromanadfsaid changi ng a
behavior of said nenory if it is determined that said device is powered by
a current - depmrfinatipoiemmepgd|registd. fofl Akeriey predatérmireidnog@ atifig pohds of said
conprising nmeans for allowing said nenory to consune unlimted power if

sai d devi ce irenpmyersicg by aue{ronesaidicodégenatint/copowerd sagpgtey if 166 defrenined
device of claim49, further conprising: nmeans for coupling said device to
sai d current tl"daépmlddm“mepmvmwsmddtwaanntens-depelmcdmrtqmwemmmdent pover
supply. 26 51. A method of managi ng power consunption by a nmenory in a

48. A memory device comprising:

a memory;

means for determining whether said device is powered by a current-

dependent power supply; and

means for changing a behavior of said memory if it is determined that said

device is powered by a current-dependent power supply.

49. The device of claim 48, further comprising means for allowing said
memory to consume unlimited power if said device is powered by a current-independent

power supply.

50. . The device of claim 49, further comprising:

means for coupling said device to said current-dependent power supply and

said current-independent power supply.



menory device conprising: receiving a signal indicating that said device is
powered by a current- dependent power supply; and changi ng a behavi or of
said nenory to regul ate power consuned by said nenory. 52. The method of
claim51, wherein said changing step conprises one of: decreasing a speed
of wite operations of said nenory, de@peasing the maxi mum current supplied
to said nenory, pre-setting predeterm ned conditions for said nenory

device, or shutting down said nenory device. 53. A nmethod of nmanagi ng

behavi or of &h i ntegrat admethiadiof mateyingep@oapeorsiungpticiebg atbmaoan in a
environnmental condition of said integrated circuit device; and changing a
behavi omenforyadelicent@gpeasieg: ci rcuit device in accordance with said detected
environnmental condition, 27 wherein detecting an environnmental condition
conprises detecting a power source for the integrated circuit device, and
wher ei n det ect i ngrexepongr signaldedivetipg itbasaidideeicaiinpoyentitbhercussind- devi ce
is powered by a depl etable power supply; and determ ning whether said

devi ce i s podepatidn ppvearrsupply;degendent  power supply.

changing a behavior of said memory to regulate power consumed by said

memaory.

52. The method of claim 51, wherein said changing step comprises one
of: decreasing a speed of write operations of said memory, decreasing the maximum
current supplied to said memory, pre-setting predetermined conditions for said memory

device, or shutting down said memory device.

53. A method of managing behavior of an integrated circuit

device comprising;:
detecting an environmental condition of said integrated circuit device; and

changing a behavior of said integrated circuit device in accordance with said

detected environmental condition,



27

wherein detecting an environmental condition comprises detecting a power

source for the integrated circuit device, and
wherein detecting a power source comprises:

determining whether said device is powered by a depletable power

supply; and

determining whether said device is powered by a current-dependent

power supply.



